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I n t r o d u c t o r y  Remarks 

The co l l oqu ium "New Aspects o f  Galaxy Photometry"  was one o f  the t h ree  s p e c i a l i z e d  

c o l l o q u i a  o f  the Eighth IAU r e g i o n a l  meet ing held at  Toulouse.  September 17-21. 

1984. I n i t i a l l y  l i m i t e d  to  f o u r  a f t e r n o o n  sess ions ,  i t  had to  be extended to  o the r  

sess ions ,  held in  the mornings,  and to  a pos te r  sess ion ,  because o f  the l a r g e  

number o f  communicat ion p roposa l s .  

This t o p i c ,  in  a meet ing devoted to  E x t r a g a l a c t i c  Astronomy, was decided on s ince 

i t  seemed obvious t h a t  seve ra l  new aspects ,  r e l a t e d  to  t e c h n i c a l  improvements o f  

a l l  k inds ,  are beg inn ing to  comp le te l y  change our approach to  the unders tand ing  o f  

the morphology,  dynamics, and e v o l u t i o n  o f  g a l a x i e s ,  f o r  which one f i e l d  remains 

e s s e n t i a l  : ga laxy  photomet ry .  The most ev iden t  o f  these aspects i s  c e r t a i n l y  the 

recen t  e x t e n s i v e  (no t  to  say e x c l u s i v e )  use o f  CC9 techno logy  and i t s  

consequences, namely, f a s t  a c q u i s i t i o n  o f  da ta ,  high accuracy,  ex tens ion  o f  the 

o p t i c a l  wavelength range to  the near i n f r a r e d ,  new sets o f  (wide-band and narrow- 

band) f i l t e r s ,  e t c . . ,  Severa l  o the r  aspects are a lso  very i m p o r t a n t  such as the 

progress o f  more c l a s s i c a l  but s t i l l  e f f i c i e n t ,  a c q u i s i t i o n  techn iques : 

photography or  e l e c t r o n o g r a p h y .  Both c l a s s i c a l  and CCD techn iques are more and 

more completed by s o p h i s t i c a t e d  image t rea tmen ts  r e l y i n g  upon e i t h e r  a high degree 

o f  mastery o f  the p r o p e r t i e s  o f  pho tograph ic  emulsions or  the c o n t i n u a l  

improvement o f  computer f a c i l i t i e s ,  w i t h  c o l o r  d i s p l a y s ,  au tomat i c  image 

( coo rd i na ted )  r e d u c t i o n  procedures,  and compu te r - l i nked  m i c rodens i t ome te r s .  

Another  impo r tan t  recen t  i n s i g h t  f rom computer sc ience in  g a l a c t i c  s tud ies  i s  the 

use o f  i n t e n s i v e  and s o p h i s t i c a t e d  numer ica l  codes in  N-body s i m u l a t i o n s .  New 

aspects o f  a d i f f e r e n t  na ture  are the i n s i g h t s  from data obta ined at  o the r  

wavelength ranges such as r a d i o ,  i n f r a r e d ,  X - ray ,  UV, coming from s a t e l l i t e s  or 

ground-based t e c h n o l o g i c a l l y  advanced equipment.  Las t ,  but c e r t a i n l y  not l e a s t .  

the launch ing  o f  the Space Telescope in  the near f u t u r e  i s  not to  be neg lec ted  in  

t h i s  ( non -exhaus t i ve )  l i s t ,  

The a f t e r n o o n  sess ions ,  ma in ly  made up o f  i n v i t e d  l e c t u r e s  ( t i t l e s  in  c a p i t a l  

l e t t e r s  in  the Table o f  Con ten ts ) ,  f o l l o w e d  in  genera l  the o u t l i n e  o f  the above 

l i n e s  : the f i r s t  two a f t e rnoons  were devoted to  these t e c h n o l o g i c a l  improvements, 

w h i l e  the o the r  two were centered on a s t r o p h y s i c a l  a p p l i c a t i o n s ,  namely, dynamics 

and e v o l u t i o n  o f  g a l a x i e s .  The morning and pos te r  sess ions cons i s ted  o f  more 

s p e c i f i c  r e s u l t s  on g a l a x i e s ,  a l though ,  f o r  the sake o f  space, some papers more 

r e l a t e d  to  a c t i v i t y  o f  g a l a x i e s  and cosmology had to  be d i sca rded .  They were 

presented in  p a r a l l e l  sessions dur ing  the gene ra l  IAU meet ing and are not inc luded 



IV 

he re .  In a d d i t i o n ,  a summary o f  t h i s  s p e c i a l i z e d  meet ing  was p resen ted  by H. 

C a p a c c i o l i  i n  a p l e n a r y  sess ion  o f  the  g e n e r a l  mee t ing .  

These Proceed ings  f o l l o w  q u i t e  c l o s e l y  the o u t l i n e  o f  the meet ing  w i t h  a s e c t i o n  

on each a f t e r n o o n  s e s s i o n ,  one f o r  the morn ing sess ions  and one f o r  the  p o s t e r  

s e s s i o n .  A pane l  d i s c u s s i o n  w i t h  A. Bosma, H. C a p a c c i o l i ,  A. Fab ian ,  3 . - L .  N i e t o ,  

F. Schweizer ,  and R. T e r l e v i c h  (cha i rman)  ended the  meet ing .  I t  i s  not  r e p o r t e d  

he re ,  nor  i s  the  r e v i e w  o f  the p o s t e r s  p resen ted  by D. C a r t e r ,  and one or  two 

papers w i thdrawn by t h e i r  a u t h o r s .  

Let  me conc lude  here  w i t h  my deep thanks  to  3 . -P .  Zahn, chai rman o f  the S c i e n t i f i c  

O r g a n i z i n g  Committee o f  the  E igh th  IAU r e g i o n a l  meet ing ,  who made t h i s  s p e c i a l i z e d  

meet ing  p o s s i b l e ,  as w e l l  as t o  the  members o f  the  S c i e n t i f i c  O r g a n i z i n g  Committee 

o f  t h i s  s p e c i a l i z e d  meet ing  f o r  t h e i r  u s e f u l  c o n t r i b u t i o n .  The p e r f e c t  

o r g a n i z a t i o n  p r o v i d e d  by the  Loca l  O r g a n i z i n g  Committee, n o t a b l y  3 . -C .  A u g i s t r o u  

and H. Mauruc i s  deep l y  acknowledged.  I would l i k e  to  exp ress  a l s o  my g r a t i t u d e  to  

3. 3obard ,  who typed (o r  r e t y p e d )  s e v e r a l  papers and he lped me ve ry  much i n  the  

p r e p a r a t i o n  o f  t hese  Proceed ings .  Hy f i n a l  thanks  t o  G. P a t u r e l  f o r  h i s  t a l e n t e d  

d rawings  which i l l u s t r a t e  t h i s  volume here and t h e r e .  

3ean-Luc NIETO 
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NEW TRENDS IN CCD PHOTOMETRY OF GALAXIES 

B. Fort 

Observatoires du Pic du Midi et de Toulouse 

14, avenue Edouard Belin 

31408 Toulouse 

Abstract : This paper summarizes some possibilities of CCDs for photometry of 

galaxies. After a quick-look at CCD development, and at some basic information for 

data reduction, we mention the relevance of CCD/focal reducer techniques. 

Introduction 

This paper is  mainly addressed to the new-comers to CCD observations of galaxies. 

I ts  purpose is to give an idea on CCD photometry, r e s t r i c t i n g  the discussion to 

extended objects. The approach w i l l  be centered on the instrument and the data 

reduction procedure, but we sha l l  t r y  to i l l u s t r a t e  th is  paper with some 

observat ional examples. Most of them come from the author's own experience, and 

therefore cannot cover a l l  the works in th is  f i e l d  of i n te res t .  However, we shal l  

t r y  to give some important resu l ts  coming from CCD users, which seem to emerge, at 

least  as viewed from Europe. In th is  respect, concerning the CCD device i t s e l f ,  

the future s c i e n t i f i c  CCD has been forecast by 3. Janesick and col laborators (1984 

a,b). 

The future CCD 

With the continuous and impressive progress in CCD development, mainly in the 

thinning technique for backside illumination, it will be possible to have a very 

high quantum efficiency from I A to 10 000 A. 

Figure I shows the expected quantum efficiency for a thin backside illuminated TI 

3PCCD. The solid line corresponds to results already obtained in laboratory, and 

the dotted l i n e  what is expected very soon (Janesick 1984 a, b). In the UV range, 

a phosphorus coating can bring the quantum e f f i c i ency  of f ron ts ide  th ick CCD to 

about 15 X. With th in backside i l luminated s i l i c ium native layer  and UV f looding 

technique i t  can even increase up to 60 X (Hilvack et a l .  83). Optical coating can 

also minimize Fresnel losses and bring the quantum e f f i c i ency  very close to one. 

(Oanesick et a l .  1984b) 
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Fig. I : Spectral response of a 

backside illuminated and UV flood 

CCD. Solid line and crosses 

correspond to measurements (Janesick 

e t  a l  1984a, H i l v a k  e t  a l  1983);  the  

d o t t e d  l i n e  and the dashed l i n e  

co r respond  r e s p e c t i v e l y  to  the  

expec ted  v a l u e s  f o r  ex t reme UV and 

visible range with special 

antireflection coating (Janesick et 

al 1985b).  

Parameter Manufacturer 

TI GEC TH-CSF 

iFormat 880x800 576x385 576x384 

Technology 3PCCD 3PCCD 4PCCD 

P i x e l . s i z e  15 22 23 
micron 

'Arra~mSiZe_ 12x12 12 .7x8 .5  13 .2x8 .8  
i 

IFull  well 50 000 500 000 200 000 

1-10000 :4500-10000 5000-11000 S p e c t r a l  range 

Charge T r a n s f e r  
inefficiency 
x 10 -6 

Readout n o i s e  

< 30 

5 - 9 

TI RCA 

800x800 512x320 

VPCCD 3PCCD 

15 30 

12x12 15 .4x9 .6  

50 O00 350 000 

1-100 3000-10000 

> 1 0 0  < 100 

25-150 35-8O 

< 100 

3 - 10 

< 1 0  

20-30 

Tab le  1 

* f rom M e l l i e r  and a l  1985 

F i n a l l y  mosa icked CCDs are  now under deve lopmen t  i n  many p l a c e s ,  and r e a d o u t  n o i s e  

as l o w  as 3 e l e c . x  p i x e l  -1 w i l l  be o b t a i n e d  i n  s low scan mode. We can deduce 

t h a t  we a re  now c o n f r o n t e d  w i t h  the  g e n i t o r  o f  a f u t u r e  o u t s t a n d i n g  image 

d e t e c t o r ,  Even more, the  p h o t o e l e c t r i c  pe r f o rmances  o f  the  p r e s e n t  s t a t e  o f  the  

a r t  seem so good, t h a t  we shou ld  l e a r n  to  use i t  w i t h  i t s  u l t i m a t e  c a p a b i l i t i e s .  

Tab le  I g i v e s  a summary o f  the  p h o t o m e t r i c  c h a r a c t e r i s t i c s  o f  some CCDs i n  use f o r  

as t r onomy .  



There is no doubt that  w i th in  a few years new chips coming from these 

manufacturers or others could be ex tens ive ly  used  wi th bet ter  performances. 

( P h i l i p s  600 x 600 ,  Tek 1931 x 1931 ,  GEC 1500 x 1 5 0 0 ) .  

Basics in CCD two-dimensional photometry 

I t  is  not possible to give i n  a few pages a complete review of the procedure to 

fo l low in order to reach the u l t imate photometric accuracy obtainable with a CCD. 

The dev ia t ion  from l i n e a r i t y  of a good  CCD camera can be lower than 5xi0 -4 

(Vigroux 1985) (except at extremely low f l u x  leve ls  where bad t rans fe r  occurs). 

This f i gu re  should al low an absolute photometry around O.1X, probably very close 

to that  of pho toe lec t r i c  measurements wi th a pho tomu l t ip l i e r  or photodiode (Walker 

1984). Let us jus t  see how such a goal can be reached wi th CCD images. 

The simplest way to describe the response curve of a l i nea r  CCD is the equation 

(1 )  : 

Sij = qij @*ij ~ + aij + Bij T + A~i j + Aij(*T) 111 

where : 

Sij = signal on the pixel index i, j 

@*ij = flux of the celestial object 

qij = quantum efficiency pattern 

r = exposure time 

~ i j  = e lec t ron ic  o f f se t  (s ignal  l eve l  for  z = O) 

~ i j  = dark current per p i xe l  i ,  j x seconde - I  

ATij  = readout noise 

A(~ i ) i~  J = photoelectron shot noise. 

We suppose that  the detector  is cooled enough so tha t  the dark current is 

neg l ig ib le  during the exposure time T. 

From the measurement S i j ,  i t  is possible to der ive an approximation to the f l u x  @, 

using equation (2) 

S..  - a . .  
~ . .  ~ z3 z3 ( 2 )  
13 qij T 

The accuracy should depend only on the readout noise and photoelectron shot noise 

if the two quantities eij and qij are perfectly determined. 

a) Determination of aij 

The offset level ~ij is due to electronic bias voltage, and could be determined 

with a very short exposure in the dark. Figure 2 represents such an offset in the 

center of a RCA chip [CEA/INAG CCD Camera, Bouerre et al  1981). I t  d isplays a 



r e l a t i v e l y  f l a t  granular pat tern corresponding to the Gaussian readout noise. I t  

might be possible to use the mean value of a large number of o f f se ts  in order to 

der ive a good determinat ion of ~ i j  ( res idual  er ror  of readout noise becoming 

n e g l i g i b l e ) .  

LS. i j  

~jy b a~ k 

r ~sij(T : 0) ¢ij ~. 

Fig. 2 : S i j  (T=o) Fig. 3 : ~ i j  Fig, ¢ : Response curve S i j  

However, for  some chips as VPTI, 3PGEC or 3PRCA, a n o n - l i n e a r i t y  with a threshold 

e f f ec t  can accur at very low f l u x  leve ls ,  so that  : 

S. . (T  = O) t ~ . . .  
z3 z3 

The t rue o f f se t  ~ i j  can d i f f e r  from the e lec t ron ic  o f f se t  S i j  T = O) from several 

hundreds of electrons and vary from column to column, l i ne  to l i ne  or p i xe l  to 

p i xe l .  I t  is then necessary to calculate the " t rue o f f se t "  corresponding to the 

l i nea r  part of the response curve. This can be done by using a s tab i l i zed  l i g h t  as 

a Tr i t ium source ( s t a b i l i t y  I ppm per hour), which projects a r e l a t i v e l y  f l a t  

f i e l d  on the CCD. The l i nea r  response of each p i xe l  on the CCD between ¢i jmin and 

the f u l l  we l l  capacity ~ijmax' is extrapolated for  T = 0 ( f i g .  4). 

In many observations of galaxies,  the sky background brings the CCD up to the 

l i nea r  part  of  the response curve S. I t  is then possible to calculate a very good 

" t rue o f f se t "  from the regression.curve using measurements between Ssky and Sma X 

( f i g .  5). 

b) Ouantum efficiency qij 

The second major parameter to derive in order to obtain good 

quantum efficiency map qij" This is obtained with the classical 

photometry is the 

m e a s u r e m e n t  o f  a 



f i a t - f i e l d  (FF) through the op t i ca l  system (telescope + f i l t e r ) .  For r e l a t i v e l y  

narrow-band f i l t e r s  (200 A), the best procedure is to, use a CCD image of a clear 

sky at sunset or sunrise. Another p o s s i b i l i t y  is dome i l l umina t ion ,  which, from 

the only author 's experience, does not seem to give stable resu l ts .  

A f te r  removing possible star tracks on FF exposures, a quantum e f f i c iency  map qi3 

wi th in  10 -3 accuracy can be derived. 

The da ta  r e d u c t i o n  p r o c e d u r e  d e s c r i b e d  above ( a , b )  does not  g e n e r a l l y  a l l o w  a 

p h o t o m e t r i c  a c c u r a c y  b e t t e r  than  0.03 mag wh ich  i s  a l i m i t  o b t a i n e d  now by CCD 

users  i n  a r o u t i n e  way. 

B x arcsecond -2 

25 

i comp°nent 

\ 
\ 

, , ~ R I / 4  pixel unit 
z ~ 4 

F i g . 5  : F a i n t  s h e l l s  o f  NGC 2865 

Blue F i l t e r  4000 ~ - AA : 400 A - 

= 2Omn - F/2 CFHT 3.6 m ( F o r t  

et a l  1984) 

Fig.6 : P ro f i l e  of NGC 3923. Blue F i l t e r  

4500 A - AA = 400 A - T = 20 mn - F12 - 

CFHT 3.6 m (Fort et a l  1984) 

Such an a c c u r a c y  around 1Z i s  good enough f o r  many a s t r o n o m i c a l  p rograms,  and can 

be f a v o r a b l y  compared w i t h  t h a t  o f  o t h e r  images d e t e c t o r s .  To i l l u s t r a t e  t h i s  

p o i n t ,  we g i v e  on f i g u r e  5 an image o f  the  e l l i p t i c a l  g a l a x y  NGC 2865. I t  d i s p l a y s  

s e v e r a l  s h e l l s  wh ich  can be d i r e c t l y  seen on the  d i r e c t  image, w i t h o u t  any image 

enhancement t e c h n i q u e s  ( F o r t  e t  a l .  1984) .  On F i g u r e  6, we g i v e  a l s o  t he  t y p i c a l  

CCD p r o f i l e  o f  an e l l i p t i c a l  g a l a x y  NG£ 3923. In  t h i s  l a s t  exemple,  the  sky 

background s u b t r a c t i o n  i s  v e r y  i m p o r t a n t  and can be a p rob lem w i t h  the  s m a l l  s i z e  

of the CCD. We shal l  not discuss th is  point ,  the f i l t e r  choice, nor the residual 

f r inge pattern coming from the emission l ines of the sky. A l l  these aspects are 

developped in these proceedings (Vigroux 1985). These two resul ts  given on f igure 

5 and 6 i l l u s t r a t e  how e f f i c i e n t  the CCD can be for  the detect ion of very f a i n t  

structures (m v ( 2 7 ) .  



Possibi l i ty  of better photometrv 

However ,  w e  must go ahead i n  i m p r o v i n g  t h e  p e r f o r m a n c e s .  T h e r e f o r e ,  we have t o  ask 

o u r s e l v e s  why such a d e t e c t o r  w i t h  such a good l i n e a r i t y  and l a r g e  dynamics  does 

no t  commonly a l l o w  a p h o t o m e t r y  b e t t e r  t han  1~. 

One answer seems t o  be found  i n  a r e s i d u a l  e r r o r  coming f rom the  FF c o r r e c t i o n  

q i j "  In  g e n e r a l  t h e  FF e x p o s u r e  canno t  be o b t a i n e d  w i t h  a l i g h t  h a v i n g  t he  c o l o r  

o f  t h e  c e l e s t i a l  o b j e c t .  The e f f e c t i v e  w a v e l e n g t h  i s  t h e r e f o r e  d i f f e r e n t  f o r  t h e  

FF and t h e  o b j e c t .  

For  r a t h e r  l a r g e  f i l t e r s  such as B, V, R, t h e  r e s u l t  i s  g e n e r a l l y  an a d d i t i o n a l  

sho t  n o i s e  a round lZ wh ich  c o r r e s p o n d s  t o  a s m a l l  quantum e f f i c i e n c y  v a r i a t i o n  

from pixel to pixel. 

Let us i l l u s t r a t e  this ef fect  with an example coming from a Cine-CCO experiment 

(Fort et al. 1984). 

F i g .  7a F i g .  ?b F i g .  7c 

A s t a r  was imaged on a s m a l l  p a r t  o f  a CCD and v e r y  s h o r t  e x p o s u r e s  were  t a k e n  

w i t h  a d i f f e r e n t  p o s i t i o n  o f  t h e  s t a r  on t he  CCD ( f i g  ?a ) .  Th is  random p o s i t i o n  

was o b t a i n e d  by no t  g u i d i n g  t he  t e l e s c o p e .  I t  a l s o  comes f rom t h e  random s h i f t  o f  

t he  s t a r  due t o  mean w a v e f r o n t  a t m o s p h e r i c  t i l t s .  

When we add such 100 e l e m e n t a r y  p i c t u r e s  a f t e r  FF c o r r e c t i o n  we can see t h e  FF 

no~se i n  t he  w ing  o f  t h e  s t a r  h a l o  ( f i g .  ?b ) .  

I f  we use a r e c e n t e r i n g  p r o c e d u r e  b e f o r e  add ing  t h e  100 CCD images ( f i g .  ?c ) ,  we 

have a r e s i d u a l  FF n o i s e  p a t t e r n  l e s s  i m p o r t a n t ,  due t o  smoo th ing  o f  t he  CCD 

r e s p o n s e  on s e v e r a l  p i x e l s  f o r  t he  same p o i n t  o f  t h e  o b j e c t .  

One o f  t he  c o n c l u s i o n s  i n  t h e  e x p e r i m e n t  d e s c r i b e d  above i s  t he  p o s s i b i l i t y  o f  

i n c r e a s i n g  t h e  p h o t o m e t r i c  a c c u r a c y  above 1~ u s i n g  c o m p o s i t e  images .  There i s  

a n o t h e r  and e l e R a n t  way t o  g e n e r a l i z e  t h i s  c o n c e p t  w i t h  t h e  s c a n n i n g  CCD p r o c e d u r e  

(Me Graw 1982, Mackay 1983, Boronson e t  a l  1983 and some o t h e r s ) .  

The t e c h n i q u e  c o n s i s t s  i n  l e t t i n g  t h e  g a l a x y  move a l ong  t h e  columns o f  t he  CCD 

s y n c h r o n e o u s l y  w i t h  a v e r t i c a l  t r a n s f e r t  c l o c k i n g .  In  such a mode. t he  da ta  f o r  



each point of the galaxy have been sampled by 512 d i f f e r e n t  p ixe ls  on the chip. 

Thus p ixe l  to p ixe l  FF var ia t ions  are great ly  reduced. 

I t  is in te res t ing  to i l l u s t r a t e  that in another way with one ga lac t ic  shel l  of  NGC 

3923. We have supposed that such a f a i n t  structure is i d e n t i c a l  along any section 

perpendicular to an isodensity curve. I f  we add a l l  these sections across the 

shel l ,  we can derive a p r o f i l e  with a s i gn i f i can t  signal f a r  below the lec ture  

noise of the CCD, down to one coding step or less. In th is  case i t  is necessary to 

account fo r  the non l i n e a r i t y  at very low f l ux  leve ls  introduced by the A/D 

convector which rounds the signal to an integer number (Fort et a l .  1984). 

Compositing a l l  these sections y ie lds a smoothing of the residual  FF and readout 

error and n o i s e .  

Fig. 8 : P ro f i l e  of an outer f a i n t  she l l  

of NGC 3923 as compared to the r.m.s. 

noise (readout + photoelectron + FF 

noise). RCA/CEA/INAG CCD camera 

(Bouerre et al  1981) Blue F i l t e r  4500 A 

AA = 400 A - r = 30 minutes F/2 CFHT 

3.8 m. 

An empirical rule is that we do not generally increase the signal to noise ratio 

with a pixel charge above 20000 electrons if we do not use a scanning CCD. This 

latter technique makes possible to overcome the accuracy of photoelectric 

measurements (0.005 mag) (Walker 1984) in the particular case of a crowded field 

(thanks to the accurate determination of the sky background). 

Photometry of qalaxies with a foca l  reducer 

New trends for the time being seem to be the development of fast dioptric or 

cathadioptric focal reducers for galaxy photometry. Such optical devices turn out 

to be a perfect match for the small sizes of available fields of view and for 

obtaining good SIB (~ 100) ratios in a short time (Enard 1984, Fort et al 1984). 

As an example, we give in fig. 9 a deep image of the interacting galaxies NGC 6240 

which clearly displays an outer arm extension. 
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Fig 9 : The i n t e r a c t i n g  g a l a x i e s  NGC 6240 (see the  t e x t ) .  
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However, such  systems can introduce op t i ca l  defects l i k e  ghost images and 

scat ter ing halos coming from br ighter  objects in the f i e l d  (op t i ca l  coating 

e f f e c t ) .  

They can also be very powerful tools for  mul t iob ject  spectroscopy. For instance, 

f o c a l  r e d u c e r s  can accomodate  m e t a l l i c  masks wh ich  a re  punched o u t  i n  r e a l  t i m e  by 

t h e  compu te r  d r i v i n g  t h e  CCD camera [ F o r t  e t  a l  1984 ) .  Th i s  k i n d  o f  d e v i c e  w i l l  

p r o b a b l y  be i n t e n s i v e l y  d e v e l o p p e d  on l a r g e  t e l e s c o p e s  f o r  s t e l l a r  s p e c t r o s c o p y  i n  

g a l a x i e s ,  o r  s p e c t r o s c o p y  o f  c l u s t e r s  ( B u t c h e r  1982, D r e s s i e r  and Gunn 1983, F o r t  

e t  a l  t 9 8 4 ) .  

Conclusion 

As very well demonstrated by numerous papers, CCDs are outstanding image detectors 

that  we have not yet learned to use at i t s  best of i t s  p o s s i b i l i t i e s .  They w i l l  

probably allow photometric measurements with an accuracy as low as 0.005 mag and 

overcome the c lass ica l  photoe lect r ic  photometer~ thanks to t he i r  two-dimensional 

aspects. The present l i m i t a t i o n  comes from a rather poor t ransfer  e f f i c i ency  and 

a small format. This second point can be soon overcome by the use of mosaicked 

CCD. I t  seems that  foca l  reducer techniques should be pushed with a high p r i o r i t y  

on large telescopes, mainly fo r  t he i r  mult iaperture spectroscopy capab i l i t i es .  
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D i s c u s s i o n  

R. T e r l e v i c h  : Can t he  p h o t o m e t r i c  a c c u r a c y  be imp roved  by u s i n g  i n t e r m e d i a t e  

band (289 ~] i n s t e a d  o f  v e r y  b road ones and t h i s  r e d u c i n g  t h e  c o l o u r  g r a d i e n t  

change ac ross  t h e  f i l t e r  f o r  F l a t  F i e l d .  

B. F o r t  : I t  seems so,  bu t  I d i d  no t  check c a r e f u l l y  t h i s  p o i n t  because I 

used m a i n l y  b road  f i l t e r s  e x c e p t  a 210 A g reen  f i l t e r  (81 B 2 Z V i g r o u x  sys tem)  

S. D j o r ~ o v s k i  : For t h e  d a t a  dom ina ted  by t he  sky  s i g n a l  ( e . g . ,  f a i n t  

g a l a x i a n  e n v e l o p e s ) ,  t h e  b e s t  f l a t  f i e l d i n g  i s  a c h i e v e d  w i t h  sky median f rames ,  o r  

t h e i r  c o m b i n a t i o n s  w i t h  p r o j e c t o r  lamp f l a t  f i e i d s .  

R. M i c h a r d  : Why t o  pu t  many o p t i c s  i n  f r o n t  o f  y o u r  CCD f o r  g a l a x y  

p h o t o m e t r y  ? 

B. F o r t  : The f i r s t  i dea  was t o  have a f a s t  i n s t r u m e n t  w i t h  a f i e l d  o f  8 

a r c m i n u t e s .  I ag ree  t h a t  f o c a l  r e d u c e r  t e c h n i q u e s  seem more i n t e r e s t i n g  f o r  f a i n t  

s p e c t r o s c o p y ,  o r  P e r o t - F a b r y  o b s e r v a t i o n s .  D i r e c t  imag ing  shou ld  d e f i n i t i v e l y  t a k e  

p l a c e  on p r ime  f o c u s  w i t h  t h e  f u t u r  l a r g e  s i z e  mosa icked  CCDs. 
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Part  of this work is based on data obtained (partly) at  the European Southern Observatory and 

(partly) at  the Canada France Hawaii Telescope 

Classical surface photometry  made with photographic plate has been restr ic ted to wide 

band fi l ter~ such as the UBV or the Gunn system. In contrast the very high sensi t iv i ty of CCD 

al lows the use of narrow f i l ters centered on emission or absorption features which are 

character is t ic  of the physical state of the observed object. 

Emission line intensi ty maps have already been given for several classes of objects, such 

as planetary nebulae or ionized gas envelopes around quasars. Moreover CCD's have even also 

been used as detectors with a tunable Fabry Perot in ter ferometer ,  which is the u l t imate  best 

technique of narrow band photometry.  

Absorption l ine measurements in galaxies have perhaps seemed less a t t rac t ive ,  and al l  the 

published work of CCD surface photometry  has been done in classical broad band systems. In the 

f i rst  part  of this paper we shall make a l ist o~ absorption features which can be used for surface 

photometry ,  and in the second part  we shall present some results that  we have obtained in ear ly 

type galaxies using in termediate band photometry .  

I - ABSORPTION FEATURES USEFUL FOR SURFACE PHOTOMETRY 

To be used for surface photometry ,  an absorption feature  must be broad and deep. 

Obviously the deeper  it is, the easier it can be measured. It must be broad for 2 reasons. First ,  

to obtain a reasonable a c c u r a c y  for absolute photometr ic  measurements ,  the exposure t ime 

must not be too long : l hour seems to be a maximum. Secondly, to achieve an accuracy of 196, 

one needs a t  least  10000 photoelect rons  of night sky ~lone. In one hour, with a 4 meters  class 

te lescope,  this requires a t  least  a 5nm wide f i l ter  in the red, and a 20nmm wide f i l ter  in the 

blue. Moreover, to derive useful information in galaxy evolution, one must observe a large 

sample of galaxies in the same system. Even if the galaxies are se lec ted  inside the same cluster ,  

the velocity dispersion of c lus ter  galaxies, which is of the order of 1000 km/s ,  requires that  

f i l ters  must allow for the Doppler shift ,  and there fore  cover a range of l .Snm in the blue to 3 

nm in the red. These conditions lead to fea tures  which are a t  least  10nm broad. 
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Most o5 the standard absorpt ion features which are used in ste l lar  narrow band 

photometry~ such as the DDO system, are too narrow to be used for surface photometry ,  and 

one is rest r ic ted to a very l im i ted  number of features. 

- In UV, the 390 nm CN band is the most prominent.  It is very  sensit ive to meta l l i c i t y .  

- In the bluer we can use the blue depression at ~00nm. This corresponds to the BI band of 

the Geneva photometr ic  system. I t  is a good meta l l i c i t y  ind icator  for stars of type F2 I l l  to K5 

I l l  (Grenon 1978). 

- In the green the Mg band (Mg I + Mg H) at 517.5nm is the most prominent band. It was 

f irst  included in the  l0 color system of Faber  (1973), and it is widely used as a meta l l ic i ty  

indicator  for early type galaxies (eg. Terlevich e t  al 1980). 

- The red domain is perhaps  less famil iar  to as t ronomers .  Fig I shows a spec t rum of the  

e l l ip t ical  galaxy NGC ~t~72 obta ined a t  the  3.6 me te r  te lescope of ESO in Chili with the Boiler 

and Chivens Cassegrain spec t rograph and a Ret icon.  Unfor tuna te ly ,  all the  n ices t  absorpt ion 

fea tu res  are due to our own a tmosphere .  

N4~72 LI G~'~Z 2 

Figure 1: Red spec t ra  of the  e l l ip t ical  galaxy NGC t~472 

The only band which fulfills our c r i t e r i a  is the  TiO band a t  712nm. Unfor tuna te ly  this  band 

is located be tween  2 H20  absorpt ion fea tu res  and its use requires  some caut ion.  This band is 

not  very sensi t ive to meta l l ic i ty  but r a the r  to the  number  of M s ta rs  in a galaxy. This band has 

been included in the  Wing system (1971)~ and i ts  use for an in teg ra ted  light has been discussed 

by Mould (1976)~ and Mould e t  a / (1980) .  
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This absorpt ion strength must be determined with rerefence to a cont inuum level .  Several 

f i l te rs  can be used to this e f fec t  : 

- U f i l t e r  : a 350 nm f i l t e r  can be used. This is out of the range of a th ick CCD. However 

i t  is in the range of observable wavelengths wi th a thin backside i l luminated CCD such as the 

RCA chip. However,  due to the strong var ia t ion  of the quantum ef f ic iency of these CCD'S wi th 

wavelength in this domain, one must use a f i l t e r  not  wider than 50 nm to ensure that  the 

e f fec t i ve  wavelength of the f i l t e r  + CCD system is not too redshi f ted. 

- Blue continuum. The best compromise seems to be the B2 f i l t e r  of the Geneva system. It 

is centered at  450 nm and is 50 nm wide. It can be used to determine the blue depression, BI -B2,  

and, together  wi th the U and CN 390 f i l ters ,  the Balmer d iscont inui ty  and the CN absorpt ion 

strength. 

- Green cont inuum can be determined with a normal V f i l t e r .  However the OI 577.4 

atmospher ic l ine gives a very high sky level  which decreases the accuracy of the photometry .  

- The red cont inuum can be determined with a f i l t e r  centered beyond H(~. For a thin 

CCD, one must choose a f i l t e r  which comple te ly  avoids the 630 nm OI atmospher ic l ine that  

produces a fr inged background pat tern.  This is not  the case in the 2 most used R f i l ters ,  the 

Gunn and the Mould ones, which have the Ol l ine in their  wings. A 680 nm centered f i l te r ,  50 nm 

wide must be prefered. Such a f i l t e r  is very  simi lar to the Cousin R f i l t e r  for which a large 

amount of stel lar photometry  is avai lable (BesseI 1980). 

- For the red continuum, I f i l t e r .  Two possibi l i t ies exist  : e i ther  a narrow band f i l t e r  at 

750 nm between the TiO band and the H20 atmospher ic band at 760 nm, or a wider f i l t e r  at  g00 

nm. The f i rs t  one may be prefered for low redshi f t  galaxies since i t  a l lows a good determinat ion 

of the TiO band. However,  for large redshif ts (~3000 km/s) the redder f iJter must be used. A t  

longer wavelengths the sky brightness dramat ica l l y  increases. Moreover,  the presence of large 

atmospher ic absorpt ion bands, the intensi t ies of which change on a t ime scale of f i f teen 

minutes (M.Dennefeld, pr ivate  communicat ion) ,  prevents to obtain any absoLute photometry  for 

exposures longer than half  an hour. 

Observations made with combinat ion of these absorpt ion features and cont inuum f i l ters  

can help to determine the stel lar  content  of galaxies, and we present some of our results in the 

second part  of this paper. However,  some care must be taken to obtain meaningful results. First 

some of these f i l te rs  require exposures as long as I hour even with a t~ meter telescope. 

Classical stel lar photometr ic  methods are no loriger val id.  In par t icu lar ,  i t  is hopeless to 

determine accurate ly  the atmospher ic absorpt ion. The best compromise we have found between 

accuracy and a minimum of telescope t ime for standard observat ions is to : 

I) observe galaxies wi th low air  mass 

2) scale each long exposure o f  a ga laxy wi th a short (~Smin)  exposure wi th the fastest 

f i l te r )  usually the R f i l te r .  

3) take from t ime to t ime standard stars of d i f fe ren t  spectral  types. , 
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During reasonable nights this procedure leads to an absolute photometric accuracy of the 

order of O.I magnitude. But the accuracy from point to point in a galaxy is much better,  of the 

order of 0.02 magnitude. This kind of observation is not able for determining the absolute 

strenghs of absorption features, but i t  can be used to determine their spatial variation inside a 

galaxy. Their absolute strength can only be determined by high resolution spectra. 

II - RESULTS ON EARLY TYPE GALAXIES 

We have observed a sample of 20 early type galaxies~ mainly in the Virgo cluster ,  to look 

for color and metal l ic i ty  gradients.  The galaxy types range from EO to Sa, and all galaxies have 

about the same absolute magnitude, from - 20 to - 18, to avoid any sys temat ic  d i f fe rences  with 

luminosity. These observations were made in may 1983 behind the Cassegrain focal reducer of 

the Canada France Hawaii Telescope wi th  the CEA-INAG CCD Camera.  This camera  was set  up 

with a thin backside i l luminated RCA CCD. The pixel size was 0.83 arc second. Due to the large 

chromat ism of the focal reducer we res t r ic ted  ourselves to 3 f i l ters  :B2,  a Gunn R fi l ter  for the 

continuum, and a Mg band f i l ter  (herein a f t e r  Z fil ter) 20 nm wide. 

A comple te  description of the observat ions and of the data reduction can be found 

elsewhere (Souviron 1984, Vigroux e t  al 1984). We shall give here only the main results.  

From the B2 and R f i l ters  we have computed a continuum intensity,  V, a t  the wavelength 

of the Z f i l ter .  We have checked on field stars,  on s tars  in the open cluster  NGC 2682, and on 

stars  in the globular c luster  M92, that  the V-Z index does not present  any variation with tF~e 

spectra l  type of the stars.  However, we have found a d i f ference  of 0.1 magnitude between the 

absolute value of V-Z of the solar metal l ic i ty  cluster  NGC 2682 and the metal  poor globular 

c luster  (M92). Inspite of the fac t  tha t  we do not have a more precise t1"ansformation between V- 

Z and metal l ic i ty  it seems reasonable to assume tha t  V-Z is a metal l ici ty indicator.  

A comparison of our results for NGC 3379 with published data (Vigroux e t  Nieto 1984) 

shows tha t  the accuracy of our photometry  is 0.02 magnitude down to 1% of the sky brightness.  

Several checks,  including galaxy simulation, have shown tha t  we can derive color gradients with 

an accuracy of 0.04 magnitude down to 1096 of the sky brightness.  For each galaxy of our 

sample we have computed a color and a metal l ic i ty  gradient ,  defined as the variation of the B2- 

R and V-Z indices, respect ively ,  between the core radius and t h e i R =  24//~" R isophote.  

Figure 2 displays the trend of color gradient  with galaxy type. In addition to the de 

Vaucouleur RC2 type,  which ranges from -5 for E galaxies to O for Sa, we have introduced other  

types ranging from - I0  for EO to -5 for E5 to take into account  the apparent  el l iptici ty of 

el l iptical  galaxies. There is a continuous trend of an increase of the color gradient  with galaxy 

type.  2 galaxies depart  from the mean correlat ion,  NGC #636, an El galaxy, and NGC6340, a Sa 

galaxy. However,  NGC 6340 is face-on and its disk is highly reddened by dusty spiral arms. The 

surprising result  is tha t  there  is also a t rend within a given ell iptical  galaxy with el l ipt ici ty.  

Since the eUipticity is only apparent ,  we have looked for a correlat ion between the color 

gradient  of el l ipt icals  and a more physical pa r ame te r .  We have found only one correlat ion,  that  

with the rat io of maximum rotat ion velocity to cent ra l  velocity dispersion, V m / ~ ,  as given by 

Davies e t  al (1983) (figure 3). The la t te r  ratio is re la ted to the amount of rotat ional  energy as 
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compared  to random energy in these  galaxies.  The larger  is the  ro ta t iona l  energy,  the  larger  is 

the  color gradient .  The case  of NGC #636 is par t icular ly  in format ive .  This galaxy does not  obey 

the  mean cor re la t ion  of color g rad ien t  with type,  but ,  as it is a fas t  ro ta to r ,  i t  follows well the  

mean cor re la t ion  of color g rad ien t  with Vm/0, .  
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Figure 2 : Color gradient ,  as def ined in the  t ex t ,  in funct ion of the  galaxy type.  
- i0  correspond to EO, -5 to  E5 
- q to - 1 to So and posi t ive number  to spiral .  The color g rad ien t  increase  f rom type -10 to 
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Figure 3 : Color gradient ,  for e l l ip t ica l  galaxies  only, versus the i r  maximum r o t a t i o n  veloci ty  
to the i r  c e n t r a l  dispersion ~eloci ty dispersion ra t io  
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On the contrary the metai l ic i ty gradient, which is present in all the observed galaxies, is 

not correlated with either galaxy type (figure 4) or, for the subsample of el l ipticals with the 

Vm/O-ratio (figure 5). 
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Figure 4 :Metallicity gradient, as defined in the text; versus galaxy types 
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Figure 5 : MetalI ici ty gradient, for el l ipt ical  galaxies only, versus their maximum rotation 
velocity to their central dispersion velocity rat io 
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Another  way to look a t  these  data  is to make a color-color  diagram for each galaxy. Pixels 

were se lec ted  on the  R image according to the i r  R magni tude.  The mean B2-R and V-Z indices 

were obta ined for pixels with the  same R magni tude and are  represen ted  as a point in the B2-R, 

V-Z plane.  Figure 6 displays such a diagram for 3 galaxies,  the  E3 galaxy NGC q365 (tr iangles)  

the  E5 galaxy NGC tttt73 (dots) and the  edge on Sb galaxy NGC 5908 (crosses). There is a c lear  

shi f t  of the  curves  from the  E to the  Sb galaxy. The color gradient  increases  while the  

meta l l i c i ty  gradient  decreases .  Of par t icu lar  in t e res t  is the  in te rmed ia te  position of the  E5 

galaxy. Most of the 5 0  galaxies in our sample also occupy t h i s  i n t e rmed ia t e  position in the i r  

d iagram.  
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Figure 6 : Metal l ic i ty  index versus color index for 3 galaxies,  NGC zt365 (E3, t r iangles) ,  
NGClttt73 (ES, dots), NGC 5908 (edge on Sb, crosses) 

The most stra ight forward in terpretat ion of these results is that  there exists a smooth 

transi t ion between e l l ip t ica l  and spiral galaxies; the size of the disk component increases along 

this sequent% which results in an increase of the color gradient. This disk may even be present 

in e l l ip t ica l  galaxies since we found a corre lat ion between rotat ion ve loc i ty  and color gradient, 

In this picture the rotat ion ve loc i ty  appears as the main parameter which governs the transi t ion 

between galaxy types, 

Atpresent this in terpretat ion should be considered as ten ta t ive  since i t  is derived f rom a 

small sample of galaxies; several observations can strengthen i t ,  In par t icu lar  one can look for 

a disk component in rapidly rotat ing e l l ip t ica l  galaxies by performing very accurate surface 

photometry .  This work is current ly  in progress by our group, 
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This discussion is illustrative of what can be done at present with CCD detectors. Because 

of their high sensitivity and their linearity, they allow to perform very accurate photometry 

with narrow or intermediate band filters, which yields a better knowledge of the physical 

parameters of a galaxy, This kind of work has only began 2 or 3 years ago, but it must certainly 

be considered as a revival of surface photometry. 
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R. Terlevich: Can you comment on the possible contamination by emission lines in your filter. 

especially for the latest Hubble types ? 

L. Vigroux : We may have a problem with the Gunn R filter which contains H~ . Indeed we found 

that most of the nuclei of our E galaxies are quite red. This may be du~ to some ionized gas 

emission rather than to an intrinsically redder steUar population. 

M. Capaccioli : In your talk you alluded to the possibility that E galaxies possess hidden (or 

barely visible) disks. I wish to point out t ha t  in 1976 Barbon, Benacchio and myself made the 

same suggestion on the ground of  similarities in some geometrical properties of the isophotes of 

E and SO's. Our suggestion got almost ignored; I wish that yours will have better luck. 

L. Vi~roux : The crucial test for this hypothesis will be a precise surface photometry of the 

fastest rotator of genuine elliptical galaxies in which, if our hypothesis is correct we may found 

quite strong disk. 

G. Bruzual : How did you test for a corre lat ion between the color gradients that  you find in 

these e l l ip t ica l  galaxies and their  absolute luminosity ? 

L. Vigroux : We have taken the opposite way. We have selected galaxies in a small range of 

absolute magnitude, M B = - 19 -20 to avoid the possible correlat ions with absolute luminosity.  
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Abstract 

Propert ies re la te  d to the spa t ia l  con t i nu i t y  of electronographic data are shown. 

Performances are compared to those of sampling detectors such as CCDs. 

Appl icat ions are proposed where, reso lu t ion ,  large f i e l d  and low noiCe are in 

favour of electronography. 

I - In t roduc t ion  

This session was devoted to the "New aspects of Galaxy photometry" and besides 

s c i e n t i f i c  resu l ts ,  one major conclusion was that  no instrument was ava i lab le  to 

reach a reasonable accuracy in two dimensional photometry before the coming of 

CCDs. So what can we say about electronography which has not been  recognized for  

at least  two decades whereas i t  was the only way of doing two dimensional 

photometry with an accuracy comparable to CCDs ? 

One can ask whether electronography is an overpassed technique or there is 

anything which can be done in a bet ter  way than with new detectors.  When looking 

at the literature, it seems that some people are still working with 

electronography and even are still developping new instrumentation (Blecha 1984 ; 

Scarrott et al. 1983 ; Bely et al 1982). 

Several models are in use all around the world based on electrostatic (Lelievre 

1983, Baudrand et  a l  1982, Kron 1976) and magnet ic (Gr ibova l  and 3ia 198&, Wl~r ick  

et al 1982, Mac Mullan et al 1979, Carruthers 1979) focussings. Electrostatic 

cameras are easier to handle, have lower background noise, allow an electronic 

magnification or demagnifioation but suffer from the size of the field which is 

limited by geometrical aberrations at about #O mm. On the other hand, magnetic 

Focussing allows very high resoiution and low distorsion to be achieved in large 

fields and a 20 cm field camera could be built without major technical problems. 

The French school (Lallemend school) differs from others by the conjunction of two 

ideas which keep the background noise as low as possible : 

- The nuclear plates and the photocathode must be in the same vacuum. 

- The photocathodes must be prepared outside the camera and then transferred 

into the camera in a very clean vacuum. 

To allow the recovery of the nuclear plates without destroying the photocathode, a 
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t i g h t  valve has been placed between the opt ics chamber and the plate holder by the 

Felenbok group in Meudon (Baudrand et al  1982). 

I t  is not easy to compare d i f f e r e n t  detectors since they a l l  have t h e i r  own 

appl icat ion domain. As an i l l u s t r a t i o n ,  photocounting techniques give the lowest 

read out noise among a l l  detectors but are va l i d  only fo r  very pa r t i cu l a r  

app l ica t ions .  But even i f  CCD w i l l  g ive comparable resu l ts  in a near fu ture  with 

the advantage of a much higher quantum e f f i c i ency ,  photocounting techniques w i l l  

hold in the f i e l d  of Speckle in te r fe romet ry  or Perot-Fabry experiments. 

Electronographic and CCD cameras can be thought of having the same kind of 

appl icat ions and t he i r  comparison seems to be more meaningful. Some propert ies of 

both techniques are l i s t e d  in the table below in case of ground observations and 

commonly a v a i l a b l e  c a m e r a s .  

I I  - What could be the advantages of usinq electronoRraphy ? 

We will compare in more details two parameters commonly used for qualifying 

detectors : the DQE and the detectivity. 

I) Detective quantum efficiencv 

Generally the DOE is given for a uniform field but in fact depends very much 

on the modulation transfert function T(u) as shown by relation (I 

(1 )  6 (u) = 6 ' (o)  q T 2 (u) 

where u is the spa t ia l  frequency, q is the quantum e f f i c i e n c y ,  5 (o) q the D.O.E 

fo r  a uniform f i e l d .  

This r e l a t i on  c l ea r l y  shows that  resu l ts  on 6(0) which are dominated by the 

quantum e f f i c i ency  can be completely reversed when looking at high spa t ia l  

frequencies and that  large zero frequency D.Q.E can be d r a s t i c a l l y  reduced by a 

bad MTF. 

At high spa t ia l  frequencies, in sp i te  of a lower quantum e f f i c i e n c y ,  the high 

reso lu t ion  of electronographic cameras can preserve a higher D.O.E than CCDs when 

using small foca l  lengths. In addi t ion th is  allows observations in much larger  

fields. 

2) D e t e c t i v i t y  

The a b i l i t y  of a detector  for  detect ing a f a i n t  s ignal  against a background 

can be expressed as the l i m i t i n g  magnitude m 1. 

An expression is given in (2) 

(2 )  ml= C + m c - 2 . 5  l o g k  - 2 . 5  l o g  ~ + 2 . 5  l o g  F - 2 . 5  l o g  F ( u )  * 2 . 5  l o g  (~ )  

P 



23 

C.O.D. E.C. 

lquantum e f f i c i e n c y  40 7. - 60 7. 157. 

wavelength range 3500 A - I p 3000 - 8000 A 

3ixel size 15 - 30 p few p continuous medium 

resolution 35 - 70 p 15 p 

number of  resolved < 2 105 > 2.5 107 

elements 

background noise 10 - ?0 e r .m.s 5 - ? e r .m.s 

dynamic range 1-30 000 ADU 0.002 - 5.5 D 
11 magnitudes 9 magnitudes 

b r i g h t e s t  s ta r  obser- 
vable w i th  sky at < 18 - 19 < 20 - 21 
S/B ~ 150 sa tu ra t i on  defects no sa tu ra t i on  defects 

response u n i f o r m i t y  

number o f  exposu res  

availability of  da ta  

p h o t o m e t r i c  accu racy  

p h o t o m e t r i c  s t a b i l i t y l  

pixel to pixel 

variations 

smooth v a r i a t i o n  
on a l l  the photocathode 

illimited ~ 20 for no window models 

on time delayed a few hours 
f o r  no window models 

could be 
be t te r  than I X ~ I X 

1l. 1l. 

where C is  a constant, m c is  the sky magnitude, k i s  a confidence c o e f f i c i e n t ,  

i s  a measure o f  the seeing in  arcsec, F is  the f oca l  length o f  the te lescope, F(u) 

is  a parameter depending on the ob jec t  p r o f i l e ,  (S/B)p is  the best s igna l  to noise 

r a t i o  reachable on a p i x e l ,  u is  the size o f  the i n t e g r a t i o n  spot expressed in  

seeing d isk un i t s .  

EverYthing being equal, expression (2) shows tha t  m I depends on the de tec to r  by u 

(and. F(u)) and (S/B) p- 

The l a s t  term is  expressed in  r e l a t i o n  (3) : 

2 2 t 
B I B2 BL + BF 

(3) ( )p = ~p + + N2 

P 
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where 

8 t is the read out noise, 8 F is 

correction equivalent noise, Np 

is the exposure time. 

the background noise, BNp is the f l a t  f i e l d  

is the number of electrons recorded per p i xe l ,  t 

This r e l a t i on  shows that  at low signal  to noise r a t i o  (SNR) - which means Np 

small - the read out and background noises are dominant whereas for  large values 

of Np, high SNR are l im i ted  by f l a t  f i e l d  correct ions (B) at leve ls  which are very 

comparable for  electronography and CCDs cameras. This is we l l  confirmed by the 

photometric accuracy reported in the l i t e r a t u r e  : Sol et al  (1984) report  m v = 

24.9 ± 0.4 for  one hour exposure with the valve electronographic camera at the 

prime focus of the CFHT at Mauna Kea and Mould et al  (1983) report  m v = 25 ± 0.4 

for  40 minutes exposure with a CCD TI 800 x 800 at the prime focus of the Mayall 

Telescope at K i t t  Peak. 

Using t y p i c a l  values, i t  is possible to show that  up to SNR ~ 15 the lower quantum 

e f f i c i ency  Of electronography is overpassed by i t s  lower read out noise and tha t ,  

compared to CCDs, i t  must be preferab ly  used in th is  range. 

The f i r s t  term F(u) is re lated to the opt imizat ion of the i n teg ra t i on  spot to the 

object  p r o f i l e .  This is always possible wi th electronography since nuclear plates 

can be continuously explored. With CCDs th is  is not always the case and in 

pa r t i cu l a r  on focal  reducer observation§ where the scale is genera l ly  about I 

a rsec /p ixe l .  Therefore because of sampling e f fec ts ,  F (u) can vary in the f i e l d  

and the d e t e c t i v i t y  is no more optimized and uniform. 

I I I -  Conclusion 

This d i scuss ion  shows t h a t  pho tomet r i c  performances o f  e l ec t ronog raphy  and CCO 

cameras are very comparable, each techn ique having i t s  p a r t i c u l a r  a p p l i c a t i o n .  

At medium and high SNR, when used in  smal l  f i e l d s ,  w i t h  an a p p r o p r i a t e  sca le  (2 to  

3 p i x e l s  per a r sec ) ,  CCDs are much  b e t t e r  because o f  t h e i r  h igher  quantum 

e f f i c i e n c y .  The d e t e c t i v i t y  o f  both ins t ruments  are very comparable but t h a t  o f  

CCDs could be improved by using scanning techn iques  (Boroson et  a l .  1983) 

which allow a better flat field correction. 

At low SNR (< 15) electronography is better at least until very low read out noise 

CCDs (a few electrons per pixel) are available in Europe. 

In any case, in large fields, the situation favors electronography as the quantity 

- number of resolved elements x quantum efficiency is much larger for 

electronography between 3000 and 8000 A. 

Electronography is p a r t i c u l a r l y  wel l  f i t t e d  and is u s e d  for  photometry of 

galaxies,  g lobular  c lus ters ,  HII regions, nebulae, nebulos i t ies  around quasars 

because of i t s  large f i e l d ,  high reso lu t ion ,  low noise and no saturat ion defects.  
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As a conclusion, where electronographic cameras exist they must be preferentially 

used against other techniques for observations simultaneously requiring the 

properties listed above. This has been the choice made at the CFH Telescope in 

Hawaii (Leli~vre 1983). 

As an illustration of high resolution in a large field, figure I shows a part of a 

picture of H33 in the B band obtained with the large field camera of Paris 

Observatory at the Cassegrain focus of the CFHT (137 p/arsec ; 9 arcmin field) 

As an illustration of the non-pollution of the pictures by saturated objects, 

figure 2 shows a picture of the nebulosity around R Aquarii in the U band obtained 

with the valve camera of Paris Observatory at the Prime focus of the CFHT (72 

H/arsec ; 7 arcmin field). 

fig. I 

M33 , , larc min 

Courtesy of G. Wlerick 

f ig .  2 

R . A q .  ~ , 1 a r c  m i n  

In the future, electronographic cameras could be improved (better photocathodes 

especially in U and B, larger size, better homogeneity e t c . . . )  but i t  appears that 

CCDs are much more fashionable and are expected to improve very fast (larger 

f i e ld ,  better quantum eff ic iency, lower noise) (Janesick et al. 1984) 
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Discussion 

R. M i c h a r d  : Cou ld  someone comment upon t h e  p r o b l e m  o f  l o n g  te rm s t o r a g e  o f  

i n f o r m a t i o n s  t a k e n  w i t h  d i g i t a l  d e v i c e s ,  as compared t o  p h o t o g r a p h y  ? 

J . - P .  P i c a t  : I t  i s  a r e a l  p rob lem wh ich  w i l l  be s o l v ~ i n  a nea r  f u t u r  by access  

t o  o p t i c a l  d i s k s .  

D. Axon : Can you comment on t h e  l i m i t a t i o n  imposed by t h e  e m u l s i o n  

J . - P .  P i c a t :  S t u d i e s  on L4 e m u l s i o n s  have shown t h a t  t a k i n g  i n t o  a c c o u n t  t h e  

m i c r o d e n s i t o m e t e r  i t  was p o s s i b l e  t o  a c h i e v e  S/B ~ 100 w i t h  spo t s  o f  abou t  30×30 

p2 f o r  an opt imum d e n s i t y  t . 5 .  G e n e r a l l y  Kodak e m u l s i o n s  are  more u n i f o r m  t han  

I l f o r d  one.  

D. A×on : How l i n e a r  a re  t h e  new Kodak e m u l s i o n s  ? 

3 . - P .  P i c a t :  They are  comparab le  t o  I l f o r d  e m u l s i o n s  o f  t h e  same speed.  



FOOD FOR THE PHOTOMETRISTS - FAINT GALAXIES REVEALED 
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The photographic plate was for many years the only useful detector in astronomical 

photometry and the unique properties of the photographic process ensure that the 

fruitful union of photography and astronomy will continue well into the electronic age. 

There is no doubt however that the role of photography is changing and as 

two-dimensional arrays improve in size and sensitivity the unique properties of the 

photographic process, which cannot be duplicated by electronic detectors, assume a 

greater importance. 

It is interesting to note in this connection the phenomenal storage capacity of 

photographic plates and their extreme uniformity over large areas, two apparently 

unconnected properties, are the very properties which not only justify their continued 

use but are the most difficult to duplicate electronically. One has only to use a 

modern CCD detector ah the prime focus of a large telescope to appreciate firstly how 

much information there is, even in a "300 mm 2 section of the image plane and secondly 

how careful one must be to ensure an adequate and appropriate stock of bias frames and 

flat fields to obtain photometrically or even visually satisfactory results. Neither of 

these are significant problems with photographic plates, which, while less sensitive by 

perhaps an order of magnitude are uniform over areas which are hundreds of times greater 

that even the largest planned CCD. (See Cannon, 1984 for a more rigorous comparison). 

In this note I intend to emphasize the advantages of the photographic plate in 

exploring the large-scale structure of objects, especially the fainter features and low 

surface brightness companions of galaxies and galaxy clusters. 

The principal technique for this is photographic amplification (Malin, 1978), a 

simple, contact copy process which is ideally suited to revealing faint objects, 

especially on fine grain IIIa-type emulsions. It has been shown recently that this 

process can reveal,ona single plate extended objects which are 5.5 magnitudes fainter 

than the night sky (Malin 1984) and work is now in progress to combine many plates to 

extend this to fainter limits. The technique compares well with digital image 

processing (Couch et al 1984) and is much faster; a full 356 x 356 mm plate can be 

copied and examined in less than 60 minutes, compared with many hours for digital 

scanning. The techique is for the present entirely qualitative but in principle the 

results could be calibrated to produce quantitative photometric data. A fuller 

discussion, illustrated with many examples has recently appeared (Malin 1984). 
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Additional examples are described here to illustrate the power of the photographic 

technique and its ability to extract new information from plates taken for other 

purposes and to provide new and challenging targets for galaxy photometrists. 

NGC 1407 is the dominant EO galaxy in the extended southern cluster which straddles 

the Eridanus-Fornaxborder. Both NGC 1407 and its E1 companion NGC 1400 (galaxy types 

from de Vaucouleurs et al, 1976-RC2) have extremely smooth radial luminosity profiles 

with no evidence of tidal interaction between the two. The most remarkable feature of 

the field however is the large number of low surface brightness galaxies of the kind 

described by Sandage and Binggeli (1984). These galaxies, arrowed in Figure la, are 

either invisible on the original IIIaJ plate or are just seen as faint, usually 

spherical blobs without any central condensation. In the few cases where there is a 

nucleus it appears stellar. These features and their large angular size readily 

distinguish this class of galaxy from background objects. The distribution of these 

galaxies is clearly centered on the cluster but without any strong central condensation. 

The print of Figure la was made by superimposing high Contrast derivatives from three 

sky-limited IIIaJ plates taken at the 1.2m UK Schmidt Telescope and the faihtest 

examples shown here have a central surface brightness of about 27.5 mag arc sec -2 in the 

IIIaJ passband (395-'540nm). Figure ib represents the visual appearance of one of the 

IIIaJ plates as seen on the usual kind of light table. 

It should be emphasized that these galaxies are not rare but the large numbers 

reported in this example can only be found by the special photographic techniques 

referred to earlier. The examples reported by Sandage and Binggeli in the Virgo cluster 

are only the brightest members of a considerable population associated with that 

cluster. 

IC 1459 is the largest angular size of a loose group of galaxies whose most 

conspicuous member is NGC 7418. The field illustrated, which covers the same angular 

extent (about 35 x 57 arc min) as Figure l, also contains several of the distinctive low 

surface-brightness galaxies which were seen in the earlier illustration~ though their 

number and density is lower in Figure 2, they are mostly of greater angular size. IC 

1459 itself is the dominant galaxy in Figure 2 which was made from combining the 

photographically amplified images from two sky-limited IIIaJ plates from the UK Schmidt 

Telescope. Although distinct traces of outlying spiral structure are evident on the 

photograph, this galaxy is classified as E3 in RC2. Apparently associated with IC 1459, 

and about 7 arc min to the SW is IC 5264, an edge-on disc galaxy which is seen to be 

crossed by a dust lane typical of a spiral on shorter exposure plates. The evidence of 

association is slender but compelling; from the western extremity of the edge-on spiral 

emerges a long thin tail of luminous material whose center of curvature is similar to 

that of the diffuse spiral arms of IC 1459. 
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Figure I, the field of NGC 1407 
Figure i: The arrows indicate many large, low surface brightness galaxies apparently 

associated with the NGC 1407 cluster in Eridanus (a, top). These galaxies are mostly 
invisible on an original deep UKST IIIaJ plate (b, below) and have been revealed here by 

combining the photographically amplified derivatives from three such plates. Scale bar 

- 20 arc mins. 
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About 20 arc min south of these two is NGC 7418A, a large, faint highly disturbed 

spiral galaxy, almost invisible on the original plate. However there does not appear to 

be any other object near enough to have caused the evident disruption. The extremely 

clumpy distribution of stars in the this galaxy, where star formation is apparently 

vigorously underway contrasts strongly with the smoother, diffuse spiral arms of IC 1459 

and suggests that the structures in this latter may be due to interaction with its 

nearby disc companion. 

NGC 4696 is the dominant galaxy of the Centaurus cluster, partly visible in the 

upper right (NW) corner of Figure 3. This print was made by combining photographically 

amplified derivatives of three deep IIIaJ plates made by Malcolm G. Smith at the prime 

focus of the CTIO 4m telescope. As in the previous illustrations, many low surface 

brightness galaxies are revealed by the photographic technique and on deeper versions of 

this image the envelopes of NGC 4696 and NGC 4709 appear to overlap. Apart from the 

smooth large-scale non-uniformities in the field from the outer envelopes of the major 

galaxies there is some evidence here of patchy nebulosity at the limit of detection of 

this print. Since these plates were taken in 1975 near the solar minimum we can assume 

that the night sky was very dark, probably 23 mag arc sec -2 which implies that the 

faintest features seen in this photography surface brightness of 28 mag arc sec -2 or 

even fainter. 

The most striking object in this 3-plate composite is long, diffuse but lightly 

curved jet-like structure which runs roughly diagonally, SE-NW, about 3.3 arc min south 

of NGC 4709. This jet appears to point towards (or emanate from) the nucleus of NGC 

4696, a galaxy which itself is a strong x-ray source (Mushotzky 1980) and which has a 

distinct dust lane near the centre of luminosity (Shobbrook 1966, Jorgensen et al 1983). 

The jet can be traced over almost i0 arc min of the central regions of the cluster, but 

appears to terminate quite abruptly in the centre of Figure 3. The brightest part of 

this jet is distinctly brighter than the most luminous of the diffuse features mentioned 

above and has an estimated surface brightness of 27 (B) mag arc sec ~ The reality of 

this unique feature has been confirmed on plates taken on the UK Schmidt Telescope. 

Colour Photography 

The superimposition technique which was used to combine plates of the same passband 

to reveal the intriguing objects described above can also be used to combine positive 

derivatives of plates of different passbands. If the positive from a B plate is 

combined using blue light with a V band positive in green light and an R positive in red 

light and these images are recorded in a positive-working colour material, full colour 

images are obtained. These pictures reveal in one photograph the subtle colour 
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Fi@ure 2, the field of Ic 1459 
Figure 2: Low surface brightness galaxies in the field of IC 1459 (upper centre). 
E3 galaxy shows very faint but extensive spiral structure in this photographically 
amplified print. 

This 

Figure 3, the field of NGC 4696 
Figure 3: A jet-like structure in Centaurus cluster of galaxies revealed by 
photographic amplification on plates taken on the CTIO 4m telescope. 
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gradients which distinguish Population I and II stars in a galaxy or the effech of dust 

on the colour of starlight. These colour phenomena are of course well-known to 

astronomers but are difficult to reproduce photographically. Such pictures are a 

surprisingly useful means of gaining new insights into familiar objects for both the 

professional astronomers and layman alike and have been widely published. Regrettably 

it was not possible to reproduce colour pictures in these Proceedings but a recent book 

(Malin and Murdin, 1984) contains many examples and a full description of the techniques 

used to produce them. A colour slide showing the Local Group Galaxy, NGC 6822, well 

resolved into stars of dintinctly different colours was shown and discussed. 
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Discussion 

F. Schweizer : In your colour combination work, how do you balance the different 
characteristic curves of different emulsions, or do you use one emulsion with three 

colour filters? 

D. Malin : I use standard B, V and R plate/filter combinations, ie., IIaO/GG385, 
IIaD/GG495, 098-04/RG610 or 630; these are copied to produce positives and the 
characteristic curves normalised at that stage, which can also incorporate photographic 
amplification and unsharp masking techniques. Fuller details can be found in Vistas in 
Astron. 24 219 ~1980) and a complete description of all aspects of this work can be 
found in the Technical Appendix of our book, Colours of the Stars by Malin and Murdin, 

CUP, 1984. 

R. Terlevich : I would like to point that the resolution in the Local Group Galaxies 
is independent of the type of detector and depends only on the seeing. The main problem 
is crowding of the field when trying to reach the main sequence stars. 

D. Malin : Of course, but colour differentiation as seen here acts as an extra 
discriminant which is especially useful in very crowded fields. 
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Summary 

The development of fast, computer-controlled microdensitometers has provided a 

whole new dimension in the high-speed extraction of data from astronomical 

photographs, enabling the potential of these photographs to be fully exploited by 

digital means for the first time. Several such systems are either already in 

operation throughout the world or will become so in the next few years. 

In this paper we summarise the main features of these machines, describe their 

advantages and disadvantages and discuss their suitability for galaxy photometry. 

Finally, we describe the main areas where these machines can be of benefit to 

astronomers, some results which have already been obtained and expectations for 

the future. 

I. Introduction 

The advent of high-speed plate scanning machines represents, in my opinion, one of 

the most important recent advances in the field of galaxy photometry. The 

significance of these machines lies in their ability to produce large quantities 

of data which are directly amenable to statistical examination. 

In this paper, I will not discuss PDS machines although these are generally also 

computer-llnked, and indeed a new generation of higher speed PDS machines is 

currently under development. The main discussion herein will be concerned with 

other types of high-speed microdensitometer which are currently either in 

operation in different parts of the world or are under development. 
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But first, some explanation is required as to why these high speed machines are 

necessary. On any single photographic plate taken with a modern wide-angle 

Schmidt camera there are ~ 109 pixels (i.e. i Giga pixels) of information at i0 

micron resolution. Such plates record the images of typically several hundreds of 

thousands of stars and galaxies down to a limiting magnitude of B ~ 22-23. Each 

plate represents, in fact, a vast storehouse of information. In order to cover 

the whole sky in one passband, some 2000 plates are required (~ 2 x 1012 pixels), 

and astronomers usually like to work with plates in several passbands (e.g. U, B, 

V, R and I). Thus, in total there are about ~1013 pixels of information for the 

whole sky down to depths reached by Schmidt telescopes. Added to this must be 

taken into consideration the significant number of photographs taken with larger- 

scale telescopes (e.g. of ~ 4m size) and reaching fainter limits. There is, 

therefore, a vast wealth of information to be extracted, information which the 

astronomer requires in a form suitable for analysis. The purpose of these 

machines is to extract that information and make it available in quantised form to 

astronomers. 

We have seen from contributions at this meeting that the use of CCD's is fast 

producing an alternative information recording mediun to photographic plates. 

However, at present these CCD devices are restricted to exposures of small areas 

of sky and it will not be for several years yet that they will super&ede 

completely photographic plates. Even so, Capaccioli (these proceedings) has 

outlined possible dangers in the use of CCD's for galaxy photometry. It is more 

than likely that high-speed measuring machines will have an important role to play 

in the field of galaxy photometry for many years to come. 

2. The machines 

The main high-speed machines are summarised in the table below. Also indicated is 

the time taken (or will be take~ for each machine in order to scan a whole 

Schmidt plate. The figure in brackets is the time that will ultimately be 

achieved by each machine after all development work is carried out and represents, 

therefore, the minimum time envisaged. 



Machine 

* COSMOS (UK) 

* APM (UK) 

85 

Time taken to scan a 
Schmidt plate (hours) 

4 (3) 

KIDS (Japan) 16 

ASTROSCAN (Netherlands) > 20 

* MINNESOTA (USA) < i0 

USNO (USA) 8 

(5) 

MAMA (France) 4-6 

FIRST (ESO) 8 (4) 

Machines marked with asterisks are ones which use a flying spot scanning system 

with single element detection (e.g. photomultipliers), while the others use either 

line or area illumination with a line or area multi-element detector (CCD or 

reticon) o The machines above the solid line (COSMOS and APM) are at present in 

production, scanning a whole Schmidt plate in a matter of a few hours. The 

machines between the solid and broken lines are in production mainly for small 

areas of plate, while the machines below the broken line are undergoing 

development and it is hoped that they will be ready in late 1985 or early 1986. 

At present, the COSMOS machine is scanning at a rate of 3 whole Schmidt plates 

each day and has the capacity for doubling this figure. Thus, already astronomers 

have access through these machines to vast quantities of data and much more will 

become available before long. 

3. Performance of the machines 

Although there are many differences between the various machines (mainly in their 

design characteristics), there are also many similarities, especially in their 

performance and function. The pixel size used is typically in the range of 7-16 

microns, they are (or will be) capable of scanning a Schmidt plate in a few hours 

and of scanning a few Schmidt plates per day. Some machines do more on-line 

processing than others, although they all have similar measurement modes (i.e, a 

'search' mode for rapid plate scanning and image identification, and a 'fine' mode 
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for more sophisticated types of processing on particular subsets of images), and 

similar accuracies (i.e. positional accuracy of a few microns, photometric 

accuracy of O.l-0.2m for galaxies and major and minor diameters and orientations 

to a few %). The machines generally produce similar parameters for images and 

information enabling star/galaxy separation to be carried out. 

There are several advantages to the machines. We have already seen that they are 

very fast. Furthermore, the measurements are carried out accurately, objectively, 

without effort and with high repeatability and exceedingly large numbers of images 

can be handled easily. The main disadvantage lies in the fact that they have a 

limited dynamic range, only being able to reach densities of ~ 2.5. The reason 

for this lies in the presence of a "halo" surrounding the spot of spot-scanning 

machines and the presence of scattered light (from the emulsio~ in the line or 

area scanning machines. Certain developments are underway to attempt to mlnimlse 

these problems. However, the effect is only important when dealing with bright 

galaxies. 

4. Hish-speed machines and salaxy photometry 

What can high-speed machines do in the area of galaxy photometry? For bright 

galaxies, they are perhaps not ideally suited for the reasons stated above, viz. 

that with the limited dynamic range they cannot provide any meaningful information 

in the central regions of bright galaxies. In these situations it is better to 

use a much slower PDS machine which can reach the high densities required or to 

use a CCD device on a small telescope. 

The main impact of these machines, I believe, is in the photometry of faint 

galaxies, for which they are well suited and have a photometric accuracy as good 

as a PDS machine. Because of this, their main use will be in the area of large- 

scale survey-type work involving large numbers of faint objects on large numbers 

of plates covering large areas of sky. The very real possibility now presents 

itself of producing catalogues similar to the Lick galaxy catalogue (Shane and 

Wirtanen 1967) and the rich cluster catalogue of Abell (1958), but based purely on 

machine measures. The main advantage of such machine-based catalogues is in their 

completely objective nature, removing the presence of subjective biases and 

allowing selection effects to be quantified. These subjective biases have 

undoubtedly influenced the production of previous catalogues and may be evident in 

the results obtained therefrom (e.g. MacGillivray and Dodd 1984). Other 

advantages of a machine-based survey are in the quantitative nature of the 

catalogues (allowing many parameters to be available for statistical study) and in 

the accuracy of the parameters recorded. 
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5. Results 

First results from machine-based catalogues have been highly encouraging. For 

example, there is now strong evidence that the two-point correlation function for 

galaxies shows a break at smaller angular scales, ~ 3h -I Mpc (Shanks et al. 1980), 

than obtained in the Lick galaxy data, ~ 9h -I Mpc (Groth and Peebles 1977). From 

analysis of the distribution of very faint galaxies on deep 4m telescope plates 

(down to B = 24 and R = 22), evidence has been obtained for the possible presence 

of evolution in the luminosities, eolours and clustering of these faint galaxies 

(see Shanks et al. 1984; Stevenson et al. 198~. If verified from further work 

then the last result could indicate that clusters of galaxies have grown during 

relatively recent epochs (z< 1.0). However, these are still early days in the 

analysis of data from high-speed machines, only a small fraction of the sky having 

been examined in any detail to date. Clearly, continuing these investigations 

should provide more extremely interesting results and may help with an 

understanding of the clustering and evolution of galaxies in the Universe. It 

should be stressed that this type of investigation is only possible in a practical 

sense through the existence of high speed plate-measuring machines. 

6. Expectations 

What does the future hold for these high-speed machines? Before long large angles 

of sky will be surveyed to faint limits. A project is already underway with this 

in mind using COSMOS (e.g. MacGillivray and Dodd 1983, 1984). Such surveys will 

provide a vast body of information which will be suitable for statistical 

investigation. Ultimately, this will provide a means for examining (objectively 

and accurately) the properties and large-scale distribution of galaxies. 

In conclusion, high-speed plate scanning machines have an essential part to play 

in helping with an understanding of the structure and evolution of the Universe on 

large scales. The future of these machines promises to be extremely fruitful. 
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DISCUSSION 

R Terlevich : If you would have to decide about the future Prime Focus facility on 

a 4m telescope, would you decide for a sophisticated photographic camera or an 

array of CCDs, bearing in mind your interest in the colours of high redshift 

galaxies? 

H T MacGillivray : For work on small angles of sky, such as the central regions of 

high redshift clusters, I would agree that the use of a CCD would be more 

efficient. However, for work on large angular scales (e.g. studies of the 

environment of clusters and the large-scale distribution of galaxies), then at the 

present time I think photographic plates are more useful. For this reason, I do 

not think that the ability to do prime focus photography on 4m telescopes should 

be excluded. 



RESULTS FROM SURFACE PHOTOMETRY OF EXTENSIVE SAMPLES OF GALAXIES 

Sadanori Okamura 
Kiso Observatory, Tokyo Astronomical Observatory 

Mitake-mura, Kiso-gun, Nagano-ken, 397-01 

In spite of increasing use of CCD, wide-angle Schmidt plates will remain 

important material for years to come to form a photometric data base for large 

number of galaxies. Huge amount of information contained in a Schmidt plate 

can be most efficiently extracted using a fast plate scanning machine and a 

powerful image data processing system. We report the results obtained from a 

photometric project which we have been carrying out for six years using the 

105cm Schmidt telescope at Kiso Observatory. These results may demonstrate 

capabilities of Schmidt plates for extensive photometric survey works. Since 

details of the project, data reductions and analyses are published elsewhere 

(Okamura 1984; Watanabe et al. 1982=Paper I, 1984=Paper IV; Watanabe 1983= 

Paper II; Okamura et al. 1984=Paper III; Kodaira et al. 1983; Ichikawa et al. 

1984), only a brief summary is given here. 

Two-dimensional V-band luminosity distribution is obtained for 261 galaxies 

on the basis of the plates taken with Kiso Schmidt telescope. Most of the 

galaxies are members of either the Virgo Cluster or the Ursa Major Clouds, both 

lying at nearly equal distance. Four parameters are defined for each galaxy 

using the generalized radial profile (cf. Papers I and II) within the limiting 

magnitude of 26 mag arcsec -2 They are diameter in logarithmic scale (logD26; 

in units of 011), integrated magnitude (V26), mean surface brightness (SB) and 

mean concentration index [X l(P)]. The last parameter, X1 (P), represents the 

degree of luminosity concentration towards the galactic center. It is a good 

measure of both profile shape and intrinsic surface brightness (Paper III). 

The XI(P) versus SB diagram can be used as a tool to investigate galaxy 

content of distant clusters independent of color indices. It is noted that 

clusters out to several hundred Megaparsecs could be studied with the data 

from Wide Field/Planetary Camera of the Space Telescope. 

The principal component analysis is performed on the following five samples 

composed of galaxies for which membership is certain from radial velocity 

measurement; standard sample (N=201; E, SO, S, Irr), E sample (N=I8; E), 

D sample (N=I51; SO, S, Irr), Virgo sample (N=167; E, SO, S, Irr) and UMa sample 

(N=34; E, SO, S, Irr). It is known from previous studies that both samples of 

disk galaxies and samples of ellipticals have two-dimensionality. This is 
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Figure i. Distribution of galaxies in the standard sample projected onto the 
plane defined by two dominant factors Y1 and Y2. Relations between (YI, Y2 ) and 
two dominant factors for D sample, (YID, Y2D), and E sample, (YIE, Y2E), are 
illustrated. 

confirmed for D and E samples. Main result of our principal component analysis 

is that two-dimensionality is found to be valid for the standard sample comprising 

galaxies of all morphological types. This means that both ellipticals and disk 

galaxies are distributed in the same plane in the space of [logD26, V26, SB, 

Xl(P)]. Figure 1 shows the distribution of galaxies in the standard sample 

projected onto the plane defined by two dominant factors Y1 and Y2" Relation 

between (YI, Y2 ) and two dominant factors for E sample (YIE' Y2E ) is also 

illustrated. It is noted that two dominant factors for D sample, YID and Y2D' 

are almost identical with Y1 and Y2- Examinations of the orientation of original 

parameter axes projected onto the plane defined by two dominant factors reveal 

that (YI, Y2) plane is essentially the same plane as those found in previous 

studies. No significant difference is found in the results of the principal 

component analysis between Virgo sample and UMa sample(Paper IV). 

Projections onto (YI, Y2) plane of log D26 and SB axes are almost orthogonal 

to each other. Accordingly, we propose to use (logD26, SB) instead of (YI' Y2 ) 

as the basis of a quantitative classification and construct the diameter versus 

surface brightness diagram, which we call DSBD. 
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Recently, two-dimensional B-band luminosity distribution was obtained for 

some 60 dwarf ellipticals in the Virgo Cluster on the basis of two large scale 

plates taken with 2.5m du Pont telescope (Ichikawa et al. 1984). When we plot 

these dwarf el~pticals in DSBD together with normal ellipticals in a standard 

sample, we find that dwarf ellipticals appear to form a separate sequence from 

that of normal elliptieals. This may be a hint of possible structural 

discontinuity due to different formation histories. 

We are going to extend our photometric data base to all northern galaxies 

in the Revised Shapley-Ames Catalog (Sandage and Tammann 1981) using Kiso Sehmidt 

telescope and a computer system capable of efficient image data processing which 

will be introduced at Kiso observatory soon. 

The author would like to thank all the collaborators in this project and 

the staff of Kiso observatory for their support. This work was supported in 

part by the scientific Research Fund of the Ministry of Education, Science and 

Culture (#59065002). 
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DISCUSSION 

F. Simien : How accurate is your determination of integrated magnitudes ? 
The center of a galaxy is probably overexposed on the Schmidt plate. How do you 
calibrate ? 

S. Okamura : A comparison of our ~6 with V T in RC2 for 141 galaxies yields a 
regression line of VT=0.96 V26+0.38 with a standard deviation of 0.20 mag. This 
value, 0.20 mag, may indicate the accuracy of our magnitudes. We exclude the 
very central region of a galaxy when we compare photographic luminosities with 
multi-aperture photoelectric magnitudes (cf. Paper II). 

M. Capaccieli : How do observational errors affect your conclusions and on which 
basis did you select V26 instead of other levels ? 
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S. Okamura : Presence of large observational errors, i.e. scatters, would produce 
spurious components, i do not believe that such large errors are present in our 

data. More important thing is the selection effect. Our analysis is based upon 
galaxies with IogD26<1.2 and V26~14. We are interested in the mass distribution 

in galaxies. Near infrared band would be most appropriate. A large compilation 

of good plate material in near infrared band would take quite a long time. The 

V band was chosen as a compromise and efforts were made to reach as faint level 
as possible. I agree with you on that V26 system is rather inconvenient for 
comparative studies. 

R. Terlevich : Those previous studies on the second parameter behaviour of 
ellipticals and spirals show that it is related to kinematical properties and 
colour or abundances. Your data refer to the surface photometry of ellipticals 
and spirals. It is not clear to me that these two different 3-D spaces can be 

intercompared. I believe your results refer to a different bi-parametric 
behaviour that is not necessarily related to the LB, ~, Mg2 described previously. 
It is certainly very interesting that hi-parametric behaviour occur in two 
different 3-D spaces. But I do not believe that they are the same. Occurrence 

of both is important and intriguing. 

S. Okamura : Reasons we believe that the two planes are the same are the 
following. (1) Both our E sample and your samples of ellipticals have two- 
dimensionality. (2) Orientation of M (magnitude) vector with respect to the 
factor plane is almost identical among the samples. (3) Ratio of eigenvalues, 

ii/~2, is similar between the two studies. 

D. Axon : One of the major problems in the principal component analysis is to 
decide which components are significant. In your case you suggested that the two 
principal planes in E and D systems are aligned. Most of the power is in the 
first eigenvalue. Is the dimensionality really 2 only? How did you test 

whether the two planes are really aligned? 

S. Okamura : For E sample, the third factor carries only 3% of the total 

variance, which is comparable to the scatter due to observational errors. For 
standard sample, however, the third factor carries 7% of the total variance. 
Its significance may be marginal. The distribution in factor space of galaxies 
in standard sample demonstrates that both ellipticals and disk galaxies lie 

nearly in the same plane. 

S. Djorgovski : Several things are necessary for the principal component analysis. 
First, the data ellipsoid should be a multivariate Gaussian; second, the 
selection effects can substantially change the shape and orientation of the data 
ellipsoid; third, one must scale the input quantities very carefully in order to 
assess the significance of eigenvalues; and finally, the relations between the 

input quantities and eigenvector components must be linear. 

S. Okamura : Thank you for your comments. 



HIGH RESOLUTION IN GALAXY PHOTOMETRY AND IMAGING 
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1 - O b s e r v a t o i r e  de T o u l o u s e ,  14 Avenue Edouard B e l i n  
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2 - C .F .H .  T e l e s c o p e  C o r p o r a t i o n ,  p . o .  Box 1597 

Kamuela,  HI 96743,  USA 

I - I n t r o d u c t i o n  

Recent  y e a r s  have w i t n e s s e d  t h e  scope o f  t h e  use o f  g r o u n d - b a s e d  h i g h  r e s o l u t i o n  

o b s e r v a t i o n s  t o  s o l v e  some e x t r a g a l a c t i c  a s t r o p h y s i c a l  p rob lems  w i t h o u t  w a i t i n g  

f o r  t h e  l a u n c h i n g  o f  t he  Space T e l e s c o P e .  I t  has become a l r e a d y  c l e a r  t o  many t h a t  

t h i s  new ly  a c c e s s i b l e  r e s o l u t i o n  r a n g e  w i l l  a l s o  be a p e r f e c t  p l a y g r o u n d  f o r  

p r e p a r i n g  Space T e l e s c o p e  o b s e r v a t i o n s .  

Hav ing  i n  mind t h e s e  two a s p e c t s  o f  h i g h  r e s o l u t i o n  i n  t he  c o n t e x t  o f  t h e  p r e s e n t  

c o n j o n c t u r e ,  we s h a l l  p r e s e n t  some s p e c t a c u l a r  examples o f  t h e  h i g h  r e s o l u t i o n  

reached  f rom t h e  g round  and d i s c u s s  a few p rob lems  t h a t  h i g h  r e s o l u t i o n  

o b s e r v a t i o n s  i n  g a l a x y  p h o t o m e t r y  and i m a g i n g  are  a b l e  t o  t a c k l e  ( S e c t .  I ) .  Th i s  

w i l l  be i l l u s t r a t e d  by some r e c e n t  r e s u l t s  ( S e c t .  I I ) .  S e c t i o n  I I I  i s  d e v o t e d  t o  a 

discussion on th~ several possibilities to still improve the high-resolution .i 

obtainable from the ground. 

II.a The high resolution obtainable from the qround 

It has been a tradition of high resolution at Pic du Midi Observatory. Spectacular 

results from solar, planetary and galactic observations have been shown in 

s e v e r a l  i n s t a n c e s .  R e c e n t l y ,  a few r e s u l t s  in e x t r a g a l a c t i c  as t r onomy  have s t a r t e d  

t o  appea r  ( N i e t o  and A u r i e r e ,  1982 ; C o u p i n o t  e t  a l . ,  1982 ) .  

The most  s p e c t a c u l a r  r e s u l t s  on t h e  h i g h  r e s o l u t i o n  o b t a i n a b l e  a t  Mauna K e a  have 

been p r e s e n t e d  i n  s e v e r a l  i n s t a n c e s  by d i f f e r e n t  o b s e r v e r s  and a re  r e g u l a r l y  

m e n t i o n e d  i n  CFH i n f o r m a t i o n  b u l l e t i n s .  S e v e r a l  e x p e r i m e n t s  such as s t a r  t r a i l s  o r  

o t h e r  VHR o b s e r v a t i o n s  have reached  a r e s o l u t i o n  o f  abou t  0 " . 3  on s h o r t  e x p o s u r e  

images .  
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- short exposure (durat ion ranging from a few tenths of a second to a few seconds) 

images correspond to the accumulation of speckles so that  the image is now 

continuous and i t s  s t ruc ture  is  essen t i a l l y  af fected by b lu r r i ng .  

longer exposures are af fected by both the var iab le  b lu r r i ng  of the image and the 

image motion (d isplacing the centroid of the d i f f e r e n t  short exposure images) 

during the exposure. These longer exposures depend on only the Fried (1966) 

parameter, ro, defined as the diameter of a zone where the quadrat ic mean of the 

phase displacement of the wavefront is less than I square radian. I f  the diameter 

of the telescope is D > 4ro, the reso lu t ion  of a long exposure is l im i ted  by the 

atmosphere at ~ 1.2 A/ro,  A being the wavelength of the observat ions. 

This value of r 0 is between I0 to 20 cm in average observator ies (note the 

inf luence of the wavelength of the observations since r 0 ~ A s/5) but i t  can become 

larger  than 30 cm at 6000A (Racine, 1983; t h i s  corresponds to those nights where 

the FWHM at Mauna Kea is be t te r  than 0."5) and even . . .  ¢Ocm (Thompson and 

Ryerson, 1984). A 37cm observation for  5 minutes at the Cassegrain focus have been 

also reported (FWHM = 0 . "35) .  At Pic du Midi Observatory, an r 0 of 25 cm has been 

measured at 5000 A (Coupinot, lg84).  Unfor tunate ly  no histogram of r 0 is ava i lab le  

for  these two s i tes .  

To improve the reso lu t ion  of the observat ions, the use of a fas t  detector  

c e r t a i n l y  allows shorter exposures whose images w i l l  be free of any wavefront t i l t  

or image motion. Hecquet and Coupinot (19B4) have discussed and observa t i6na l l y  

confirmed the maximum gain in reso lu t ion  of short exposures over long exposures 

being ~ 2 for  D/r 0 = 3.4. I t  then turns out that  too large a telescope is not 

r e a l l y  requested for  improving the reso lu t ion in such a way. Apparently, except 

for  excep t iona l l y  high values o f  r 0 (which could be the case at Mauna Kea), the 

above mentioned high values of  r 0 suggest a I to 1.5 meter telescope i d e a l l y  

suited for  th is  purpose. 

A f u r t he r  improvement of image q u a l i t y  would be not only to shorten the exposures 

but also to select  the bet ter  short exposure images. Again the improvement depends 

only on D/r D. I t  is  given in table I (from Hecquet and Coupinot, 1984). 

For a D/r 0 ~ 8 or 9 (r 0 = 40 cm at the CFH or 25 cm at Pic du Mid i ) ,  10 Z of the 

images have a reso lu t ion  2.6 x that  of the long exposure ones  a n d  I Z reach a 

fac to r  3. I t  is of the uppermost i n t e res t  to "catch" these images, unspoiled by 

the con t r ibu t ion  of  the others: since an r 0 = 40 cm means an FWHM ~ 0."3,  10 ~ of 

the images during such a n ight  would have a reso lu t ion  (be t te r  than or) of ~ 0."15 

- 0 . "12  ! !  
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II.b Some astrophysical oroblems 

Generally speaking, a step $orward by a factor of 2 in resolution is a great 

improvement since the image blurring has diminished by a factor of 4. Any problem 

resolvable at a sub-arc second level (= 75 pc at the distance to the Virgo 

cluster) does not need to wait for the Space Telescope to be tackled. We list here 

some problems that we have investigated for which high resolution has played a 

determining factor (in galaxy photometry and imaging). 

i .  D e t a i l e d  s t r u c t u r e s  of e x t r a g a l a c t i c  o b j e c t s  

We ment ion f o r  i n s t a n c e  : 

S t r u c t u r e  o f  o p t i c a l  j e t s  ( the  H87 j e t  at  0 . " 5  r e s o l u t i o n  (N ie to  and L e l i ~ v r e ,  

1982) and the 3C273 j e t  at  0 . " 9  (Le l i@vre  e t  a l . ,  1983, 1984) ) .  

Clumpy s t r u c t u r e s  such as the H I I  r eg ions  l y i n g  in  the  c e n t r a l  r eg ion  o f  NGC 

1510 ( E i c h e n d o r f  and N ie to ,  198&), or the s t r u c t u r e  o f  the c e n t r a l  r eg ion  o f  ho t -  

spot  g a l a x i e s  (N ie to  and Le l i@vre ,  1981, N ie to  and Y i d a l ,  1985).  

D e t a i l e d  geometry o f  s p h e r o i d a l  components o f  g a l a x i e s ,  p a r t i c u l a r l y  e l l i p t i c a l s  

(N ie to  and V i d a l ,  1984a) 

i i .  Ex tens ion  o f  the measurable d i s t a n c e  range 

The d e t e r m i n a t i o n  o f  the d i s t a n c e  to  g a l a x i e s  r e l i e s  on d i f f e r e n t  c r i t e r i a  t h a t  

are usable  w i t h i n  a c e r t a i n  d i s t a n c e  range whose upper l i m i t  i s  s t r o n g l y  seeing 

dependent .  See an i l l u s t r a t i o n  i n  N ie to  and T ienno t  (1984) .  

i i i .  C e n t r a l  cores o f  g a l a x i e s  

Whether g a l a x i e s  c o n t a i n  nuc l ea r  sp ikes  o f  l i g h t  or  have i s o t h e r m a l  cores i s  a 

c o n t r o v e r s i a l  q u e s t i o n  f o r  normal ( i . e .  non a c t i v e )  g a l a x i e s .  The i n t e r p r e t a t i o n  

o f  the  observed p r o f i l e s  may be so seeing dependant t h a t  the best  p o s s i b l e  

r e s o l u t i o n  i s  necessary .  An ev idence  f o r  a sp ike  o f  l i g h t  i n  NGC 3379 

i n d e p e n d a n t l y  o f  any model assumed to  f i t  the r e s t  o f  the g a l a x y  has been put  

fo rward  by N ie to  and Y i d a l  (1984b) who showed t h a t  the c e n t r a l  b r i g h t n e s s  o f  t h i s  

g a l a x y  i nc reases  w i t h  i n c r e a s i n g  r e s o l u t i o n .  

llI- Improvement on the reaular lonq-exposure resolution 

i .  The O/r 0 parameter  

The d e g r a d a t i o n  o f  the image i s  due to  w a v e f r o n t  d i s t o r s i o n s  produced by t he rma l  

d i s t u r b a n c e s  in  the E a r t h ' s  atmosphere,  (assuming no g u i d i n g  e r r o r s  o f  the 

obse rve r  and t r a c k i n g  d e f e c t s  o f  the t e l e s c o p e ) .  

In image accumu la t i on ,  we may d i s t i n g u i s h  t h ree  t ime scales : 

- the  ve r y  s h o r t  exposures (a ve r y  few t e n t h s  o f  a second) ,  i . e .  s h o r t e r  than the  

t ime sca le  o f  l a r g e  sca le  a tmospher ic  t u r b u l e n c e )  y i e l d  a speck le  s t r u c t u r e .  
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D / r  0 76 /100  10 /100  1 /100 1 /1000  

3 
4 
5 
7 

10 
15 
20 
50 

100 

2 .0  
2 .0  
1.9  
1.7 
1.5  
1 .4  
1 .3  
1 .2  
1.1 

2 .7  
3.1 
3 .1  
2 .8  
2 .4  
2 .1  
1 .9  
1 .5  
1.4 

2 .9  
3 .4  
3 .8  
3 .4  
3 .0  
2 .6  
2 .3  
1.7 
1.6  

3 .0  
3 .6  
4 .0  
4 .1  
3 .8  
3 . 2  
3 .0  
2.1 
1.8  

Table I : Gain in angular resolution for different selection thresholds of short 

e x p o s u r e  images .  

A third step aster i) shortening and ii) selecting the exposures would be to 

apply some restoration techniques to the composite image resulting from the 

selected short exposures. An illustration of the resulting improvement of the 

resolution is shown in Lorre and Nieto (1984) who restored a composite of high- 

resolution (FWHH ~ 0."5-0."7) U and B photographic plates of the H87 jet, The 

estimated resolution achieved was estimated to be about 0."2 for the highest 

signal-to-noise parts of the image. 

i i .  How to  a c h i e v e  t h i s  ? 

D i f f e r e n t  a t t e m p t s  t o  reach  such a r e s o l u t i o n  have been u n d e r t a k e n  he re  and t h e r e .  

Le t  us m e n t i o n  f i r s t  ( a l t h o u g h  i t  does no t  conce rn  g a l a x i e s ) ,  s i n c e  i t  i s  a 

c e n t r a l  aspec t  i n  t h e  t o p i c  o f  a n o t h e r  s p e c i a l i z e d  c o l l o q u i u m  d u r i n g  t h i s  European 

m e e t i n g ,  t h e  o b s e r v a t i o n  o f  t h e  s o l a r  g r a n u l a e  by H u l l e r  (1983)  w i t h  few 

m i l l i s e c o n d  l o n g  e x p o s u r e s  t a k e n  c o n t i n u o u s l y ,  t h e  b e s t  images s e l e c t e d  l e a d i n g  

t o  a r e s o l u t i o n  o f  . .  0 . " 2 5 .  

A more s y s t e m a t i c  app roach  has been r e a l i z e d  by Thompson and Ryerson  (1983)  who 

have b u i l t  an " a c t i v e  m i r r o r  image s t a b i l i z i n g  i n s t r u m e n t  sys tem"  [ I S I S )  r emov ing  

t h e  e r r a t i c  m o t i o n  o f  t h e  c e n t r o i d  o f  t h e  image by a m i c r o p r o c e s s o r  c o n t r o l l e d  

a c t i v e  p l ane  m i r r o r ,  c a p a b l e  o f  r e p o s i t i o n i n g  t h e  image e v e r y  2ms. An a c t i v e  

s h u t t e r  e l i m i n a t e s  t h e  p e r i o d  o f  e x c e s s i v e  image b l u r  ( f r e q u e n c y  6Hz) .  The f i r s t  

a s t r o p h y s i c a l  r e s u l t  i n  g a l a x y  i m a g i n g  i s  a V COD image o f  t h e  r a d i o - g a l a x y  Cygnus 

A whose r e s o l u t i o n  has i m p r o v e d  Srom 0 " . 9  t o  abou t  0 . " 6 5  (Thompson, 1984) .  

O the r  a t t e m p t s  have been made a t  t he  CFH w i t h  t h e  use o f  a v e r y  h i g h  r e s o l u t i o n  

camera whose s h u t t e r  opens when t h e  images are  b e t t e r  t h a n  a g i v e n  v a l u e .  A l t h o u g h  

some r e s u l t s  a re  q u i t e  i m p r e s s i v e  (FNHH - 0 . " 2 5  on a 5 sec e x p o s u r e ) ,  t h e r e  i s  i n  

t h i s  sys tem no c o r r e c t i o n  f o r  image m o t i o n  ( C h r i s t i a n  e t  a l . ,  1983) .  

A n o t h e r  t e c h n i q u e  has been p r e s e n t e d  by F o r t  e t  a l .  (1984)  u s i n g  t h e  CCD camera i n  
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a cinematographic mode, that they call cine-CCD. The purpose is to take very short 

individual exposures (0.1 to I sec). In a first step all images are added, 

resulting in a reference image. Each individual image is afterwards correlated to 

this reference image, used as a mask image and is recentered by cross-correlation 

(ste p # I]. This sum of the recentered individual images is a final image 

corrected for the erratic image motion and having a better resolution (but a 

reduced signal-to-noise ratio compared to that of a single image having the same 

exposure time). 

It is easy to improve further the resolution by applying also selection criteria 

(step # 2) to the individual images, eliminating those whose resolution is worse 

than an a-priori given threshold. 

This means, at variance with the ISIS project, an a posteriori computer study. A 

project similar to the Cine-CCD, based on the use of a very performing Image 

Photon Counting System is in preparation : individual images are recorded at the 

television frame rate [512 x 512 pixels at 30 Hz).There is here certainly a 

possibility of reaching a resolution better than that of the Cine-CCD made since 

the individual exposure times are shorter. 

The advantage of these two methods relative to systems applying corrections for 

atmospheric turbulence during the exposures is that they allow to record several 

images having several resolutions and several signal to noise ratios: 

- an integrated one with no correction for atmospheric effects, 

- an integrated one where all individual images are corrected for image motioa 

(step ~ I), 

- several integrated ones where different (more or less drastic) selection 

criteria for atmospheric blurring have been used (step ¢ 2). 

They require however very much computer time. All these images, beside the fact 

that they will give us relevant information on the different time scales of the 

atmospheric turbulence during the observations, will allow to undertake step # 3 : 

the use of image restoration techniques (see for instance Lorre and Nieto, 1984). 

The best compromise will be then found between resolution and signal-to-noise 

ratio, yielding the best image that it is possible to derive during the given 

corresponding observing period. 

IV - Conclusion 

We have presented briefly results from high-resolution observations either with 

the CFH telescope or at Pic du Midi Observatory. They mainIy correspond to direct 

acquisition data relying only upon the high resolution of the site. 

To improve the resolution, several possibilities have been already or are being 

exploited. We discuss a few of them, in the light of the expectations derived from 

atmospheric turbulence theory. 

The high resolution range is just starting to be explored. It is very likely that 
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the number of h igh r e s o l u t i o n  s tud ies  w i l l  i nc rease very  soon, s ince Space 

Telescope data w i l l  s t r o n g l y  need ground-based h i g h - r e s o l u t i o n  data in many 

respec ts .  
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SURFACE PHOTOMETRY WITH THE SPACE TELESCOPE 

F.O. Macchet to  

Space Te lescope Science I n s t i t u t e  

Homewood Campus, HD 21212 

A b s t r a c t  : 

The Space Te lescope w i l l  be an e x t r a o r d i n a r y  and v e r s a t i l e  o b s e r v a t o r y .  I t s  

complement o f  s c i e n t i f i c  i n s t r u m e n t s  w i l l  a l l o w  f a r  r e a c h i n g  o b s e r v a t i o n s  to  be 

made w i t h  a p r e c i s i o n  which w i l l  have no equa l  i n  o p t i c a l  as t ronomy.  

The ex tended wave leng th  range i n  the u l t r a v i o l e t ,  the h igh s p a t i a l  r e s o l u t i o n ,  the 

l a r g e  dynamic range and the h igh  s i g n a l  t o  no ise  a c h i e v a b l e  w i l l  make the cameras 

on board  the  Space Te lescope un ique t o o l s  to  c a r r y  out  p r e c i s e  s u r f a c e  pho tomet ry  

o f  a wide range o f  o b j e c t s .  

Th is  paper  d e s c r i b e s  the key c h a r a c t e r i s t i c s  o f  the Space Te lescope and i t s  

scientific instruments with particular emphasis on its possible applications to 

s u r f a c e  pho tomet ry .  
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ACCURACY AND IMPROVEMENTS IN GALAXY PHOTOMETRY: WHY AND HOW 

Massimo Capaccioli 

Institute of Astronomy, University of Padova, 35100 Padova, Italy 

I.INTRODUCTION 

The first paper on galaxy photometry (Reynolds 1913) appeared before the nature 

of the white nebulae was fully understood. Then since, and particularly after 

1940, the number of contributions, from plain aperture photometry to detailed 2-D 

studies, grew almost exponentially (see the review by de Vaucouleurs 1979). 

Typically the photoelectric technique, pioneered by J.Stebbins, was used to 

obtain magnitudes and colors through centered diaphragms (see the UBV catalogue 

by Longo and de Vaucouleurs 1983) from which standard parameters were calculated 

(e.g., de Vaucouleurs et al. 1976); less frequently to build light profiles 

(e.g. Miller and Prendergast 1962), but very rarely at high enough resolution 

(see Pe3 in de Vaucouleurs and Capaccioli 1979, hereafter dVC). Apart from 

sporadic contributions of ~lectronography, for obvious reasons of convenience I-D 

and 2-D photometry was traditionally reserved to the photographic technique until 

very recently, when panoramic digital detectors came into regular operation. 

From the compilation of Davoust and Pence (1982) we learn that the total number 

of galaxies of all types having some kind of detailed photometric information is 

about 600. Without duplications this number would have been larger but... 

'repetita iuvant', i.e. multiple studies help to establish the quality of the 

available sample. In fact the real difficulty with galaxy photometry to-day is 

rather the quality than the quantity. In 1961 the Working Group on Galaxy 

Photometry and Spectrophotometry of IAU Commission 28 expressed the need for 

photometric standards and selected few objects for this purpose. To date only one 

standard is available, the elliptical NGC 3379 for which dVC produced an accurate 

E-W profile in one color (B-band) and discussed in detail the role of the various 

sources of errors (Capaccioli and de Vaucouleurs 1983 ~ CdV). Another 

photometric standard among those listed in 1961 is NGC 3115 (Capaccioli, Held and 

Nieto, this volume). In this paper I will discuss some of those areas of 

extragalactic astronomy which suffer most from the lack of an adequate accuracy 

in the photometric data. I will limit the discussion to elliptical ~alaxies. 

Interest in elliptical galaxies was renewed when astronomers realized that they 

were not as well understood as thought before. In particular the discovery that 

they may rotate slower than predicted by oblate models flattened by rotation 

(Bertola and Capaccioli 1975; see also the reviews by Capaccioli 1979, and 

Illlngworth 1981) opened the way to theoretical speculations on the coupling of 

internal kinematics and intrinsic shape (Binney 1981,1982a). Problems to solve 

concern the internal dynamics, the intrinsic shape, the trends of the density 
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profiles (particularly in the very inner and outer regions), the presence of 

nuclear singularities, the possible segregation in different families (e.g. 

giants and dwarfs, and/or oblate and prolate, and/or disk or diskless), the link 

to other spheroidal subsystems (glubular clusters and bulges of S0's and 

spirals), the environmental effects (merging, cannibalism, fly-by interactions), 

etc. The final goal is clearly an understanding of the processes of formation 

and evolution. 

Surface photometry, taking advantage of modern hardware and software techniques 

which make the work easier and more reliable, is greatly contributing to this 

enterprise (see the review by Kormendy 1980, and the ponderous 'summa rerum' by 

the same author, 1982, hereafter J_KK), both as a complement to the kinematical 

studies and as an input to genuinely new speculations. Typical examples of this 

second aspect are the discoveries of nuclear spikes of light in excess of an 

isothermal (Young etal. 1978, Schweizer 1978, de Vaucouleurs and Nieto 1979a, 

dVC) and of the twisting of the isophotes (Barbon etal. 1976a,b,1980; Carter 

1978,1979). 

The organization of the paper is suggested by the consideration that in the 

photometry of galaxies there are three surface brightness domains facing 

different scientific problems and requiring different techniques of analysis. A 

brief discussion on the causes of degradation of resolution (Section II) precedes 

that on the distribution of the light (Section III) and of the shape of the 

isophotes (Section IV) in the nuclear regions of ellipticals. Sections V and VI 

are devoted to considerations about the so called intermediate regions, those 

going from just the seeing blurred nuclei down to about ~(B) = 25 B-mss. The 

very faint outer regions will not be considered for reasons of space and because 

there is little to say about accuracy except that it is needed and rarely 

achieved so far. 

II. THE POINT SPREAD FUNCTION 

The effects of several sources of smearing compound to modify heavily the true 

shape of the luminosity profiles of galaxies. The atmosphere, the telescope, the 

detector and the scanning device operate successive convolutions which 

redistribute the energy of a galaxy image according to a cumulative Point Spread 

Function (PS___FF). The latter is not known 'a priori'; in principle it could be a 

very complicated function of time-varying as well as geometry-luminosity 

dependent parameters. To avoid complications it is common practice to make the 

PSF constant over a given image and to identify it with a smoothed analytical 

interpolation of the observed luminosity profile of a star. Usually circular 

symmetry is also assumed. Several empirical formulae have been proposed and used 

(e.g. Brown 1974, Newell 1979, dVC). A single gaussian often represents with 

sufficient accuracy the so called seeing disk, which is the dominant component in 

smoothing out the sharp details. In the optimum conditions ground-based 

observations reach a resolution better than e = 0"5. However the PSF does extend 
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much farther than the seeing disk (see Fig. 4 in CdV) and in principle covers the 

whole of the sky. The outer part (the stellar aureole and the Rayleigh scattering 

tail) becomes eventually relevant in the faint outskirts of galaxies where the 

feeble luminosity of the object may hardly exceed the light scattered from the 

bright nucleus (CdV). 

III. LUMINOSITY PROFILES OF THE CORES 

So far very few elliptical galaxies have been accurately mapped in their central 

regions, and only one or two under exceptionally good seeing conditions (e.g. NGC 

3379; Nieto 1983a,b); it is easily foreseeable, however, that the situation will 

change soon with CCD cameras mass producing top quality photometry of galaxy 

nuclei in several color bands (see Kent 1983,1984; Lauer 1984). Instead the 

photographic technique has been largely used (cf. de Vaucouleurs 1979, and 

Davoust and Pence 1982), but it has some well known limits. First, the 

linearization of photographic response requires a properly established 

calibration curve (not so crucial in the low density gradient outer parts of 

galaxies); unfortunately most of the largest and best telescopes have poorly 

designed calibration devices (see also de Vaucouleurs 1983) and that almost 

prevents the use of otherwise splendid plates. Second, the bright nuclei require 

such short exposures that often the background level does not exceed the chemical 

fog, causing difficulty in the background Subtraction and in the absolute 

calibration. Moreover, under exceptionally good seeing conditions photographic 

adjacency effects (such as Eberhard's) may occur in the central spikes (Nieto 

1983b); they can be avoided by an adequately large focal plane scale but at the 

expense of exposure time and therefore resolution. In conclusion, photographic 

plates may give fair results provided all observational and reduction variables 

are carefully controlled. 

Due to their linear response and high dynamical range digital panoramic detectors 

are particularly suited to study the bright inner regions of galaxies (Young et 

al. 1978, Leach 1981, Kent 1983,1984, Lauer 1984). Their traditional limitation 

is the narrow field, often thought to be a serious problem for the background 

subtraction. But in fact this need not be the case; the sky can be mapped 

directly at the telescope almost in real time (due to the very short exposures 

required) or can be reconstructed later by the standard comparison with aperture 

photometry. 

Once the observed luminosity map of the central region of a galaxy is available 

at the highest possible level of accuracy (conceivably better that 0.02 mag), it 

must be deconvolved for seeing before beeing of any astrophysical application. In 

other words, concepts such as that of 'core radius' r c introduced by King (1966) 

as a fitting parameter gain a physical meaning only after deconvolution. 

Similarly, any discussion about the existence of massive nuclei (Sargent et al. 

1978, de Vaucouleurs and Nieto 1979b) is partly dependent upon the knowledge of 

corrected core profiles. 
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However it is a fact that on a small enough scale lost information can never be 

recovered, whatever fancy procedure is devised. Nonetheless two quite different 

methods can be utilized to retrieve some of that hidden in the data. One is 

simply the direct deconvolution (for instance the Maximum Entropy algorithm 

developed by Bryan and Skilling 1980), which however relies upon a very careful 

(and often risky) treatment of the noise. Another and simpler approach (Schweizer 

1978, de Vaucouleurs and Nieto 1979a, dVC) is the straightforward convolution of 

an analytical model of the galaxy light distribution (luminosity profile and 

isophotal geometry) whose parameters are adjusted to fit the observations by 

trial and error. The only obvious disadvantage common to this method too is that 

the found solution is not unique. 

The last consideration brings us to the point of the existence of seeing- 

convolved spikes of light at the centers of ellipticals as claimed, for instance, 

by dVC for NGC 3379 and by Young et al. (1978) and de Vaucouleurs and Nieto 

(1979a) for NGC 4486. This is part of a larger problem concerning the true trend 

of the light profiles in elliptical cores in relation to empirical as well as 

theoretical fitting formulae. Let us consider the case of NGC 3379 as an 

example. According to JK, his observations of the E-W luminosity profile of this 

galaxy (as reported by dVC, Appendix I) are satisfactorily matched by the King 

formula with r e = 2"9. This formula, however, is not much affected by seeing 

convolution for any reasonable value of ~ (Schweizer 1978) because it has a 

quasi-isothermal core profile, and therefore it may also reproduce the 

deconvolved profile with just a slight change of the core radius to 2"3 (see Fig. 

19 in JK). Such result is not surprising since the King formula has a solid 

dynamical ground and it certainly approximates very reasonably the trend of the 

luminosity in the mean bodies of ellipticals, i.e. everywhere but the very 

centers and the faint outer parts (see also Section IV). 

On the other hand dVC have proven that an even better fit of the observations can 

be achieved by convolving a much more peaked model, basically consisting of the 

r I/4 law (de Vaucouleurs 1948,1953,1959,1961) which represents the outer parts of 

NGC 3379. As dCV noted, this model gives a good match of observed profiles under 

very different seeing conditions, even when the corrections are large (>> I mag; 

see also CdV). This is not the case for the King formula, whose central seeing 

corrections never exceed I mag for any practical value of r c and ~. This last 

remark opens the way to the solution of the problem. When we have accurate 

determinations of the central surface brightness ~(0) of a galaxian nucleus under 

very different seeing conditions, we can test the central corrections for the two 

models and check which provides the best match (cf. de Vaucouleurs and Davoust 

1980). Very recently Nieto (1984) has obtained the needed set of data for NGC 

3379, including some high resolution plates with the CFH telescope. When his data 

and the others already existing in the literature are plotted versus the 

estimated seeing, it becomes clear that, while a decreases from I"-2" values to 

about 0"5, the observed central brightness increases by almost one magnitude. 

This would not be the case if the nucleus of NGC 3379 had an isothermal profile. 
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The expected central correction applicable to an r I/4 law with r e = 55"5 (as in 

dVC model of NGC 3379) at different values of e gives a good fit to the data. In 

passing, this seems the right place to rectify an historical injustice. Since the 

light profile of NGC 3379 is peaked similarly to that of M87 (Young et al. 1978, 

de Vaucouleurs and Nieto 1979a), then if the latter galaxy has a massive nuclear 

component (Sargent et al. 1978), the same ought to be true for the former, 

although on a smaller scale. I Indeed the trends of the velocity dispersion 

curves are also quite similar for these two objects (see Fig. 3 in Illingworth 

1981 ). 

In conclusion, at least in the case of NGC 3379 we are now able to prove the 

existence of a nuclear spike of light (i.e. a departure from an isothermal 

behaviour) consistent with the r I/4 law. What about the other ellipticals ? 

Schweizer (1978) pointed out that the nuclei of E galaxies may be either spiky or 

not. Such deduction however is still model dependent. More secure information 

will be available when the central brightness test is applied to a large sample 

of galaxies (Capaccioli and Nieto 1985). It is also foreseeable that CCD images 

will soon provide high quality material for this test. 

IV. THE GEOMETRY OF THE INNER ISOPHOTES 

It is very clear that convolution affects the true shape of the nuclear isophotes 

of elliptical galaxies, making them smoother and rounder. Therefore measurements 

of axis ratios and position angles do not have a unique meaning in the central 

regions and vary with the image definition. In addition, structures as peculiar 

isophotal shapes, dust lanes and filaments, jets etc., are weakened or even 

cancelled. For this particular aspect the restoration based on model convolution 

has no chance to be successful due to the large number of free parameters 

required by a 2-D model. More effective and widely used are the digital 

algorithms which go from the simple minded Convolution Theorem in the Fourier 

domain to the advanced methods presently used, e.g. the Pixel Compensation 

Technique (Lorre and Nieto 1984). The latter have been mostly applied to few 

selected problems only, typically to improve the spatial resolution of the jet of 

M87 (Arp and Lcrre 1976, Perryman 1981), but not yet, to my knowledge, to 

reconstruct the shapes of the nuclear isophotes of elliptical galaxies, although 

this is a very interesting subject. For instance, how many ellipticals have 

nuclear dust lanes ? This question can be answered with multioolor photometry at 

high resolution and good dynamical range (CCD), provided a proper 

filtering/restoration technique is applied. 

IThis was first argued by de Vaucouleurs, Capaccioli and Young in 1976 in a 
paper submitted to the Astrophysical Journal, but rejected by a referee who 
disbeli~ed this kind of speculations. 
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From observations we know that ellipticals tend to gain circular shapes near 

their centers. Is it due to convolution effects or is it rather a property 

intrinsic to the nature of the objects ? So far we must rely only upon a few 

high resolution studies of the closest elliptical-like objects, the bulge of M31 

(Light et al. 1974) and the compact dwarf M32 (Bendinelli et al. 1981). Another 

piece of information supporting the idea that the nuclear regions of E galaxies 

can be elongated was given by Capaccioli and Rampazzo (1981); they showed that 

the observed e!lipticity profile of NGC 3379 is consistent with a model having a 

constant intrinsic axis ratio. Their prediction has been partly confirmed by 

measurements of high resolution material (Nieto 1983b). 

Convolution effects are also important for many different types of measurements 

concerning the cores of galaxies, their rotation curves (see Fig. 6 in Capaccioli 

and D'Odorico 1980) and velocity dispersion profiles (Binney 1982b), etc. 

V. THE INTERMEDIATE REGIONS 

For elliptical galaxies with large enough angular sizes the intermediate region 

is the easiest to be mapped photometrically; it extends from just outside the 

blurred center to a distance where the surface brightness is about 25 B-mss, i.e. 

about 1/15 of the typical luminosity of the night sky in a good astronomical 

site. This light level can be up to 5 mag fainter than that of the effective 

isophote, that encircling half of the total luminosity (for NGC 3379 the light 

emitted within the 25 B-mss isophote is already 80% of the total). The practical 

advantages of working in this region are numerous. 

First of all one needs not to worry about either seeing convolution (inner part 

of PSF) or the light scattered from the nucleus (outer PSF) and the consequent 

appearance of a spurious corona (crf. CdV). Second, the linearization of the 

measured quantities (density in photographic work, currents or photon counts in 

photoelectric work) is not as critical as in the bright core. For instance, if 

the signal-to-noise ratio is reasonable (which depends mainly on exposure time 

and sky background luminosity), the flat fielding and/or the background 

subtraction (including telescope vignetting, which is too often ignored) are not 

as crucial for the intermediate regions as they are for the very faint outer 

parts of galaxies (see Fig. I in CdV). Moreover it has to be noted that in 

photographic work the uncertainty in the calibration curve tends to increase with 

the density, becoming dominant at the galaxy centers. In other words, 

irrespective of resolution, the largest errors are expected in the brightest 

regions. 

The above considerations are corroborated by a pragmatic argument. As shown by 

Carter and Dixon (1978) and by Benacchio et al. (1985 = LB), the spread of the 

results from various studies of the same galaxies, is always minimum in the 

intermediate regions (apart from zero point errors); but that does not indicate a 

general consistency or accuracy, even in case of agreement. Let us take the 
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examples of NGC 4374 and NGC 4406, two bright elliptical at the end of the 

Markarian Chain in Virgo. The comparison among various studies, made by LB and 

shown in Fig. I in form of residuals from best fitting r I/4 laws, is indicative 

of the state of the art of photographic photometry. Some authors agree 

reasonably well, within ±0.1 mag over the entire range of 5 mag, but a few depart 

greatly from the mean. Is this a test for accuracy ? Clearly not, because the 

mean profiles of these two galaxies from the best studies disagree stronly with 

the photoelectric aperture photometry (up to a total of 0.4 integrated 

magnitudes). 

The intermediate regions of E galaxies contain a significant fraction of their 

total luminosity (and therefore, very plausibly, of their total mass), thus they 

are the right places to investigate the effects of the internal dynamics. Since 

kinematical studies are greatly hampered by the relatively low surface luminosity 

of these regions, up to now the easiest approach has been that of surface 

photometry. In absence of appropriate theoretical models (see however Binney 

1982a, van Albada 1982), the strategy is traditionally that of fitting the 

luminosity profiles with reasonable empirical or semi-empirical formulae. The 

procedure is somewhat risky expecially when the fitting functions have too many 

parameters, or when a simple physical meaning is not easily attached to them. A 

review of the most common formulae was given by dVC. We will concentrate here on 

the so called r I/4 law (de Vaucouleurs 1948), because it is now widely accepted 

as a good empirical fitting law without free parameters (other than the required 

scale factors) for the light profiles of elliptical galaxies and spheroidal 

bulges of lenticulars and spirals, in some cases from the very centers (de 

Vaucouleurs 1974) to the outermost regions (dVC); exceptions are the tidally 

truncated profiles of dwarfs (King 1966) and the extended or 'stretched' profiles 

of some supergiants in rich groups/clusters (Thuan and Romanishin, 1982). The de 

Vaucouleurs law is a dimensionless function (in units of the scale factors): 

log J(p) = 3.3307 (pi/4 _ I) (I) 

where J(p) I/I e is the relative surface intensity in units of the surface 

intensity I e of the effective isophote, that which encompasses half the total 

light of the galaxy and whose radius r e (the effective radius) is the unit of 

radial distance from the center (p = r/re). Clearly equation (I) refers to a 

specific cross-section of the galaxy image (e.g. the major axis). To eliminate 

the dependence on the isophotal shape (ellipticity and twisting) it is common 
, 

practice to transform p into the so called equivalent radius p by 

circularization of the isophotes (p* = (ab)I/2). This procedure is also very 

useful to improve the signal-to-noise, for instance when the equivalent radius is 

obtained by a 2-D best fitting of the isophotes with ellipses (Barbon et al. 

1976a). In many cases however, particularly in multicomponent galaxies such as 

lenticulars, it may a source of confusion and should not be used. 

Since the good qualities of the r I/4 law are well known, we will rather warn 

against its possible misuses. In the first place, while this law compares 
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directly with the observations, the value of its scale-length r e is often 

uncertain. In fact, what one measures directly is the fourth rooth of r e and even 

a very small error is greatly amplified by taking the fo~h power. Second, due to 

the expansion of the abscissa at small distances from the center and the 

consequent expansion at large radii, the law is not always able to discriminate 

among the various morphological classes, i.e. it tends to represent too well also 

the light profiles of lenticulars and even spirals, expecially if the 

observations are not very accurate and do not extend enough. Third, the r I/4 law 

is difficult to handle mathematically in many instances, for instance when one 

needs to calculate the spatial deprojection of the luminosity profile (cf. Young 

1976). Finally, even the fit to 'bona fide' ellipticals is good to a first order 

level only; this fact deserves some comments. 

As shown by dVC the residuals to the best fitting r I/4 law for the E-W profile of 

NGC 3379 exhibit a weavy pattern with an amplitude of about 0.2 mag (Fig. 3 in 

dVC). Such residuals, present also in all the other directions (cf. Benacchio 

1975, whose results were recently confirmed by the reduction of a long exposure 

UK Schmidt plate), are real and interesting departures from the r I/4 law giving a 

smooth interpolation of the actual light distribution. Explanations for these 

waves are lacking. This is a clear example of the need for more numerous and 

accurate photometric studies of ellipticals in several colors (and not limited to 

the small frame-size of CCDs). 

Another good example of the need for better accuracy, not limited to the central 

parts, may be given by the study of the light profiles of ellipticals made by 

Kormendy (1977). Using the sample of King (1978; tested to be externally accurate 

to ±0.1 mag by LB), he noted an excess over the r I/4 law in the outer profiles of 

E galaxies possessing close companions, and interpreted it as evidence for a 

tidal stretching of an otherwise almost rigorous r I/4 profile. We repeated 

Kormendy's test with the same sample of objects; all data points with r < 10" 

were rejected because of convolution by the PSF, and those fainter than 27 B-mss 

because of their large uncertainty (cf. LB). The remaining data for each galaxy 

were best fitted by Least Squares with an r I/4 law, giving equal weight to all 

points. The residuals, plotted in Fig. 2 versus the distance from center reduced 

to the scale of NGC 4486 confirm the different trends of the two extreme galaxy 

families, i.e. those with and without close companions (or T3 and TI respectively 

in Kormendy's notation), and show that all galaxy profiles depart systematically 

from the r I/4 law, with minima located at about the effective radius. This was 

already noted by de Vaucouleurs (1953) and is confirmed by the galaxy sample of 

LB. The overall trend of the residuals is that expected if galaxy profiles follow 

a truncated isothermal model (de Vaucouleurs 1953, Woolley 1954, King 1966). 

However, because the King formula is not a good representation of the light 

profiles of giant galaxies in the very outer parts (Thuan and Romanishin 1982), 

we conclude that the truncated-isothermal scheme, on which this formula is based, 

possibly holds good for the intermediate regions of ellipticals, but fails in the 

outermost ones possibly due to the longer relaxation times and/or to the stronger 



62 

interactions with the environment (or due to the initial conditions). 

The representation of the light profiles of SO and lenticular bulges is a very 

difficult task which requires extremely accurate observations and proper seeing 

deconvolution. Rampazzo (1981) noted that, if bulges are expected to extend to 

large distances, then the r I/4 law is not steep enough to vanish in those outer 

regions where the disk component is still seen to be dominant through the 

exponential profiles (see also de Vaucouleurs 1958). In this respect a better 

approximation of the bulge profiles would be an r I/2 law. Is this an indication 

that bulges are not small ellipticals surrounded by a disk ? Possibly, but the 

final word will come only when two-dimensional decomposition of lenticular and 

spiral light distribution is available. 

VI. THE INTERMEDIATE REGIONS: GEOMETRICAL PROPERTIES 

Variations of the isophotal ellipticity and changes of the orientation of the 

major axis in E galaxies (first note by Evans 1951 and Liller 1960,1966) have 

been reported in the past years. Barbon et al. (1966a, b), implementing the 

Numerical Mapping method of Jones et al. (1967), introduced the technique of 

analytical ellipse fitting which allows a more objective evaluation of the 

geometrical parameters (see also Capaccioli 1973, and Barbon et al. 1980,1982). 

These authors pointed out that the study of the ellipticity and orientation 

profiles and the loci of the centers of the isophotes, might disclose the 

presence of substructures in ellipticals. Recently photometric and geometric 

parameters of 17 systems were reported by Carter (1978), together with some 

discussion on models of galaxy formation. A large body of data was published by 

Fraser (1977) and by Strom and Strom (1978a,b). Twisting and ellipticity in 

early-type galaxies were studied by Williams and Schwarzschild (1979a,b) and 

Williams (1981). King (1978) gave an extensive photometric analysis of 17 giant 

E's and SO, detecting an isophotal twisting in four objects. Statistical studies 

on the flattening profiles of ellipticals were published by di Tullio (1979), 

Bertola and Galletta (1979), Leach (1979,1981), Barbon et al. (1980), Watanabe 

(1983) and LB. The above list of references on geometrical studies can be 

supplemented with the bibliography of Davoust and Pence (1982). 

Before we can make any astrophysical use of this large body of data, we must 

discuss their reliability. The fact that galaxy isophotes appear to twist and 

ellipticity to change with radius is not questionable; there are some examples 

which stand out clearly even by visual inspection (e.g., NGC 1600; Barbon et al. 

1984). What has to be evaluated is the ~oodness of the various techniques in 

coping with sources of errors mimicking the phenomena one wants to measure: 

distortions (apparent or real) induced by nearby companion galaxies and very 

bright stars, superposition of foreground and background objects or defects, 

intrinsic shapes other than elliptical etc. We will not review here the 

methodologies used to eliminate the disturbances and/or measure the geometrical 

parameters, but rather comment on the general lack of impersonal methods capable 
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of giving not only the formal parameters for the fit of the analytical isophotal 

models to the data, but also an estimate of the similarity between the two, i.e. 

a shape parameter. Usually visual inspection is used as a surrogabe, although 

quite subjective and time consuming. Recently an effort along the direction of a 

rigorous solution of the problem was made by Cawson (private communication) in 

the framework of the Fourier approach (Carter 1978). 

In the absence of any evaluation of the consistency of the data in the 

literature, we must rely upon external comparisons among the various studies. 

The reliability of ellipticity measurements has been discussed by LB. They 

conclude that in general, with a few remarkable exceptions such as Fraser (1977), 

flattening measurements are quite consistent. The same conclusion does not apply 

to the twisting. As an example, let us consider the case of Liller (1960,1966). 

LB find that her twisting profiles look reliable, but that she failed to detect 

any twisting in some galaxies where the phenomenon is indeed present (e.g. NGC 

4486). The same remarks apply to King (1978), as this author himself noted. 

However, the external comparison is clearly not a good test. When two 

orientation profiles from two different studies agree even in revealing similar 

variations of the position angle, it is still possible the doubt that such 

variations are a real property of the object because they could be due to some 

common hidden or unremoved sources of disturbances or shape distortions. 

The trend of ellipticity (b/a) with radius a has been used by various authors in 

an attempt of establishing a correlation with galaxy type (Valentijn 1983) or 

with environmental properties (di Tullio 1979). So far, however, there is no such 

correlation for which counter-examples have not been found. The combined 

analysis of both ellipticlty and twisting characteristics seems to be more 

conclusive. Barbon et al. (1980,1984) have pointed out the existence of 

correlations between features of the ellipticity and twisting profiles, which are 

interpreted as an indication in favour of triaxial configurations. Similar 

conclusions were drawn by Williams (1981) in his study of the complex case of NGC 

596 and by Benacchio and Galletta (1981) in their discussion of the statistical 

correlation between maximum flattening and amount of isophotal twisting (Galletta 

1980). However, there is no unanimous agreement toward the interpretation of the 

ellipticity-twisting correlations and variations in terms of triaxiality alone. 

For instance, JK stressed the point that at least in some cases these phenomena 

must be related to tidal interactions. The important question is still open and, 

as many others, will not be settled until more numerous and accurate photometric 

observations are produced. 

Many of the topics discussed here come from my work in collaboration with Prof. 

Gerard de Vaucouleurs, to whom I am particularly grateful for many suggestions 

and for a critical reading of this manuscript. This paper was supported in part 

by the Consiglio Nazionale delle Ricerche of Italy. 
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DISCUSSION 

G. Galletta: I have just a comment about the maximum flattening-twisting 

correlation found for ellipticals. It is important to have new good photometry of 

E galaxies since, even if the correlation could be due in part to photometric 

errors, nonetheless some real effects might exist. It is difficult to ascribe to 

photometric errors a twisting of 40 ° in a E4 galaxy. 
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A l l  c lass ica l  works on galaxy surface photometry have been  performed wi th 

photographic p lates.  During the seventies, several other panoramic detectors such 

as electronographic cameras or i n t e n s i f i e d  te lev is ions  have been used. The gain in 

speed and accuracy of these new detectors was counterbalanced by numerous defects 

such as geometrical distorsion and calibration difficulties. They never 

challenged, in this particular field of surface photometry, the photographic 

plates. The appearance of CCDs in late seventies has reversed the situation and 

despite their small size, they are ideally suited for surface photometry. In this 

paper we will first review the good and bad sides of plates and CCDs for surface 

photometry, and then compare the results obtained with the two methods on selected 

g a l a x i e s .  

I - PHOTOGRAPHIC PLATES 

The photographic plates suffer from several well known defects : first of all they 

are not linear. The density-intensity calibration is still the major problem in 

photographic surface photometry. It can be calibrated on an empty place on the 

plate by spot sensitometer but one mus t  assume that  the ca l i b ra t i on  curve is 

i d e n t i c a l  everywhere else. Moreover p late and microdensitometer have a small 

dynamic range which prevents to determine on a single p late the surface brightness 

of a galaxy from i t s  center to i t s  edges. One must take several plates of the same 

galaxy wi th d i f f e r e n t  exposure times. Plate un i fo rmi ty  is also a problem for  sky 

subtract ion -and plate non-uni formi ty ,  even at a l eve l  of  a few per cent in 

i n t e n s i t y  can mimic f a i n t  extensions of galaxies.  F ina l l y  photographic plates have 

qu i te  a poor quantum e f f i c i e n c y ,  of the order of a few per cent, and they do not 

o f f e r  simple qu ick- look analys is .  

Several studies have been done in the past to solve these problems and, with care, 
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i t  t u rns  out poss ib le  to ob ta in  a good accuracy in photograph ic  sur face  photometry 

o f  g a l a x i e s .  They remain unique in  two domains : t h e i r  o v e r a l l  s ize and t h e i r  

r e s o l u t i o n .  On a good p l a t e  i t  i s  poss ib le  to ob ta in  meaningfu l  i n t e n s i t y  

de te rm ina t i ons  on a 10-15 p sca le .  Since they can have very l a rge  dimensions,  up 

to  20 cen t ime te rs  f o r  a prime focus p l a t e  o f  a 4 meter t e l escope ,  they a l l ow  ~he 

obse rva t i on  o f  very l a rge  f i e l d s ,  up to  1 degree on a prime focus.  

A l a s t  advantage o f  p l a tes  i s  t h e i r  low cos t .  They do not r e q u i r e  very expensive 

high techno logy  systems around the te lescope  i t s e l f .  The i r  ana l ys i s  can be done 

a f t e r  in  another  l a b o r a t o r y  which o f f e r s  a l l  the hardware and so f tware  needed f o r  

image a n a l y s i s .  To be analysed,  p la tes  must be f i r s t  d i g i t a l i s e d  w i th  a 

m i c rodens i t ome te r .  U n f o r t u n a t e l y  m ic rodens i tomete rs  did not f o l l o w  the same 

improvements t h a t  pho tograph ic  p la tes  had and they are c e r t a i n l y  the main cause o f  

the l i m i t e d  dynamic range o f  photograph ic  sur face  photometry .  

I I  - C CDs 

The q u a l i t y  and defects of CCOs are exact ly  opposite to those of photographic 

p lates.  They are absolute ly  l i nea r ,  they have a very good quantum e f f i c i e n c y ,  up 

to 80 X for  th in  backside i l luminated CCDs ; they have a wide dynamic range, of 

the order of 104 and since they give numerical i n t e n s i t y  maps, i t  is easy to 

obtain quick look in format ion.  But they have small sizes, t y p i c a l l y  of the order 

of I -2  cm and large p i xe l  sizes, 20-30 ~. The next generation of large size CCDs, 

6 cm x B cm announced to be ava i lab le  in 1985 must solve th is  problem of size but 

even with present CCDs i t  is possible to increase the observed f i e l d  by a scanning 

method (Boroson et al  1983). In th is  mode the telescope d r i f t s  along the column 

d i rec t i on  of the CCD and the CCD is read out with a speed with corresponds to the 

crossing time of an-object across the CCD. This allows to observe very long s t r ips  

of the sky. 

The outstanding photometric propert ies of CCDs make surface photometry much easier 

than with p lates.  In pract ice only 2 e f fec ts  l i m i t  the accuracy of photometry : 

dark current and f l a t  f i e l d i n g .  In general CCDs are operated at s u f f i c i e n t l y  low 

temperatures, below I?OK, for  the thermal dark. current to be neg l ig ib le  even for  

exposures as long as I hour, r e l a t i v e  to the number of photoelectrons coming from 

the nightsky alone. But other e f fec ts  such as photoemission by the on chip 

ampl i f i e r  or edge e f fec ts  can produce large scale pat terns.  These patterns are not 

always exact ly  propor t iona l  to exposure time and may be d i f f i c u l t  to remove with 

an accuracy bet te r  than I X. However these patterns can be suppressed in most CCDs 

by an appropriate se t t ing  of the clock vol tages. Unfor tunately th is  is not always 

done for  the CCDs ava i lab le  on telescopes. Accurate f l a t  f i e l d i n g  i s  also somewhat 

troublesome. A f l a t  f i e l d  correct ion much bet ter  than I X is needed i f  one wants 

to measure the f a i n t e s t  parts of galaxies.  Then one must obtain a f l a t  f i e l d  with 
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the highest possible signal to noise ratio. A good recipe is to obtain from 5 to 

10 uniform frames at an intensity of half the saturation of the CCD. This can be 

done in several ways. A very telescope time consuming method, but the best one is 

to make several long exposures of empty f i e l ds  ; then remove the stars and 

galaxies in each image and take t h e i r  mean. Another p o s s i b i l i t y  consists of 

observing t w i l i g h t s ,  but t w i l i g h t  color temperature is not i d e n t i c a l  to that  of 

nightsky. This may lead to some residuals in the flat field correction with 

broadband filters. Or one can use a continuum lamp which illuminates a diffusing 

zone inside the dome with a filter which increases the color temperature of the 

lamp to mimic that of nightsky. Accuracy of I X may be easily obtained and with 

some care it is possible to reach an accuracy better than 5 x 10 -3 . 

I l l  - COMPARISON OF RESULTS 

The compa r i son  o f  s u r f a c e  p h o t o m e t r y  da ta  o f  a g a l a x y  o b t a i n e d  w i t h  d i f f e r e n t  

d e t e c t o r s  and even by d i f f e r e n t  a u t h o r s  i s  neve r  an easy t a s k .  Each a u t h o r  has h i s  

own way t o  d e t e r m i n e  i n t e n s i t y  p r o f i l e s  and t o  p r e s e n t  t h e  r e s u l t s .  In  t he  w o r s t  

case one f i n d s  o n l y  a s i m p l e  p l o t  i n  a r b i t r a r y  u n i t s .  M o r e o v e r  when a l l  p u b l i s h e d  

da ta  a re  homogene ized ,  r e s u l t s  a re  i n  g e n e r a l  v e r y  d i s a p p o i n t i n g .  D i f f e r e n c e s  as 

l a r g e  as 1 m a g n i t u d e  can be f o u n d .  C a p a c c i o l i  ( t h i s  c o n f e r e n c e )  has g i v e n  good 

examples  o f  t h e s e  t y p e s  o f  p r o b l e m s .  M e a n i n g f u l  compar i sons  can be made o n l y  on 3 

s t a n d a r d  g a l a x i e s  : NGC 33?9,  4486,  and 3115.  However s i n c e  t h e y  have v e r y  l a r g e  

s i z e s  wh i ch  do no t  e a s i l y  f i t  CCD f i e l d s ,  compar i sons  can be made on t h e i r  c e n t r a l  

p a r t s  o n l y .  

For NGC 3379 we have compared t h e  p h o t o g r a p h i c  da ta  d i s c u s s e d  i n  N i e t o  ( 1 9 8 3 a , b )  

and t h e  INAG-CEA CCD da ta  o b t a i n e d  w i t h  t h e  CFH t e l e s c o p e  i n  t h e  b l u e  l i g h t .  The 

CCD i s  a 320 x 512 p i x e l s  RCA t h i n  and b a c k s i d e  i l l u m i n a t e d .  I t  was se t  beh ind  t he  

C a s s e g r a i n  f o c a l  r e d u c e r .  The p i x e l  s i z e  i s  0 .83  a rc  second ,  t h e  f i e l d  i s  4 .4  a r c  

min EW and ?.1 a r c  min NS. The CCD image was o b t a i n e d  w i t h  a 10 min e x p o s u r e  

t h r o u g h  i s o p h o t e s  w i t h  a 0 .2  m a g n i t u d e  s t e p .  In  f i g u r e s  1 and 2 a re  supe r imposed  

t h e  CCD d a t a  ( d o t s )  on t h e  o r i g i n a l  f i g u r e s  o f  N i e t o  (1983a ,  b ) .  A l l  m a g n i t u d e s  

a re  g i v e n  by d i f f e r e n c e s  between a c t u a l  measurements  and t h e  r 1 /4  l aw  wh ich  g i v e s  

t h e  b e s t  f i t  t o  t h e  d a t a .  F i g u r e  1 r e p r e s e n t s  a l l  p u b l i s h e d  r e s u l t s  comp i l ed  by 

N i e t o  ( 1 9 8 3 a ) .  The CCD da ta  were  no t  reduced  t o  t h e  same z e r o  p o i n t ,  and t h e r e  i s  

a ~ .07 mag s y s t e m a t i c  d i f f e r e n c e .  But  r e l a t i v e  v a r i a t i o n s  a re  v e r y  s m a l l .  The rms 

d e v i a t i o n  between ou r  d a t a  and t h e  mean o f  a l l  t h e  o t h e r s  i s  l e s s  t han  0 .02  mag. 

F i g u r e  2 r e p r e s e n t s  i n  t he  same way t he  CCD d a t a  ( d o t s )  supe r imposed  t o  p r o f i l e s  

o b t a i n e d  f rom s e v e r a l  i n d i v i d u a l  p l a t e s  ( N i e t o  1983b) .  The g e n e r a l  ag reemen t  i s  

excellent. However the noise of each individual photographic profile is much 

larger than that obtained with a single COD exposure. To obtain an accuracy with 

plates such as that with COOs one must smooth the photographic profile and take 
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t h e  mean o f  s e v e r a l  p l a t e s  as i t  was done i n  F i g u r e  1. 

For NGC 3379,  we a l s o  compared t h e  R CCD p r o f i l e  o b t a i n e d  i n  t h e  same c o n d i t i o n s  

and a n o t h e r  R CCD p r o f i l e  o b t a i n e d  by Kent  ( 1 9 8 4 ) .  F i g u r e  3 r e p r e s e n t s  t h e  

m a g n i t u d e  d i f f e r e n c e s  be tween bo th  se t s  o f  d a t a .  Wi th  t he  e x c e p t i o n  o f  t h e  3 i n n e r  

a r c  second ,  wh ich  a re  a lways  a f f e c t e d  by s e e i n g  and p i x e l  samp l i ng  e f f e c t ,  t he  

ag reement  i s  v e r y  good and neve r  exceeds  0 .05  m a g n i t u d e .  

We were not able to obtain CCD data for  NGC 4~86 but detailed comparisons were 

made between photographic, SIT, CCD and scanning CCD results by Boroson et al 

(1983). While they found a reasonably good agreement between SIT, CCDs and the 

scanning CCD, the agreement with the photographic results is much worse. Wi th  the 

exception of the de Vaucouleurs and Nieto (1979) measurements which agree at a 

0.05 magnitude level with the CCDs results, the others exhibit  systematic trends 

where differences reach ± 0.2 magnitude. 

This discussion shows that CCD surface photometry is at least of the same qual i ty 

than the photographic one. For objects which f i t  the small f i e ld  of a CCD frame 

( typ ica l ly  less than 5 X 5 (arcmin)2), i t  real ly  saves telescope time to use CCDs 

since observing the same object with plates w i l l  require the acquisition of 

several plates with much longer exposures. Moreover CCDs allow the use of more 

specif ic f i l t e r s  centered on selected spectral features which give better insights 

of the galaxy content (see Vigroux, this meeting). On the other hand the large 

plate size allows the study of objects in much larger f ie lds ,  

preferred for studies of very large objects or for the study of 

objects in a large f ie ld .  
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Discussion 

D. MaliR : A comment rather than a question, to enlarge on some of the 

f igures which have been presented at th is  meeting regarding propert ies of the 

photographic p lates.  

I .  With carefu l  work, f l a t  f i e l d i n g  is not necessary to leve ls  of about 0.5 X of 

the night sky brightness. 

2. The dynamic range of IIaO plates is I0 ,00D: I ,  not the 1000:1 value often 

quoted, which refers to I I I a J  emulsions, espec ia l ly  designed to have high 

contrast .  

3. In th is  context the apparent quantum e f f i c i ency  of a wel l -hypersens i t ized 

I I I a 3 ,  exposed in a ni t rogen atmosphere can reach 5 X, not the I X often quoted. 

I t  should also be noted that  hypersens i t iz ing and N 2 exposure also el iminates 

r e c i p r o c i t y  f a i l u r e .  

4. There is no loss of observing time due to readout, a considerable fac to r  in 

reducing the ove ra l l  observing e f f i c i e n c y  with CCDs, espec ia l ly  larg e ones. 

5. The storage capacity and densi ty  of plates is enormous and t h e i r  a r c h i v a l  

proper t ies,  a f t e r  some ear ly  alarm are exce l len t .  

M. Capaccioli : I disagree with your statement that  CCD pictures cost much 

less telescope time than conventional photographs. I t  seems to me that  a more f a i r  

comparison should be done considering the t o t a l  amount of informat ion col lected 

per un i t  times : t h i s  is  ce r t a i n l y  very large for  Schmidt or prime focus p lates.  

L. Viqroux : For s ingle objects which f i t  i n to  CCD f i e l ds  I bel ieve i t  is 

bet ter  to use CCDs. However as I said prev ious ly  in my t a l k ,  I agree wi th you than 

there is s t i l l  room for  photographic plates in large f i e l d  studies. 

S. D~orqovski : As for  the storage advantages of plates vs. CCDs : in order 

to use a p late,  fo r  most purposes i t  is necessary to d i g i t i z e  i t  ; then you have 

many magnetic tapes, jus t  as with CCDs. But, there is another advantage of CCDs, 

which nobody mentioned so far  : they are Poissonian, white noise detectors,  and 

thus very f r i e n d l y  for  any image processing and image res to ra t i on .  This is not the 

case with any photography - based detectors.  
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Since the completion of the ESO/Uppsala survey for southern galaxies 1982 a 

follow-up study of that survey has been prepared. The main purpose of the original 

survey was to find and classify galaxies on the ESO Quick Blue Survey (QBS). The 

copy plates were visually inspected and all parameters, such as position, size and 

morphology, were determined with the help of the human eye. The number of galaxies 

was restricted by including only objects with angular diameters larger than I'. This 

limit roughly corresponds to 14.5 magnitude and had the advantage that the detected 

systems showed enough structure to classify them morphologically. 14000 galaxies 

passed the diameter limit and together with about 2000 peculiar galaxies, 1000 star 

clusters and 1OO0 planetary nebulae they were assembled in a single volume (ES0/ 

Uppsala Catalogue, A. Lauberts, 1982). 

As soon as ES0 initiated the new red survey on IIIa-F emulsion, plans developed 

to extract for all 16000 galaxies all possible photometric and morphological para- 

meters from the complete set of B and R survey plates. At that time less than 10% of 

the ES0 catalogue galaxies had published magnitudes and almost no red photometry 

existed for these objects. Detailed photometry was known for perhaps 100 of the 

brightest objects. Here we describe an extensive project that aims at calibrating 

both ths B and R survey plates and extracting automatically both photometric and 

morphological parameters for all the galaxies present in the catalogue. A flow chart 

linking the different steps of the project is given in Fig. I (Lauberts and 

Valentijn, 1983). Essentially the project contains the following parts: 

I. Scan the 16000 galaxies with the PDS on 606 Blue and 606 Red original ESO survey 

plates. 

2. Bring together existing photometry in a catalogue and add complementary photo- 

metry using own measurements at the ES0 1 meter telescope. 

3. Calibrate the plates and determine automatically the properties of the galaxies 

using the ESO VAX computers. 

4. Produce a catalogue on paper, magnetic tape and possibly on video disk. 

5- Investigate the data base scientifically. 
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Fig. ~: Flow chart of the automatic parameter extraction listing the computer 
operations and the resulting disk files. Marked disk files indicate that they 
provide a useful data base to the astronomical community. 



75 

By October 1984 all 606 B plates and over 400 R plates have been scanned, a 

catalogue of photometric UBVRI standards has been compiled and after thorough tests 

on ESO field 358 satisfactory versions of the software are in operation. 

In the following we give more detailed information on the different steps and 

present some results of the test field, covering the Fornax cluster. 

Digitizing the Plates 

The plates are positioned emulsion up in the PDS machine, set to zero density 

at the plate fog level. From a reference file the HP computer selects the objects to 

be scanned. An area as large as three times the visible size (about 25 mag B surface 

brightness) of the object is scanned at high speed. A second scan of the central 

area of presumably much higher density is performed at a lower speed. Later the two 

images are combined into one. The artifacts of the logarithmic amplifier of the PDS 

(prior to 1984) which produced asymmetric profiles at high densities are mainly 

recovered by a 2-dim interpolation. January 1984 a much faster amplifier with a 12 

bits A-D converter was installed resolving most of the previous problems. The 

scanning procedure is straightforward although much care must be taken for plate 

alignment and focussing. 

Photometric Calibration 

During three runs (1982-1983) at the ESO I meter telescope, multi-aperture 

photoelectric U,B,V,R,I measurements of 191 standard elliptical and SO galaxies have 

been acquired, selecting one object per survey field (Lauberts, 1984). Together with 

existing measurements 7000 entries have been created in a disk file for the photo- 

metric calibration of the survey plates (Lauberts and Sadler, 1984). Polynomial fits 

to the observed magnitude versus the log of the aperture used have been made for 

every standard galaxy. To recover any mishaps in the observations, a plotted version 

of the photometric catalogue was made by drawing the radial distribution of the V, 

U-B, B-V and V-R measurements together with the fits. 

The characteristic curve I = I(D) is found by fitting log I = A*log(D-Dfog) + 

B*log(Dsat-D) + C to both the standard galaxy aperture photometry and the measured 

calibration spots, the latter being used for the lower intensities. This formula has 

been adopted from Llebaria and Figon in "Proceedings on Astronomical Photography", 

Nice 1981. The resulting transformation coefficients are stored in disk files. At 

present we have data to calibrate about 400 Blue and 250 Red original plates. 

Only one standard galaxy is used for the determination of the characteristic 

curve, leaving the other standards for a verification of the residuals of the photo- 

electric versus photographic measurements. In Fig. 2, representing the data for 
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about 20 galaxies in field 358, we see a clear division in three parts of surface 

brightness. The calibration was given the highest weight in the middle portion with 

the B surface brightness ranging from 21 to 23. On the low intensity side the resid- 

uals fluctuate since the photoelectric observations themselves become inaccurate at 

levels just above the sky brightness. On the high intensity side the residuals grow 

systematically reflecting the lower accuracy of photographic methods, mostly due to 

emulsion saturation at high densities (D>3 on Blue IIa-0, D>4 on Red IIIa-F). To 

some extent these errors may be recovered in the final analysis by combining the 

results from different plates. 
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Fig. 2: The residuals of photographic and photoelectric measurements versus 
the red and blue surface brightness are given in the right and left diagram 
respectively. The diagrams include data for about 20 galaxies in ES0 field 

358. 

Providing a catalogue with the photometry of standard galaxies and the list of 

coefficients of the characteristic curve may be considered as the first two products 

of our project. 

The Automatic Parameter Extraction 

The images of the galaxies are converted from density into intensity, nor- 

malized to sky units, and are then ready for further analysis. 

First a version of the programme INVENTORY is run which detects and classifies 

all objects present in a single frame of a target galaxy and whose central surface 

brightness exceeds that of the sky by a factor 1.5. On average 20 such objects are 

found per frame and their positions, magnitude and classification are calculated 

using a reference point spread function. The data are stored in a separate disk file 

for later investigation. In the future this data bank will be used to search for 
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Fig. 3: Photographic properties derived for the SO galaxy ESO 358-G38 in the 
Fornax cluster. BLUE MAG vs LOG DIAM (circle): Integrated blue magnitude 
versus log major diameter (arcsec), sampled in concentric ellipses with same 
position angle and flattening. For blue surface brightness < 22 the photo- 
graphic values are replaced by, if available, more accurate photoelectric 
values in circular apertures. BLUE SURFBR vs LOG DIAM (triangle): Mean blue 
surface brightness versus log major diameter of the outer ellipse of two 
bounds. B-R vs LOG DIAM (square): Integrated B-R colour versus log major 
diameter of the outer ellipse. B-R SURFBR vs LOG DIAM (cross): Local B-R 
colour versus major log diameter of the outer ellipse. MEAN SURFBR vs 
RADIUS**0.25 (square: B, cross: R): Mean surface brightness versus major 
radius**0.25 (arcsec) of the outer ellipse. ELLIPSE ISOPHOTE vs RADIUS**0.25 
(circle: B, triangle: R): Ellipse approximation to isophotes on smoothed image 
versus major radius**0.25. POS ANG vs LOG DIAM (circle: B, triangle: E): 
Position angle (degrees) versus log major diameter of concentric ellipses 
fitted to isophotes. DIAM RATIO vs LOG DIAM (square: B, cross: R); Ratio minor 
to ma~r diameter versus log major diameter of ellipses fitted to isophotes. 
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peculiar objects, such as quasars and ~ovae, in the neighbourhood of the target 

galaxies. For instance, an automatic survey for objects with a certain colour excess 

will be feasible. The INVENTORY programme finally creates an image with all neigh- 

bouring objects subtracted from the input frame. 

Next, as a first step in a string of our routines, which we have called AND, 

the sky brightness distribution is approximated by a plane using 8 surrounding sub- 

regions. After the subtraction of the sky we are finally set to extract the photo- 

metric and structural information from the B and R images, aligned by superpesing 

common stars. Radial B, R and B-R profiles are stored in the disk catalogue together 

with overall elongations and position angles. For elliptical and SO galaxies concen- 

tric ellipses are fitted to the isophotes determining the radial change of their 

eccentricity and position angle (isophotal twisting). We aim to obtain all these 

parameters for the 16000 survey galaxies and to publish them on paper. However, a 

plotted version of the catalogue seems also very useful as is illustrated by Fig. 3 

which presents one page of such a catalogue. The SO galaxy NGC 1389/ES0 358-G38 has 

a total B = 12.5, a central B-R = 1.5 and a bluer halo colour B-R = 1.3 (Cousins 

systems), follows an r ~/4 law profile and shows, consistently on B and R plates, 

clear evidence for isephotal twisting and has varying axial ratios. 

Once the catalogue has been completed, many items can of course be studied. We 

are highly interested in studying the influence of the environmental conditions of 

galaxies on their fundamental properties. Since the sample contains galaxies in all 

sorts of environments, ranging from purely isolated systems to members of rich 

clusters or superlusters, this objective becomes fesible. Systematic correlative 

studies between galaxy radii, colours, colour gradients and isophotal twisting will 

be possible. At the bottom of the flow chart in Fig. I we have indicated one way of 

presenting the acquired data base. 
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DISCUSSION 

F. Schweizer: How do you combine the fast and slow scans? Do you simply insert the 

smaller slow scan into the larger fast scan? 

A. Lauberts: Yes, I do. 



PHOTOMETRY AND RADIO CONTINUUM OBSERVATIONS OF GALAXIES 
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Saupfercheckweg I ,  D-6900 Heidelberg, FRG 

I. Introduction 

Astronomical observations can now be made in a wide range of the electromagnetic 

spectrum. Comparable angular resolut ion is achievable in radio,  in f rared,  op t i ca l ,  

u l t r a v i o l e t  and X-ray ranges. 

The radio continuum emission of galaxies in the cm to m wavelength range is due 

to two d i f f e ren t  physical processes: the thermal ( f ree- f ree)  emission from HII 

regions ionized by the UV-radiation of high mass stars and the nonthermal (synchro- 

tron) radiat ion from cosmic ray electrons bound by magnetic f i e lds .  We do not dis- 

cuss the central a c t i v i t y  and the weak radio continuum of early type galaxies and 

therefore we w i l l  confine the fo l lowing discussion to spiral  galaxies only. For these 

types of galaxies the radio continuum traces the high mass end of the s t e l l a r  mass 

range. The young OB stars are i nd i rec t l y  responsible for  the thermal emission while 

the nonthermal radiat ion is most probably due to electrons accelerated in supernova 

remnant shock fronts.  The comparison of opt ical  and radio data opens new ins ight  

into the physics of act ive star formation regions and the i n t e r s t e l l a r  medium. 

2. The Dis t r ibut ion of Radio Continuum 

The radio continuum emission from galaxies can be separated into three d i s t i nc t  

components: ( I )  the nucleus, (2) the " th in disk" connected with the young population 

and (3) the "thick disk" or f la t tened halo. 

The nucleus is a prominent region in radio continuum in almost every galaxy. I ts 

predominance varies with galaxy type. The most intense central sources are found in 

e l l i p t i c a l  and starburst galaxies l i ke  M82 and NGC 253. S ta t i s t i ca l  arguments by 

Hummel (1981) indicate however that the radio in tens i ty  of the nucleus has no cor- 

re la t ion  with that of the disk. 

In most galaxies more than 90% of the tota l  radio power or ig inates in the tota l  

disk (Hummel, 1981). An important contr ibut ion to the radio in tens i ty  comes from 
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the spiral  arms. In high resolut ion maps radio continuum peaks are associated with 

the dust lanes. This is general ly believed to be a confirmation of the existence of 

density waves. In these dust lanes we expect compressed magnetic f i e lds  which con- 

t r ibu te  to the enhancement of the synchrotron radiat ion.  However, since in some 

galaxies the radio continuum peaks do not coincide with dust lanes, th is  in terpre-  

ta t ion is not general ly appl icable. 

Observations of edge-on galaxies indicate that cosmic rays and magnetic f i e lds  

have a much larger scale height in z than the young population. The disk emission 

could be separated into a " th in"  and a " th ick"  component for  NGC 891 and the Galaxy 

(Al len and Hu, 1984). 

Studies of larger samples of galaxies (e.g. Gioia et a l . ,  1982; Harnett, 1982; 

Israel et a l . ,  1984) showed that the to ta l  f l ux  density spectrum is s t ra igh t  (power 

law) over a large frequency range. Furthermore the spectral index is ~ = 0.74 

( S  = ~-~) with a remarkably small deviat ion. Bearing in mind that thermal emission 

is known to be present in galaxies from opt ical  studies, th is  value is the lower 

l i m i t  for  the nonthermal spectral index. Taking a nonthermal spectral index ant = 

0.8 Gioia et a l .  showed that t he i r  sample of galaxies had a thermal component of 

less than 40% at 10.7 GHz. 

Mult i frequency maps al low studies of the d i s t r i bu t i on  of the spectral index and 

are very valuable in enabling us to separate the thermal and nonthermal components. 

The spectral index var ia t ions are not large, and therefore maps of the same angular 

resolut ion at widely spaced frequencies are required. Attempts to determine the 

thermal f rac t ion  have been made by numerous authors (e.g. Beck and Gr~ve, 1982; 

Klein et a l . ,  1982). The nonthermal spectral index was found to be around 0.8 with 

a steepening of about 0.2 towards the edges of the galaxies. Assuming th is  spectral 

index to be constant across the inner disk of the galaxy the var ia t ion of the thermal 

f rac t ion  could be determined. 

More detai led discussions about the radio continuum emission of galaxies are 

given by Ekers (1981), Sancisi and van der Kru i t  (1981), Wielebinski (1983), and 

Beck and Reich (1984). 

3. Origin of Nonthermal Radio Continuum 

Cameron (1971) showed f i r s t  that the to ta l  opt ical  luminosi ty and the radio 

power correlate rather we l l .  This implies that the radio power increases with the 

number of stars. More detai led studies of radio emiss iv i ty ,  integrated colours and 

Ha f luxes (Kle in,  1982; Kennicutt,  1983) indicated that nonthermal emission is 
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related to the young s t e l l a r  population and hence the b i r th  rate of massive stars. 

Further evidence that massive stars are responsible for  the nonthermal emission is 

given by the strong cor re la t ion between radio continuum at 6 cm and the IRAS 60 Nm 

and 100 Nm f luxes (Klein et a l . ,  1984a). 

This resu l t  seems incompatible with the scale lengths of synchrotron radiat ion 

which are several kpc longer than those of HII regions (Berkhuijsen and Kle in,1984).  

As synchrotron emission re f lec ts  the combined d i s t r i bu t i on  of cosmic ray electrons 

and i n t e r s t e l l a r  magnetic f i e l d s ,  both of these d i s t r i bu t ions  must be broad whi le 

the energy may be provided by sources in the spira l  arms, most probably supernovae. 

Single SNRIs are strong radio sources, but t he i r  contr ibut ion to the tota l  radio 

emission of a galaxy is small. Af ter  accelerat ion in the shock fronts of SNR's, 

cosmic ray electrons d i f fuse into the hot i n t e r s t e l l a r  medium (see model by Bogdan 

and V~Ik, 1983). This view is supported by the determination of the mean synchro- 

tron spectral index which is s i g n i f i c a n t l y  steeper than that of supernova remnants 

ind ica t ing  d i f f us i ve  losses of cosmic rays in the i n t e r s t e l l a r  medium. The under- 

standing of cosmic ray propagation may also benef i t  from the observation that the 

spectral index in the " th ick  disk" of edge-on galaxies is steeper than near the 

plane (Al len and Hu, 1984). 

More detai led models of the par t i c le  accelerat ion in SNR's require more informa- 

t ion about the evolut ion of SNR's with d i f f e ren t  explosion energies and with d i f f e r -  

ent properties of the surrounding i n t e r s t e l l a r  medium. Progress on the question of 

the propagation of cosmic rays can be expected from the observation of the var ia t ion  

of synchrotron i n tens i t i es  and radio spectral indices and from the d i s t r i bu t i on  of 

massive stars,  Ha emission and SNR's in sp i ra l  galaxies. 

4. Origin of Thermal ( f ree- f ree)  Emission 

In external galaxies the thermal f rac t ion  is small even at cm wavelengths. 

Radio measurements reveal the tota l  thermal emission unaffected by ex t inc t ion .  

Therefore th is  thermal f l u x  density is usual ly higher than that  expected from Ha 

observations. The thermal f l ux  density y ie lds  the number of Lyc-photons NLy c pro- 

duced by the ion iz ing  stars. This gives information on the upper end of the PDMF 

and SFR i f  NLy c is compared to the number of OB stars (Berkhuijsen, 1983). 

The comparison of the thermal radio emission with the cal ibrated Ha emission 

y ie lds  an estimate of ex t inc t ion  and i t s  var ia t ion  w i th in  a galaxy (e.g. Berkhuijsen, 

1983; Klein et a l . ,  1984b). The galaxies studied so fa r  show some ind icat ion fo r  

varying ex t inc t ion  with radius which may corre late with the var ia t ion of other 
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Fig. I :  Radial d i s t r i bu t ions  of several 

const i tuents in M51: the blue l i g h t ,  the 

far  infrared luminosi ty ,  the CO column 

densi ty,  the thermal and nonthermal radio 

brightness temperature at 14.7 GHz and 

the opt ical  ex t inc t ion .  Relative uni ts 

are used. (From Klein et a l . ,  1984b) 

quant i t ies l i ke  metanici ty (see Figure I ) .  

I f  the ex t inc t ion  is known from measurements of the Balmer decrement, an inde- 

pendent test  fo r  the separation of thermal and nonthermal emission is possible. This 

is necessary to invest igate whether the nonthermal spectral index is in fact  almost 

constant across the inner parts of a galaxy. 

5. Magnetic Fields and Dust 

Magnetic f i e lds  are known to be present in galaxies from opt ical  po lar isat ion 

measurements ( for  a review see E lv ius ,  1978). The opt ical  resul ts  indicate f ie lds  

aligned along the spi ra l  arms. The detection of radio po lar izat ion in M51 and M81 by 

Segalovitz et a l .  (1976) confirmed the existence of large-scale magnetic f i e lds  in 

nearby spira l  galaxies. The 'E' vectors were perpendicular to the spira l  arms with a 

rather uniform d i s t r i bu t i on .  Some more galaxies are studied un t i l  now showing again 

'E' vectors at 90 ° to the arms and dust lanes. 

A more general pattern of magnetic f i e lds  in galaxies has now emerged. The 

magnetic f ie lds  are aligned along the spira l  arms with a high degree of uni formi ty  in 
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those galaxies where density waves are thought to be strong. The mean ra t io  of the 

uniform to random component of the f i e l d  shows some corre lat ion with the absolute 

luminosi ty of a galaxy (Beck and Reich, 1984). The magnetic f i e l d  strengths (using 

the energy equ ipar t i t i on  argument) are in the range 3 -10  pG. These values imply 

that magnetic f i e lds  should be considered as an important parameter in the evolut ion 

of sp i ra l  s t ructure.  

Gas motion and d i f f e r e n t i a l  ro ta t ion can dr ive a dynamo to maintain the in te r -  

s t e l l a r  magnetic f i e l d  in a to rus - l i ke  conf igurat ion,  as observed in M31 (Beck, 1982). 

Dynamo theory gives predict ions for  the radial  var ia t ion of the magnetic f i e l d  

strength (Ruzmaikin and Shukurov, 1981) which can be tested i f  the d i s t r i bu t i on  of 

cosmic rays is known. The in terpre ta t ion  of magnetic f i e lds  in terms of a bisym- 

metric open conf igurat ion was given by Tosa and Fujimoto (1978). Observations of the 

ro ta t ion measures can d is t ingu ish between both theories. The questions of the small- 

scale st ructure of magnetic f i e l d s ,  the occurrence of reversals etc. remain open. 

The polarized synchrotron emission depends on the strength~ or ientat ion and 

alignment of i n t e r s t e l l a r  magnetic f i e lds  while polarized s t a r l i g h t ,  as a resu l t  of 

the or ienta t ion of dust par t ic les (Davis-Greenstein-mechanism), mainly depends on the 

s ize,  shape and composition of the par t i c les .  Coordinated po lar izat ion observations 

in the radio and opt ical  range could help invest igat ing the magnetic f i e l d  structure 

and properties of the i n t e r s t e l l a r  dust. More detai led opt ical  po lar izat ion measure- 

ments are therefore h ighly  desirable and w i th in  the p o s s i b i l i t i e s  of modern detectors 

(McLean et a l . ,  1983). 

6. Future Prospects 

Beside the desired observations of Pop I objects and opt ical  po la r iza t ion ,  obser- 

vations of blue compact galaxies are of special in terest  since they lack any ordered 

pattern but nevertheless exh ib i t  high star formation rates occurring in bursts 

(Klein et a l . ,  1983). Their spectra are s i g n i f i c a n t l y  f l a t t e r  than those of spi ra l  

galaxies. The nonthermal emission expected from SNe seems to be very small. The 

observed nonthermal emission is probably a superposit ion of single SNRs and the 

r e l a t i v i s t i c  electrons are not stored in these galaxies. Blue compact galaxies o f fe r  

the chance to study a small port ion of i n t e r s t e l l a r  medium without the ef fect  of fast  

ro ta t ion ,  density waves and dynamos. 

We wish to thank Drs. E. Berkhuijsen, E. Hummel and U. Klein for  very helpful  

discussions and G. Breuer fo r  typing the manuscript. 
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GALAXY PHOTOMETRY IN THE INFRARED 

A.F.M. Moorwood 

European Southern Observatory 

D-8046 Garching bei MUnchen 

1. Introduction 

Both the scope and the opportunities for obtaining infrared photo- 

metric data on galaxies have increased substantially during the last 

few years following the provision by most of the major observatories 

of common user infrared photometers on 3-4m class telescopes. Included 

amongst these are the 3m NASA IRTF and 3.8m UKIRT dedicated infrared 

facilities on Mauna Kea. Not only the quantity but also the quality of 

infrared photometry has also improved as a result of both instrumental 

developments and the greater effort devoted to achieving accurate, 

well calibrated data. In the first section of this review I will 

briefly elaborate on some of these aspects by way of an introduction 

to the infrared photometric system and its capabilities which I hope 

will prove useful to non-infrared specialists. 

Within the space allocated to this contribution it is impossible to 

attempt anything approaching a comprehensive review of the, now 

extensive, applications and results of infrared photometry in galaxy 

research. By drawing primarily on recent work in the areas of star 

formation and cosmology however I will attempt to emphasize both some 

unique aspects of infrared photometry and, in line with the theme of 

this session, its complementarity with photometry at shorter 

wavelengths. 

2. The Groundbased Infrared Photometric System 

Infrared photometry from the ground is restricted to a number of 

atmospheric transmission windows which are shown on Fig. 1 together 

with the designations and centre wavelengths of the most commonly used 

broad-band filters. The best windows are J, H, K and N where the 

extinction is typically ~ 0.i mag./air mass. As can be seen on the 

figure, transmission at k ~ 18~m is critically dependent on atmos- 

pheric H20 content and observations in this range are consequently 

limited to excellent mountain altitude sites. 
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Fig. I. Atmospheric transmission for I mm of precipitable H20 above a site at 
2400m altitude (computed by G. Finger at ESO using the LOWTRAN 
program). Letter designations and centre wavelengths are shown for 
the principal IR photometric bands. 

Airglow and thermal emission from the atmosphere and telescope 

determines the limiting performance of broad band photometry 

(Ak/k > 0.i) over most of this wavelength range. At k > 2pm, usually 

called the thermal infrared, this background radiation exceeds that 

from faint astronomical sources by many orders of magnitude. In order 

to isolate the source signal therefore it is usually necessary to 

employ a combination of sky chopping and beam switching i.e. a 

suitable optical element (usually the telescope secondary) is driven 

such that the detector alternately views two fields projected on the 

sky (at ~ i0 Hz) while the telescope is moved periodically (~ .i Hz) 

so as to centre the astronomical object alternately in the two fields. 

Using this technique, both the sky emission and any signal resulting 

from differences in telescope background between the two chopped 

fields can thus be cancelled. Shot noise on the background radiation 

cannot be cancelled of course and this determines the achievable 

magnitude limits. Using a 4m class telescope and diaphragms of a few 

arc sec., practical magnitude limits are around 20 at J and H, 18 at 

K, 12 at L, 8 at N and 4 at Q. In relating these to optical photometry 

it should be noted that the stellar light from normal galaxies has 
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V-K = 3 at zero redshift and = 6 at z = i. Large samples of galaxies 

are thus now accessible for near infrared photometry and the detection 

limit for distant galaxies at K is competitive with optical CCD's. At 

longer infrared wavelengths, direct starlight can only be observed in 

bright, nearby, galaxies and most programmes in the thermal infrared 

are directed towards active and star burst galaxies which exhibit 

infrared excess emission above the stellar continuum. 

Standardization of near infrared photometry has improved considerably 

in recent years and several lists of standard stars have now been 

published. Curiously, these originate mostly from Southern Hemisphere 

observatories: AAO (Allen and Cragg, 1983), CIT/CTIO (Elias et al., 

1982), ESO (Engels et al., 1981; Koornneef, 1983), SAAO (Glass, 1974; 

Carter, 1984, in preparation). These systems exhibit internal 

consistencies in the 0.01-0.03 mag. range and colour equations for 

transforming between them are discussed in the above references. They 

all yield close to zero magnitude in all bands for ~ Lyr and thus 

provide a natural extension of the optical photometric system. For the 

mid-infrared, a limited list of standards useable around 10pm is given 

in Thomas et al. (1973) and the 20pm system has recently been 

discussed by Tokunaga (1984).' 

3. Some Astronomical Applications of IR Galaxy Photometry 

i) Overview. The sensitivity of currently available instrumentation 

is now such that all known classes of extragalactic objec~ can be 

observed at least in the near infrared. This includes not only 

visually identified objects but also certain radio galaxies with no 

detectable or extremely faint optical counterparts (Rieke et al., 

1979; Lilly and Longair, 1984). Early results from the IRAS satellite 

all sky infrared survey indicate that several thousand galaxies have 

been detected at k N 100pm and that a substantial fraction of these 

are radiating the bulk of their luminosity in the infrared (Soifer et 

al., 1984). The subject of infrared galaxy photometry is thus an 

extensive one and one that is growing rapidly to include most areas of 

extragalactic research. 

In terms of radiation mechanisms, the infrared region is unique in 

providing information on thermal emission from dust grains heated by 

recently formed massive stars or by the non-thermal central sources in 

active galaxy nuclei. The discovery of infrared sources of this type 



88 

and the possibility of also detecting pure non-thermal emission in 

AGN's in fact established and then dominated infrared galaxy 

photometry in the early 1970's. This is still an important field of 

research which continues to generate considerable debate on the nature 

and origin of the infrared emission from QSO's, BL Lacs, Seyfert 

galaxies and LINERS. IRAS data at longer wavelengths may have a 

conside~ble impact. Given the restricted length of this contribution 

however I will avoid further discussion of this issue by referring to 

the excellent review by Rieke and Lebofsky (1979) and to some more 

recent papers (Glass and Moorwood, 1984; Glass et al., 1982; Allen et 

alo, 1982; Hyland and Allen, 1982; Ward et al., 1982). In order to 

illustrate some of the specific features of infrared photometry I will 

discuss in somewhat more detail a number of recent developments in the 

areas of star formation and cosmology which are probably less widely 

known. 

ii) Star Formation. The presence of hot, massive stars in galaxies 

has traditionally been detected by searching for blue visible- 

ultraviolet colours and/or optical emission lines from ionized gas. 

Infrared surveys of spiral galaxy nuclei however indicate that it may 

be more common for the luminosity of recently formed OB stars to be 

absorbed and re-radiated at mid-far infrared wavelengths by dust 

associated with their parent molecular cloud/HII region complexes. 

Adopting emission at 10pm as an indicator for example, Rieke and 

Lebofsky (1978) concluded from a survey of nearby galaxies that recent 

star formation has probably occurred in ~ 40% of all spiral galaxy 

nuclei. Becklin et al. (1984) suggest that this figure may be closer 

to 100% for :spirals in the Virgo cluster and a similarly high 

efficiency for star formation induced by galaxy interactions has been 

claimed by Joseph et al. (1984) on the basis of a 3.8~m survey. 

A number of galaxies exhibiting extremely prominent thermal infrared 

spectra and luminosities of typically ~ i0 I° L® have been studied in 

more detail with the conclusion that intense bursts of massive star 

formation have indeed occurred recently in their nuclei (e.g. M82 and 

NGC 253 (Rieke et al., 1980), IC 342 (Becklin et al., 1980), Circinus 

and NGC 4945 (Moorwood and Glass, 1984), NGC 6240 and Arp 220 (Rieke 

et al., 1984)). The latter two represent the most luminous examples 

known with LIR ~ 1012 L® as revealed by IRAS observations. Fig. 2 is a 

plot of the ultraviolet-radio energy distribution of the Circinus 

galaxy showing the characteristically steep rise through the mid and 
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Fig. 2. Energy distribution from ultraviolet to radio wavelengths for the 
Circinus galaxy IMoorwood and Glass, 1984). Solid dots represent 
groundbased IR observations while the dots in circles are from IRAS. 

far infrared. In severa ! of these cases however, caution must be 

exercised before attributing all of the infrared luminosity to star 

formation. Some for example exhibit Seyfert 2 or LINER rather than the 

intense HII region type optical spectrum which characterizes the 

prototype starburst galaxy NGC 7714 as defined by Weedman et al. 

(1981). The Seyfert 1 galaxy NGC 7469 provides an example of star 

formation in a region surrounding an obviously non-thermal active 

nucleus (Cutri et al., 1984). ~ether Seyfert and starburst activity 

sometimes co-exist by chance, whether they are related in a physical 

or evolutionary way and whether Seyfert and/or ~ LINER type optical 

spectra can result from starbursts alone in the absence of non-thermal 

sources of ionization are all important questions for future work. 

The contribution of near infrared photometry to star formation studies 

stems curiously enough largely from the fact that near infrared 

colours are dominated by the older stellar population and are 

relatively insensitive to the presence of hot stars. As pointed out by 

Struck-Marcell and Tinsley (1978) however, this means that the 
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position of a galaxy in the U-B, V-K two colour diagram should be 

extremely sensitive to its star formation history. Their own model 

predictions for a starburst lasting for 2.10 7 years in an old stellar 

population are shown in Fig. 3 together with recent observational data 

for various galaxy types as identified in the caption. What is 

observed is a steady progression in the direction of mainly burst 

strength (fractional galaxy mass involved in the burst) from normal 

galaxies to ones with optical emission lines to ones with optical 

emission lines plus infrared excesses to the most extreme blue compact 

dwarf galaxies. Significant colour evolution can be seen to be present 

already when only ~ 0.1% of the galaxy mass is involved in the burst. 

Highly obscured regions of star formation such as those discussed 

above are not of course revealed in this diagram. A nice example of 

the complementarity with mid-infrared photometry however is provided 

by the E/SO galaxy NGC 5253. Its position in the U-B, V-K diagram 

indicates recent star formation and is consistent with the presence of 

a very obvious and extended visible HII region complex. Its mid- 

infrared properties however suggest that massive stars are forming now 

in a compact, visually obscured, region at the centre of the galaxy 

(Moorwood and Glass, 1982). Further work is now required in this area 

to include colour effects due to the presence of supergiants and 

ionized gas not included in the original models (Huchra, private 

communication, Terlevich, comment appended to this contribution). 
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The possibility of combining UBV and near infrared photometry to study 

star formation occurring under entirely different conditions from 

those discussed so far has been demonstrated recently by Valentijn and 

Moorwood (1984). They obtained infrared photometry as a function of 

radial distance out to ~ i00 kpc from the nucleus of the central cD 

galaxy in the A496 cluster which appears to be accreting intracluster 

gas in an X-ray cooling flow. Visible-infrared colour indices were 

then determined by integrating digitized U, B, V electronographic 

images under simulated apertures corresponding to those used in the 

infrared. Population synthesis models constructed to fit the observed 

colour gradients lead to the conclusion that the main sequence stars 

are characterized by an upper mass cutoff which increases from ~ 0.5 

M® at the centre to ~ 1.6 M® at I00 kpc and the contribution from 

giants increases with radial distance from the centre. Support for the 

idea that the currently observed stars may have all formed in the 

cooling flow comes independently from the X-ray data. These yield a 

radial dependence of the Jeans mass which mimics the derived upper 

mass cutoff and a total accreted gas mass equal to the total mass of 

stars required in the population synthesis. 

iii) Cosmology. The fact that the near infrared emission from most 

galaxies appears to be dominated by late type giants makes this an 

attractive spectral region for several cosmological applications. 

Aaronson and Mould (1983) for example have shown that the Tully-Fisher 

relationship is much tighter and probably less type dependent if 

infrared H (l.6pm) rather than B magnitudes are used. This relation- 

ship between magnitude and hydrogen 21cm line width reflects the 

underlying luminosity-mass relationship and the smaller dispersion 

probably reflects both the fact that H magnitudes are a better measure 

of the old galaxy population and that the extinction at this 

wavelength is far lower than in the blue. Observations of ~ 300 

galaxies have now been used to determine distances to several clusters 

and lead to a value of H o = 80 km s -I Mpc -I. So far, calibration of 

this relationship is based on existing distance calibrators. 

Independently however, McGonegal et al. (1983) have now undertaken a 

redetermination of the Local Group distance scale based on infrared 

photometry of Cepheids. This is expected to yield a more reliable 

result than previous optical work because the period-luminosity 

relationship in the infrared appears to again be tighter and suffer 

less from extinction, temperature, metallicity etc. 
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Another consequence of the fact that the near infrared emission from 

galaxies is dominated by giants is the lack of colour evolution. 

Models due to Bruzual (1983) predict no significant colour evolution 

in the near infrared out to z ~ 2. Observations now seem to confirm 

this out to z = 0.6 for an optically selected sample (Ellis and Allen, 

1983) and to z = 1.2 for a radio selected sample (Lilly and Longair, 

1984). An interesting potential application of infrared photometry 

therefore is the determination of redshifts for distant galaxies. 

While confirming the absence of infrared colour evolution, both of 

these studies have revealed strong visible-infrared colour evolution 

which appears to reflect increased star formation activity in the 

past. 

Lilly and Longair have also used their data to construct a K (2.2pm), 

z Hubble diagram with the aim of determining qo" Although promising, 

further work now seems to be required. Assuming no luminosity 

evolution, the value obtained is ~ 3. Alternatively it can be argued 

that a value of < 0.5 is consistent with luminosity evolution at K 

amounting to = 1 mag. at z = i. If this is the case however then this 

reflects the evolution of the underlying old stellar population and is 

thus likely to be much better behaved than that at shorter wavelengths 

where an additional and, apparently, random contribution due to bursts 

of star formation is also present. 

4. Future Prospects 

There is no shortage of astrophysically interesting problems which 

infrared photometry can tackle in the coming years. Until now however 

infrared photometers have, of necessity, employed only single element 

detectors and have thus been capable of providing only limited spatial 

coverage (by mapping) and resolution. This situation is now changing 

rapidly with the development of various panoramic CCD, CID and other 

detectors which are sensitive in the groundbased infrared region. 

Although not yet in routine astronomical use, devices with up to 

32 × 32 pixels have already been used for galaxy imaging (McCreight, 

1984) and the further development of these devices should clearly 

increase not only the data rate but also the scope for infrared galaxy 

photometry in the future. 
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Discussion 

R. Terlevich: I would like to mention some recent results of work 

that will be appearing in MNRAS in the near future and that is a 

result of the collaboration with Alison Campbell from Cambridge. We 

performed infrared photometry on a sample of 14 violent star forming 

regions. Their IR colours show that most of the 2pm flux in these 

objects is produced by ionized gas and cool evolved stars. The 

detection of a deep CO index (k = 2.3pm) in two objects reveals that 

the cool stars are in fact young, luminous, red supergiants and not 

old red giants. 

L. Gou~u~heim: You mentioned the infrared Tully-Fisher relation and 

argued that IR luminosities give a better estimation of total 

luminosities than the blue ones. However, it must be stressed that 

total magnitudes are needed (corrected for aperture). 
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Introduction 

Many nearby normal galaxies have been detected as X-ray sources 

by the Einstein Observatory. The X-ray emission from the normal stellar 

component is presumably negligible but populations of X-ray binaries 

and supernova remnants as well as any hot interstellar medium were ob- 

servable. The X-ray luminosity of a galaxy is typically about 0.01 per 

cent of its visual luminosity. The emission from late-type galaxies, 

which is mostly due to X-ray binaries, is discussed here, then a more 

detailed account is given of the discovery and implications of sub- 

stantial amounts of ~ 10 million degree interstellar gas in early-type 

galaxies. The density of much of this hot gas is high enough that a 

cooling flow may occur with consequent high-pressure star formation. 

Spiral and Irregular Galaxies 

The X-ray appearance of our own Galaxy may be typical of many 

spiral galaxies. Two major populations of luminous X-ray binaries are 

evident. Those in the disc of the galaxy are mainly associated with OB 

stars and are due to accreting neutron star or black hole binary com- 

panions (e.g. Cen X-3 and Cyg X-l). The Population II sources concen- 

trated in the 'bulge' and in the globular clusters are in orbit about 

lower mass stars. The most luminous sources are not much more powerful 

than 1038 erg s -I, which is the Eddington limit for I M objects. Gal- ® 
actic supernova remnants appear to be at least a factor of 10 - 100 

times less luminous. 

The Magellanic Clouds are much richer, per unit mass, in luminous 

Population I X-ray binaries than our Galaxy (Clark et al. 1978). M31 

is much richer in X-ray luminous globular cluster and central bulge 

sources (van Speybroeck et al. 1979). There are no clear answers to 

these differences, although abundance variation may be an important 
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factor. A number of other nearby spiral galaxies have been resolved 

in X-rays (Long & Van Speybroeck 1983 and references therein). 

Some irregular galaxies in which star formation is particularly 

active have ratios of X-ray to visual luminosity of between 10 -I and 

10 -2 (Fabbiano et al. 1982; Stewart et al. 1982). It is presumed that 

many massive X-ray binaries are formed in these regions, although there 

is no firm evidence. 

Elliptical and SO Galaxies 

Extended X-ray emission from a number of early-type galaxies in 

the Virgo cluster was discovered soon after the Ei__nstein Observatory 

was launched (Forman et al. 1979). This was in addition to the well- 

known diffuse X-ray source centred on M87. The X-ray 'plume' to M86 

(Forman et al. 1979) suggested that much of the emission was due to hot 

gas, which in that case was being pushed out of M86 by the ram pressure 

of the intergalactic (or circum-M87) gas. Diffuse X-ray emission was 

also found in Centaurus-A (NGC 5128) by Feigelson et al. (1981), who 

argue convincingly that the emission is most unlikely to be due to stars 

or to X-ray binaries. 

Further observations by Bechtold et al. 1983, Biermann & Kronberg 

1983, Nulsen et al. 1984 and, in particular, Forman & Jones 1984, have 

produced a list of 30 or more X-ray detected elliptical and SO galaxies. 

Although many of these are in the Virgo cluster, there appears to be no 

strong environmental influence provided they are not in a rich cluster. 

Reasonably isolated elliptical galaxies have similar X-ray to optical 

luminosity ratios (Lx/L V) to those in groups and loose clusters. The 

dependence of L X on L V is steeper (L X < L V , where 3/2 < ~ < 2) than 

for spiral galaxies, where ~ z I. This argues further against a binary 

source origin (Forman & Jones 1984). 

The X-ray spectra of early-type galaxies is best fit by radiation 

from not gas with a temperature of about 107K. The emission extends 

for at least 10 kpc in most cases and may extend much further in some 

well-studied cases (Forman & Jones 1984). If we adopt the simple view- 

point that the X-rays ark due to hot gas, then there are a number of 

interesting consequences. 

First, we note that the mass of interstellar gas in elliptical 

galaxies is at least 108Me within about 10 kpc, and may be considerably 

more at larger radii. Early-type galaxies have a substantial interstellar 

medium. 
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Figure I. Electron density profile in the Virgo elliptical galaxy, 
NGC 4472, produced from a deprojection of the X-ray surface brightness 
by K.A. Arnaud. The X-ray data (Forman & Jones 1984) are from the High 
Resolution Imager and the Imaging Proportional Counter of the Einstein 
Observatory. 

Second, it is clear that much of this gas must be close to hydro- 

static equilibrium. If its motion approaches the sound speed, then the 
-I 

mass flow rate must exceed ~ 10 M e yr - far too high for either an 

outflow or an inflow. Galactic winds (see Johnson & Axford 1971, 

Mathews & Baker 1971) do not occur in most galaxies. The energy input 

from supernovae cannot be large. 

Third, the equation of hydrostatic support can be used to obtain 

accurate mass profiles for elliptical galaxies from X-ray observations. 

Basically dP 
gas 
dr = - Pgas g(r) 

where g(r) is the acceleration due to gravity (GM(r)/r). The X-ray sur- 

face brightness profile and gas temperature distribution give Pgas(r) 

and Pgas(r) and thus M(R) . So far the weak link in this reasoning is 

the measurement of gas temperature profiles; the Einstein data suggest 

a roughly isothermal gas with T z 107K. The gravitating mass of a galaxy 

M is then proportional to radius; 
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Finally, the relatively high density of the interstellar gas means 

that its radiative cooling tzme tcool is less than the Hubble time within : 

R ~ 20 - 30 kpc. tcool < 108 yr within ~ 10 kpc (Nulsen et al. 1984). 

It is likely that a coollng inflow of gas occurs (for a review see 
-I 

Fabian et al. 1984) involving about 0.1 - I M® yr___~ A rough steady- 

state may be reached within the galaxy where stellar mass-loss into the 

interstellar medium is compensated for by cooling (see also White & 

Chevalier 1984). 

The cooled gas presumably forms stars. The conditions are however 

different from spiral galaxies and star formation may there proceed with 

a different initial-mass-function (IMF) than is inferred for our Galaxy 

(Jura 1977; Fabian et al. 1982; Sarazin & O'Connell 1983). In parti- 

cular, the pressure is 100 - 1000 times higher than in the local inter- 

stellar medium so that the Jeans mass (at a given low temperature of 

say 10 K or less) is 10 times smaller. The bulk of the star formation 

may therefore involve low-mass stars which contribute little optical 

light. This is particularly necessary for the large-scale cooling 

flows observed in clusters of galaxies and involving hundreds of solar 

masses per year (see Fabian et al. 1984). The implication of this is 

that the star formation rate in elliptical galaxies is only slightly 

less than it is in spiral galaxies. The major difference lies in the 

stellar IMF. As inflow is involved - individual gas elements probably 

do not move in more than a factor of two or so in radius - the structure 

of early-type galaxies must be continuing to evolve. The implied steep 

IMF for cooling flows provides a source of baryonic matter with a high 

mass-to-light ratio. The cooling flow may be the 'tail-end' of galaxy 

formation. 

There are, of course, further consequences of such inflows for 

nuclear activity in elliptical galaxies, for the propagation of radio 

jets, and for the signs of star formation observed at ultraviolet wave- 

lengths (e.g. Bertola et al. 1979). Unfortunately, further X-ray obser- 

vations must await the launch of ROSAT in two or three years time. 
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DISCUSSION 

M. Capaccio_l~ : Both the asymmetry and the distortion presented by the 
X-ray map of M86 have been detected in the optical image of the galaxy. 
From a collection of (weak) evidence D. Malin, J.L. Nieto and myself 
are inclined to believe that there is a physical but transient inter- 
action between M86 and M84, which took place in tne past 10 years and 
caused the optical and radio phenomena observed in the two objects, 
including the supernova explosion which occurred in between them. 

j. Nieto : Concerning the mass of M87 determined from X-rays and the 
underlying hypotheses, I would like to mention that other mass deter- 
minations relying on completely different hypotheses highly confirm a 
mass larger than a few times 1012 M e beyond 5' - 7' (Nieto and Monnet, 
1984, A. & A., to be published; Huchra, 1984, ESO Workshop on the Virgo 
cluster of galaxies). 

O. Gerhard : In order to work out the gas mass involved in the cooling 
flow, could you give the median inferred gas mass in the ellipticals 
sample, and the radius at which the cooling time exceeds a Hubble time? 

A. Fabian : The unpublished work of Forman & Jones suggests a median 
gas mass of ~ 1010 M e for large ellipticals ranging down to < 108 M® for 
smaller objects. The cooling time = Ho-1 at ~ 30 kpc in N4472. For 
N1395 (wnich may not be very different), Nulsen et al. (MNRAS, 208, 185) 
obtain 5 x 108 M® within 10 kpc. 

E. Khachikian : Have you any observational evidences of the gas flow 
to the centre of any galaxy? 

A. Fabian : No direct evidence. The flows are highly subsonic, so we 
do not expect to easily observe the inflow velocity (but see HI result 
by Crane et al. in IAU 97 Proceedings). 
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A. Bosma : What would happen to the cooling flow if a small galaxy 
falls into a big elliptical? 

A. Fabian : Not very much (1%hink). It will depend upon whether the 
galaxy motion is supersonic or not; the gas will settle back in a sound 
crossing time. 

A. Moorwood : Valentijn and myself have observed radial visible-IR 
colour gradients out to 100 kpc from the centre of the A496cD galaxy 
which are consistent with star formation in a cooling flow. Population 
synthesis indicates a main sequence upper mass cutoff which increases 
from ~ .6 M e at the centre to ~ 1.6 M e at 100 kpc plus an increasing 
contribution from giants with increasing radius. The mass cutoff of 
the MS is also consistent with the radial variation of the Jeans mass 
as deduced from X-ray data. 



PROBLEMS OF GALACTIC AND EXTRAGALACTIC CO PHOTOMETRY 

F.P. Israel 

Sterrewacht Leiden 

The Netherlands 

i. Basics 

In the past decades, tremendous insight into the global properties of galaxies 

has been gathered from (atomic) HI observations. The importance of HI for studies of 

galaxies lies in the fact that the observed 21-cm line emission allows a 

determination of both HI column densities and velocities as a function of position. 

Thus, mass distribution, kinematics and dynamics of galaxies can be determined out 

to the visibility limits of HI in each galaxy, usually well beyond visual 

boundaries. 

The study of CO line emission, particularly at 115 6Hz (2.6 mm), has developed 

to the point where it significantly adds to the knowledge gained from HI studies. 

This has become possible because of the simultaneous development of very sensitive 

detectors (overall system temperatures of ~ I00 K typically) and large, dedicated mm 

telescopes (10-m class single dishes, mm interferometers). The scientific importance 

of CO lies in the fact that it preferentially traces, unlike HI, high density gas 

(because CO needs densities of order 103 cm -3 or higher for its excitation) in the 

form of clouds of molecular hydrogen. CO is the most abundant molecule after H2; its 

abundance with respect to H 2 is 10 -4 , and it is at least 102 times more abundant 

than other molecules. Moreover, it is easily observable contrary to H 2 itself which 

is, with some effort, observable in far-UV (near Ii00 ~) absorption against bright 

early type stars and in near-infrared emission in localized hot (T ~ 2000 K regions) 
N 

(Shull and Beckwith 1982). 

Thus, extragalactic CO studies yield information on the distribution and kinematics 

of dense and usually large molecular cloud complexes as well as information on the 

overall molecular content of galaxies. At least in our (~laxy) H 2 is an important 

constituent of the interstellar medium: within the Solar Circle the inferred mass of 

H 2 roughly equals the mass of HI. Since the emphasis of this volume is on 

photometry, we will in the following concentrate on observations of CO brightness, 

and largely ignore the kinematical information also present. 
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In the interpretation of observed CO intensities complications occur. These are 

in part due to assumptions that are usually made, explicitly or implicitly. 

If T(12CO) >> 1, the observed antenna temperature yields the excitation temperature 

Tex(CO). If the space density of CO is sufficiently high (assumed to be the case) 

Tex = Tki n. At the same time, the assumption that T(13C0)<< i and Tex(13CO) = then 

Tex(12CO) yields the column density N(13C0). One way of determining whether 12CO is 

optically thick or not lies in observing different rotational transitions of CO. If, 

for instance~ 12CO is optically thin, the J=2-1 transition at 1.3 m~ will be 

brighter by up to a factor of four than the J=l-0 transition at 2.6 mm. A practical 

problem that arises here, and elsewhere, is that of correctly applying a variety of 

instrumental correction factors e.g. whether the result is expressed in TA* or TR*; 

this problem is fully described in Kutner and Ulich (1981). Frequently, the 

correction procedure described is at odds with actually published values. 

From Copernicus far-DV absorption measurements, Bohlin et al. (1978) found 

N(HI+2H2+ p) = 6 x 1021 E(B-V) for gas clouds in the Solar Neighbourhood. Dickman 

(1978) found A v = 4xI0-16N(13CO), so that N(H2)/N(13CO ) = 4xlO 5 (assuming Av/E(B- 

V)=3.1), with an uncertainty of 50%. In the meantime, Frerking et al. (1982) have 

presented evidence for a more complicated relation, although the order of magnitude 

is similar. Several authors have attempted to determine (empirically) a more direct 

relation between H 2 mass and observed velocity-integrated 12CO strength: 

4x10 fA T dV (K km Mpc 2) M(H2)/(M@) = 5 * D 2 s-i 

again with an uncertainty of 50% and valid only for an ensemble of clouds in the 

Oalaxy (see e.g. Israel and Rowan-Robinson, 1984, and references therein). Finally, 

comparison of galactic CO data with results from the COS-B y-ray satellite strongly 

suggests that throughout the Galaxy N(H 2) = (2.5-3.0) x 1020 fTidV (CO) (molecules 

cm -2) although this should be regarded as an upper limit due to the (probably small) 

contribution of unresolved ~ ray point sources (Lebrun et al., 1983; Bloemen et al., 

1984, 1985). One should also bear in mind that, except for the last determination, 

all these estimates really only apply in our G~laxy within a few kpc from the Sun. 

An important question is therefore: to what extent is the Solar Neighbourhood CO 

representative of all galactic CO and of CO in other galaxies. In general, problems 

of the interpretation of CO observations are related to problems of CO formation, 

destruction (among those the questions of fractionization and species dependent 

selfshielding) and excitation which are at present insufficiently resolved. 

2. CO in the (Nlaxy. 

Since 1975, a large number of CO surveys have been carried out, both surveys of 
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particular types of objects (HII regions, dark clouds, etc.) and general surveys of 

the Galaxy usually limited to the (~lactic plane. The most important of these are 

the following. 

Telescope 

NRAO 

UMass 

NRAO 

UMass 

BTL 

GISS 

CSIRO 

BTL 

Beams ize 

Y 

i.I 

v 

0.8 

i.i 
! 

0.8 
! 

1.7 

8.0 

! 

1.7 

Species 

i~0 ' 13CO 

12CO ' 13C0 

12CO 

i~o 

12c0 

Region 

Centre; 

i st quadrant 

i st ' 4 th 

quadrant 

ist 2 nd 

quadrant 

4 th quadrant 

i st quadrant 

Ref erence 

Burton & Gordon, 1978 

Liszt et al., 1981 

Liszt et al., 1984 

Sanders et al., 1984 

Solomon et al., 1983 

Cohen & Thaddeus, 1977 

Cohen et al., 1980 

Dame, 1983 

Myers et al., 1985 

Robinson et al., 1983 

Knapp et al., 1985 

Several major conclusions have resulted from these surveys (not considering 

kinematical and dynamical aspects). 

a. Within the Solar Circle, a stron$ CO signal is observed throughout the 

Galaxy. Use of the Solar Neighbourhood (SN) relations mentioned above 

indicates an H 2 mass within the Solar Circle of i-3 x 109M o (Sanders 1981; 

Dame 1983). b.The molecular gas, as traced by CO, not only has a 

distribution markedly less diffuse than HI, but, it seems to exist almost 

exclusively concentrated in dense (n ~ 103cm -3) clouds, known as giant 

molecular clouds (GMC's). ~C's are usually defined as clouds having a 

size d > 20 pc and a mass M(H 2) > 105 M o. They tend to be elongated with 

typical dimensions of 20x100 pc (e.g. Stark and Blitz, 1978). The existence 

of these (~IC's was completely unexpected; their discovery is one of the 

major triumphs of observational molecular astronomy. 

c. The extent to which ~C's delineate a spiral pattern is still a 

controversional issue. The question, at present, centers on the existence of 

'interarm' CO clouds. For arguments regarding CO spiral arms, see Blitz, 

1983; Liszt, 1985. Because of their discrete nature, and their frequent 

association with nebulae and young stars, CO clouds provide very useful 



t04 

means to determine the O~lactic rotation curve, especially outside the Solar 

Circle (Blitz, 1979; Brand, 1985). 

d. (~MC's play an important role in star formation; virtually all known regions 

of star formation are associated with (~C's. Probably all OB stars in the 

~laxy are formed through collapse processes in CMC's (c.f. Habing and 

Israel, 1979). As is the case with other young populations, the 

distribution of ~C's throughout the 0~laxy shows strong preferences. They 

are concentrated towards galactic plane with scale heights of about 60-80 

pc; most are found between distances of 4 and 8 kpc from the (~lactic 

Centre. Some (~C's are found at the (Nlactic Centre, but few are present 

outside the Solar Circle (Solomon et al., 1983; see, however, Kutner and 

Mead, 1981) 

3. Properties of Giant Molecular Clouds 

That almost all molecular material in the G~laxy resides in ~C's and 

particularly in massive ~C's is clear from the following. 

Mass Interval Percentage of Total Mmss M(H 2) in Interval 

M(H2)/M ~ Dame (1983) Sanders (1981) 

104-105 23 16 

105-106 73 39 

106-107 - 45 

These cloud complexes are very strongly clumped. Most observing has been 

done in the 1%0 line, but because this line is almost always optically thick, 

it is mostly sensitive to temperature variations and shows little contrast 

between high-density and moderate-denslty regions. Thus, GMC's observed in i~0 

tend to look like large, rather featureless emission regions with a few peaks. 

Observations of I~0 with high linear resolution, and especially 13CO 

observations sensitive to column density clearly show the extremely clumped 

nature of most molecular cloud complexes (Bally and Israel, 1985). Other 

indications for strong clumping are a) observations of dense clump nuclei in 

line emission from high density tracers such as NH 3 (e.g. lhgerechts et al., 

1982; Myers and Benson, 1983) and b) the large volume filling factors (of order 

I0 or more) often derived for (~C's. 

Typical clump parameters are a linear size of order one parsec and a mass 

of order a few hundred solar masses. It follows that a GMC may contain several 

thousand clumps. The concept of strongly clumped molecular cloud complexes 
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implies physical properties rather different from the often held concept of a 

more or less homogeneous cloud complex. The simplest version of the first 

concept is a two-component model: dense clumps (n) 103era -3) embedded in a much 

more tenuous, preferably non-molecular medium (n ~ 1-10 cm -3), with abrupt 
N 

density changes. Obviously, a clumped model has a much higher (molecular) 

surface-to-volume ratio than a homogeneous model. 

Several authors have attempted to establish the mass/size distribution of 

clouds (e.q cloud complexes in the Galaxy). The usual assumption is a power law 

distribution of the type N(M) = M -n or N(d) ~ d -m, where n=(m+2)/3 if the clouds 

all have the same density. Results are summarized below. 

Reference Mess distribution Size distribution 

n m 

Stark (1979) 1.2 1.8 

Rowan-Robinson (1979) 1.0 1.0 

Liszt et al. (1981) 1.8 3.3 

Sanders (1981) 1.5 2.5 

Dame (1983) 0.5 -0.5 

Casoli et al. (1983) 1.25 1.75 

It should be noted that each of these distributions was determined from a 

different data set, covering a different mass interval. Combining these results, 

Drapatz and Zinnecker (1984) concluded that in the Galaxy the size distribution 

of a molecular cloud complex can be represented by a half log normal 

distribution in the size interval 0.1-100 pc. Very little work has so far been 

done on the distribution of clump sizes and masses within a 6MC. A preliminary 

observation of the mass distribution of clumps in the modest $255 molecular 

cloud complex (Mto t = 1.5xl05M®) yields n=l.0+__0.2 (corresponding to m=l.0) for 

31 clumps with masses ranging from 102 to 104 M@ (Bally and Israel 1985). 

4. CO in other Galaxies 

Statistically useful numbers of CO detections in galaxies have only become 

available in the last few years, because extragalactic CO signals tend to be 
* < , 

very weak (T A (CO) ~ 1.0 K for all but the strongest, while often TA (CO) ~ 0.i 

K). This is due to generally severe beam dilution and large filling factors (the 

observing beam often being of a size similar to that of the observed galaxy), 

and frequently also to intrinsically weak CO signatures. The situation up to 

about 1981 has been summarized by M~rris and Rickard (1982). Since that time, 
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the available sample of CO galaxies has been enlarged, in particular by 

observers using the Bell Telephone labs and the FCRAO telescopes. Most of this 

material is summarized and referenced by Verter (1983; 1985). The following 

conclusions can be reached (see Morris and Rickard, 1982, and Verter, 1983). 

a) A few galaxies (IC342~ ~B2~ NO] 253) are bright in CO (T A > 1.0 K)~ but such 

systems are exceedingly rare. It is interesting to note that the CO emission 

of the last two galaxies appears to include a significant optically thin 12CO 

component (as determined from a comparison of the 12CO(I-0) and 12CO(2-I) 

transitions), which is also quite unusual, and which is most likely related 

to the intense nuclear activity in these galaxies. 

b) Integrated CO luminosities tend to peak for galaxies of intermediate type 

(Sb-Sbc). For these galaxies, the ratio CO/HI is also highest. The observed 

peak values correspond to typical molecular gas contents of order M(H2) = 

2x109 M@ and molecular gas fractions M(H2)/M(H2+HI) = 0.35, if the Solar 

Neighbourhood CO to H 2 conversion is assumed to be applicable. 

c) CO surface brishtness of spiral galaxies appears to be correlated with radio 

continuum brightness , This suggests that both are tied in with the young-star 

population in these spiral galaxies (Israel and Rowan-Robinson, 1984). 

Similarly, CO emission appears to be correlated with far-infrared emission. 

Correlations with near-infrared and HI emission are generally less clear or 

abs en t. 

d) Magellanlc-type galaxies and compact blue dwarf galaxies generally have 

extremely weak CO signal s (Elmegreen et al., 1980; Israel et al., 1985) not 

commensurate with their radio continuum, far-infrared, or HI emission. 

The above conclusions appear to be relatively well-established. Most 

attempts to arrive at more specific conclusions are, however, hampered by 

selection effects. These arise from a). the usually poor linear resolution (of 

order 1 kpc or more) obtainable, b). incomplete coverage of a galaxy: often only 

the center of a galaxy is observed, sometimes a major axis map is obtained, and 

only rarely a galaxy is completely mapped, c). the uncertainty in the CO to H 2 

conversion mentioned earlier; this is particularly disturbing, because on 

galactic scales, and between different galactic types (possibly large) 

systematic effects might be expected. 

Several of the conlusions reached by the FCRAO observers (see. e.g. Young, 

1983; Scoville, 1984, and references therein) are subject to these selection 

effects. The first problem arises when a sample of single beam CO measurements, 

centered on galactic nuclei, and refering to galaxies at different distances and 

with different sizes is used to determine general properties of these galaxies. 

The problem is severe, because different fractions of the galactic disks are 

covered and the CO contributions of the disk and the nucleus cannot be 

separated. Yet the disk and the nucleus behave in different and unrelated ways : 

there are e.g. indications that galaxies with large optical bulges have centers 
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deficient in or devoid of CO (Young, 1983; Scoville, 1984). Moreover, the nature 

of CO emission in the center of galaxies can be radically different from that of 

CO emission in galactic disks (see e.g. Rickard and Blitz, 1985), especially in 

cases like M82 and NO3 253 where the strong i~0 signal appears to be due 

largely to optically thin 12CO, in contrast to the usual optically thick 12C0 

emission from the disk. This problem can only be partly solved by observing 

galaxies at the same distance and thus with the same linear resolution, such as 

galaxies in the Virgo Cluster (Yo~mg et al., 1985) because the actual influence 

of the nucleus is still unknown. Another possibility lies in the use of 

observations with the very high resolution (of order arcseconds) obtainable with 

mm interferometers (e.g. Lo et al., 1985). 

Thus, single-point measurements of galaxies should only be used with great 

caution to draw generalized conclusions on the total CO content of galaxies; at 

the same time it is especially hazardous to derive H 2 surface densities from CO 

observations that contains emission from both galactic nuclei and disks. This 

last point can be illustrated by refering to our own Galaxy. The strong CO 

signal observed toward the galactic nucleus would imply an impressive H 2 

concentration. However, gamma-ray observations fail to substantiate this (Blitz 

et al., 1985). 

Even when the CO distribution of galaxies is mapped, or properly modeled 

(by using actual CO observations as input, rather than taking the optical-light 

distribution as representative), and when care is taken to exclude the nucleus, 

it is dangerous to use standard CO to H 2 conversions. Direct evidence for this 

statement is given by Rickard and Blitz (1985) who find great variations in the 

I~0/13CO ratio within and between disks of galaxies. The problem of the CO-to- 

H 2 conversion is reviewed in detail by Lequeux (1981), who concludes: 'our 

knowledge of the amount of H 2 in external galaxies belongs almost entirely to 

the realm of speculations'. 

5. Properties of Extragalactic CO clouds. 

The total amount and distribution of H 2 in a galaxy are, as we have seen, 

of great interest because of the important role of this molecule in our ~laxy. 

Since, unfortunately, direct measurements are practically out of the question, a 

certain amount of speculation appears inavoidable. 

An important clue is the weak to extremely weak CO emission of the 

irregular dwarf galaxies (Elmegreen et el., 1980; Israel et al., 1985). Two 

effects may conspire to produce such low signal strengths in these galaxies. 

First, these galaxies are characterized by low metallicities. For the abundance 

of CO the C abundance, and the C/O ratio are of importance. In the LMC and 

especially the SMC, these are quite low compared to the Solar Neighbourhood (see 
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Dufour, 1984). It is reasonable to assume that the CO abundance roughly scales 

with the C abundance; this would, however, only explain weak I~0 signals if the 

CO abundance is so low that even 12C0 would be optically thin. This is not 

likely to be the case, except perhaps in extreme cases such as the SMC where the 

C abundance is down by a factor of 20 compared to the Solar Neighbourhood, and 

the nuclear regions of some galaxies (e.g. M82 and NO~ 253). 

A weak 12CO signal can be explained by a second effect (which is not quite 

independent of the first). Low metallieity galaxies also have a low dust 

content, so that molecules are less shielded against destructive UV radiation 

(shortwards of 1120 ~). Blue dwarf galaxies have local UV radiation fields 

comparable to, or stronger than that in the Solar Neighbourhood. Thus, CO will 

be photo-dissociated, and even more effectively when the CO clouds are strongly 

clumped (e.g. section 3). The combined effect of low metallicity and low 

shielding can be strong enough to decrease the signal strength of optically thin 

lines such as 13C0 by large factors. Signal strengths of optically thick lines 

such as 12CO would also decrease (but to a lesser extent) because 

photodissociation of clumps would decrease the total CO geometrical cross- 

section, hence increase the beam filling factor. A complicating factor is that 

CO might be self,shielding, but to what degree is not known. However, even in 

that case, lowl CO abundances would significantly diminish the importance of 

self-shielding so that optically thick I~o emission would still be weakened. 

Simple modeling shows that at least the weak i~0 emission of the Magellanic 

Clouds can be explained in this way (Israel et al., 1985). 

Several other observations, both in our ~laxy and in other galaxies can, 

at least qualitatively, be explained by the combined effects of metallicity and 

photodissociation in clumped molecular cloud complexes. Examples are: 

a. The ~lactic Center has a strong CO signature, but gamma-rays indicate a 

relatively low H 2 content. This could be due to a relatively higher CO 

abundance, to a high Tex or to both (Blitz et al., 1985). 

b. Gamma-ray observations indicate that the ratio between H 2 column density and 

the integral 12C0 line intensity shows no strong variations throughout the 

~laxy (Bloemen et al., 1985); however, the 13CO/12C0 ratio shows a strong 

gradient (Burton et al., 1984) which resembles the N and 0 gradients (Shaver 

et al., 1983). Assuming that in the 'molecular ring' the effects of a higher 

dust-to-gas ratio (shielding) and a higher UV radiation field cancel each 

other, the (optically thick) i~0 emissivity would be more or less constant, 

while the (optically thin) 13C0 emissivity would still show the effects of a 

metallicity gradient. 

c. Observed CO gradients in normal spiral galaxies do not necessarily indicate 

H 2 gradients. For instance~ Blitz (private communication) has shown that the 

CO gradient in MI01 matches, perhaps fortuitously closely, the O/H gradient; 

a similar result is found for M31 (Blitz, 1985). 

d. Strong CO signals observed in IRAS 'starburst' galaxies (IC4524, NOC 6240) 
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may not be due to an H 2 excess (Young et al., 1985) but to a combination of 

low 1~O opacity and high I~o luminosity as appears to be the case in ~2 

(Bally and Stark, 1985). 

6. Summary. 

CO observations provide a powerful tool to study the distribution and 

kinematics of dense molecular gas present in galaxies in the form of highly 

clumped, giant molecular clouds. Derivation of quantitative information on total 

molecular (= H 2) col~nn densities and masses is severely hampered by the great 

uncertainty in the relevant CO/H 2 ratio. This ratio is influenced by (of ten 

related) factors such as opacity, metallicity, dust-to-gas ratio and ambient UV 

field intensity. The observations can generally be modeled in a qualitative way, 

but quantitative modeling needs more systematic CO (and where possible H2) 

observations, more extensive observations of metallieity (in particular the C 

and O abundances) and dust content, as well as a better understanding of the CO 

formation and destruction processes. 
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SUMMARY 

IRAS far-infrared observations of an optically complete sample of galax- 

ies are used to compare star formation rates in spiral galaxies in the 

field, in small groups and in the Virgo cluster. 

INTRODUCTION 

Optical and radio observations have shown that star formation is often 

enhanced in interacting galaxies (e.g. Sulentic 1976; Larson and Tinsley 

1978). This effect is most evident for galaxies in close pairs or groups, 

but may also be present in wider systems through the generation of grand- 

design spiral structure (Elmegreen and Elmegreen 1982, and references 

therein). On the other hand, galaxies may have consumed a significant 

fraction of their gas after one or more encounters, so that their present 

star formation activity is low. In clusters of galaxies, interaction with 

an intracluster medium may lead to additional depletion of gas. Thus in 

regions of high galaxy density, where encounters are frequent, a rela- 

tively large spread in star formation rates might be expected. 

IRAS has detected a large number of galaxies at far-infrared wavelengths, 

providing a database of unprecedented quality and size for statistical 

studies of star formation in other galaxies than our own. Using IRAS 

data, Soifer et al. (1984) have reported an overrepresentation of inter- 

acting galaxies in the infrared selected 'minisurvey' sample, indicating 

enhanced star formation in these galaxies. 

To investigate more systematically the effect of environment on star 

formation we compare in this paper the infrared properties of 'field' 

galaxies with those of galaxies in small groups and in the Virgo cluster. 

We restrict ourselves to optically selected samples, chosen from the 
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Revised Shapley Ames Catalogue of Bright Galaxies (RSA, Sandage and 

Tammann 1981). 

RESULTS 

The group sample consists of the RSA galaxies occurring in the catalogue 

of group galaxies of Huchra and Geller (1982), and belonging to a group 

with ten members or less. The field sample contains all RSA galaxies not 

belonging to one of the Huchra-Geller grouDs. The Virgo cluster sample 

consists of the RSA galaxies in Huchra-Geller group 41. 
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To ensure optical completeness for all samples 

we have selected galaxies having an integrated 

blue magnitude, corrected for galactic and 

internal absorption, B~ < 12. Nearby galaxies, 

which are often resolved by the IRAS long 

wavelength detector beams, are removed by 

imposing a lower limit on the radial velocity 

of a galaxy with respect to the Local Group, 

v 0 > I000 km s -I. To retain a sufficiently 

large sample, for the Virgo cluster a limit of 

500 km s -I is used. 

Figure I shows the normalised distributions of 

the far-infrared/blue luminosity ratio of the 

spiral galaxies in the three samples. The 

infrared luminosity was calculated from the 

IRAS 60 and I00 ~m fluxes as described by de 

Jong et al. (1984). The optical luminosity was 

derived from the corrected blue magnitude B~. 

Non-detections are not included in figure I. 

Of 161 field spirals, 4 were not detected by 

IRAS; the same holds for 2 out of 121 group 

spirals and 6 out of 64 V!rgo spirals. Inclu- 

ding these not-detected galaxies we find 

Fig.l. Normalised frequency distribution of the ratio of far-lnfrared 
to blue luminosity for spiral galaxies in the field , in groups 
and in the Virgo cluster. 
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a fraction of 'infrared-weak' galaxies (LIR/LB < -0.80) of 17% for the 

field sample, 24% for the group sample and 28% for the Virgo cluster. 

No large global differences between field, group and Virgo cluster gala- 

xies are apparent in the distributions shown in figure I. There may exist 

a weak trend for an increasing number of infrared-weak spirals going from 

field to Virgo cluster galaxies. 

The absence of obvious differences between the three samples studied 

could be understood if spirals are converted into galaxies of other 

morphological type when their gas is consumed by star formation or de- 

pleted by other means. In this respect it is noteworthy that the total 

field sample contains 7 lenticulars versus 161 spirals, whereas the group 

sample has 16 lenticulars versus 121 spirals and the Vlrgo cluster 14 

versus 64. A more detailed study, using different methods of analysis and 

including additional galaxy samples, is presently underway. 
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DISCUSSION 

A. Moorwood : Are your results in conflict with those of Soifer et al. 

who claim that interacting galaxies are overrepresented in the infrared 

selected sample in the IRAS minisurvey ? 
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K. Brink : No. The idea is that galaxies may exhibit strongly enhanced 

star formation rates during close encounters, and thus close pairs will 

be overrepresented in infrared selected samples. 

We have studied (relatively wide) groups as a whole, to get information 

on the star formation history of a typical group member. Close pairs are 

present in all three samples, though more frequent in groups and in the 

Virgo cluster, as could be expected from the group selection criteria. 

They indeed show enhanced star formation, but their number is too small 

to produce large effects. 



IRAS OBSERVATIONS OF THE MAGELLAH~IC CLOUDS 

P~B.W. Schwering 

Sterrewaeht Leiden 
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2300 RA Leiden 

Apart from its main fiask~ making an Infra Bed all sky survey, the Infra Red Astro- 

nomical Satellite observed several objects to enhance the spatial res61ution or increa- 

se its sensitivity. One of its major targets: the Magellanic Clouds. 

Because of their relative proximity and high ecliptic latitude the Clouds were 

ideal objects to study with IRAS. Maps resulting from a special observing techniqu~ 

(perpendicular scanning.) have angular resolutions of 1' (20 pc at 60 kpe). This is 

high compared to the available radio data, and also good compared to radio data of 

other galaxies (WSRT 21 cm M31: ]00 pc). A review about dust and IR in the MC's 

was given by Israel (]983). 

Infra R~d maps at 60 micron are shown in figure I for the LMC and figure 2 for the 

SMC. The low extended background, although present in beth maps, was suppressed in the 

first one to show the separate IR spots clearly. These areas correspond very well 

with the H~ emission regions (Davies, Elliott and Meaburn, 1976). Also there is a very 

good resemblence with the radio continuum (McGee, Brooks and Batchelor,1972; Broten, 

]972), The correlation with the HI column density (McGee and Milton, 1966; R0hlfs et 

al, ]984) is clearly present but less tight. In the SMC map the background can be seen. 

The same correlations were done for the SMC farlR with H~ (DEM, 1976), Radio continuum 

(Broten, ]972), HI (Hindman, 1966; McGee and Newton, 1981). 

Because the maps in figures I and 2 have a somewhat uncertain calibration no intensity 

levels are given, and no direch flux comparisons weme made. That will be done in the 

near future. 
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CONTEMPORARY DYNAMICAL PROBLEMS - A POSSIBLE 

CONTRIBUTION TO THEIR "SOLUTION BY GALAXY PHOTOMETRY 

Louis Martinet 

Geneva Observatory 

1280 Sauverny 

Switzerland 

Extensive reviews on the main current problems in galactic dynamics 

have been published very recently [Binney, 1982) on hot systems; 

White, 1983, on mergers; Toomre, 1863, on warps; Athanassoula, 1984, 

on spiral structure). In this article some of the most recent develop- 

ments concerning specific questions in the field will be discussed, 

in particular those for which the contribution of galaxy photometry 

may be useful in the future. The study of isophotes or of dust rings 

in ellipticals, for instance, could provide information on the 

structural shape. Also, disc stability may be investigated by 

simultaneous kinematic and photometric observations. Oetailed surface 

photometry of SB galaxies will allow to specify-the length, the size, 

the mass and the angular velocity of bars. Edge-on and face-on galaxy 

photometry may yield indications on the distribution of masses in 

various components of spiral galaxies. Population gradients and bursts 

of star formation as well as the existence of shells could turn out to 

be constraints for dynamical friction and merger formation processes. 

The paper is divided into three parts: I) Triaxiality in elliptical 

galaxies, I~I] Stability of disks and structure of bars, III) Inter- 

actions between components of galaxies. 

I) Triaxiality 

Twisting isophotes and non-zero motions on the apparent minor axis are 

the only observational indications in favour of triaxiality in ellip- 

tical galaxies at the present time. Statistical attempts to determine 

the exact shape of E's have yet to produce a definite result for want 

of sufficient photometric and spectroscopic data. One hope lies in the 

gas in and around galaxies but no one-to-one correspondence exists 

between the appearance of a dust lane and the shape of the system. 
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Concerning theoretical aspects, several pioneer papers were published 

in recent years on the dynamics of systems with 3 degrees of freedom. 

For such systems, the distribution function F must generally depend 

on three isolating integrals E, 12, 13 in order to maintain the 

necessary anisotropis veloeity distribution. The nature of 12 and 13 

is not well known. Are they necessarily isolating? [Some 3-0 systems 

devoid of certain symmetries seem to have lost one or two isolating 

integrals, as shown by Martinet and Magnenat [lgel]). In his thesis 

de Zeeuw {lg84) considered the perfect ellipsoid model to which 

corresponds the "perfect elliptical galaxy" having the following 

properties: e) the density is stratified in concentric, nearly 

ellipsoidal surfaces p = Pc {l+m2) -2 with m 2 = x2/a2+y2/b2+z2/c2; 

most individual orbits have three explicitly known isolating integrals 

and can be analytically described as a consequence of the fact that 

the potential is of Eddingten type. These properties represent e 

serious advantage, even if, as de Zeeuw emphasizes, real elliptioals 

are only nearly perfeet: their radial brightness profiles do not 

rigorously fit that of the perfect ellipsoid, which furthermore has 

neither twisted isophotes nor rotation. But it is not excluded that 

separable models exist which come closer to being realistic thao the 

perfect ellipsoid. In fact, the regular character of tube and box 

orbits found in integrable triaxial systems is prsserved when parti- 

cular forms of potential perturbations occur which seem consistent 

with observations of ellipticals IGerhard, Ig84J: l) cos m~ pertur- 

bations {m even); 2) modest ellipticity gradients; 3] small figure 

of rotation. Observations of isophotes yielded that some bulges of 

spirals [particularly SB] seem to be triaxial. They rotate rapidly 

and their dynamics is more complicated than that of slowly rotating 

ellipticals. It appears that some bars could also be triaxial [for the 

bar of NGC B38, Kormendy, 1883, finds an axis ratio l:4:lOj. SA and SB 

galaxies are systems in which the conditions of regularity mentioned 

above are not always met. Irregular [semi-ergedic) beheviour of orbits 

can be non negligible and consequently a secular evolution may be 

going on in such galaxies. In particular, a new phenomenon character- 

istic of galactic systems with 3 degrees of freedom, the complex 

instability of periodic orbits {Magnenat, 1882), can play a role in the 

evolution of central regions which should not be neglected. 
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II) Structure and evolution of bars 

Among early Hubble types CSO to Sb) the percentage of SB is larger 

than that of SAB; however, for later types (Sbo to Sod) it is the 

contrary. The percentage o# SAB and SB is slightly decreasing from 

70% to 60%, from SO to So. Small bars or ovals clearly appear in IR 

studies of spiral galaxies. Thus, bars are not rare. In order to 

succeed in constructing a coherent scenario of bar formation and 

evolution in the future, we need some additional insight on characte- 

ristic parameters of bars such as length, angular speed and size. 

Results of the blue and the IR survey of galaxies obtained by 

Elmegreen (1984) show that early type galaxies seem to have larger 

bars relative to the galactic size than late type galaxies. Further, 

the correlation between the sizes of bulges and the length of bars in 

SO-Sb galaxies found by Athanassoula and Martinet (1980) seems to be 

confirmed by Baumgarte (1984). Also, Sellwood (1981) has suggested, by 

means of N-body simulations, that the lengt'hs of bars ere determined 

by the distribution of matter in the spheroidal [bulge) component, 

If the bar ends near the oorotation radius re, the measurement of the 

circular velocity Vro t (r o] leads in principle to the angular speed of 

the bar O . Only little observational evidence exists fan corotation 
P 

near the end o{ the bar: the direction of HI gas flowing in NGC 1365 

(van der Hulst et el., 1983] or the dust lane position in NGC 1300 

[Roberts, Huntley, van Albada, 197B). Recently, Tremaine and Weinberg 

[1Be4] put forward an original method for determining O without any 
P 

particular dynamical method, but using galaxy photometry. In a flat 

disc where tracers [stars or gas) are neither created nor destroyed, 

Qp, if well defined, can be obtained as a function of observable 

quantities such as the inclination i, the surface brightness 2 and the 

radial velocity in different points of the projected disc. In spite of 

observational difficulties, attempts of applications to SBO's could be 

successful. 

Oata on shapes of bars are also essential for understanding the for- 

mation and the evolution of these structures. No extensive statistics 

on the shape of bars in different Hubble types exist. Axial ratios 

larger than 5 seem hard to find. This fact is explained by means of 

numerical studies on orbital behaviour in barred systems, trying to 
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fix a limit for the existence of strong bars (Athanassoula et al., 

1983; Teuben and Sanders, IB84). For example, for a ratio MB/M 0 ~ O.1 

of bar to disc mass, if the axis ratio is too large (3 5), the main 

direct periodic orbit elongated along the bar becomes unstable on 

large ranges of energy and cannot trap matter around it. The onset of 

semi-ergodieity can limit the strength of the bar. Semi-ergodic orbits 

fill equipotential contours which are rounder than the bar. An exten- 

sion of these calculations to the 3-dimensional case (triaxial bar] 

confirms this effect and shows that the bar growth is limited by 

increasing vertical and plane instabilities when the axis ratio is 

increased (Pfenniger, 1984]. One of the instability strips is probably 

responsible for the box shape of some bulges. 

Turning to the question of global disc stability, we observe that a 

third of the galaxies do not show bar or oval-like perturbations. 

However, in N-body simulations, a large robust bar ferms in the early 

stages of evolution and general&y persists. Several factors likely to 

prevent the bar formation have been considered: the existence of a 

non-responsive component such as a bulge era halo, a hot disc, a 

fraction of retrograde orbits, or the presence of an Inner Lindblad 

Resonance (for details, see a review by Athanassoula, 1984). But so 

far an infaillible guide to the global stability of realistic models 

has not been found. One need not to recall the misunderstanding 

resulting from the introduction of the parameter t by Ostriker and 

Peebles [1974) (see the elaborate criticism by Teomre, 1981): only 

the mass of the halo inside corotation, where a bar could develop, is 

important for the disc stabilisation with respect to bar-like pertur- 

bations. At the present time, no estimation of this mass in typical 

galaxies of different Hubble types is available. Until now, one 

essentially concentrated on the determination of the external mass of 

the halo, responsible for the flat rotation curve [see for ex, van der 

K r u i t ,  1983). 

In fact, all relevant effects are not yet incorporated in the existing 

global stability criteria. In particular, the Efstathiou et el. (19821 

criterion, which concerns only very specific models, does not take 

account of the center-edge variation of the velocity dispersion end is 

based on epieyclic approximation. Nevertheless, a hot disc does not 

seem to be the least agent of stabilisation. Sellwood and Carlberg 

(1984) propose that disc galaxies overcome the bar forming instability 



125 

through a combination of both large velocity dispersion and some 

modest fraction of bulge and halo mass. 

This leads us to mention two processes which may play a role in this 

context: disc heating and star formation. Lacey (1984) shows that there 

are difficulties in interpreting the heating of discs in terms of 

scattering of stars by massive objects, either giant molecular clouds 

in the disc or massive black holes in the halo, These processes lead 

to contradictions with kinematical observations in the solar neighbor- 

hood. The results favour the role played by transient spiral waves in 

stellar heating. On the contrary, star formation may contribute to the 

cooling of the disc. Carlberg and Sellwood (1984) suggest that the 

morphological family of disc galaxies [SA, SAB or SB] is a reflection 

of the rate at which the disd is built up after the formation of the 

bulge and the halo. Oistinctions between Hubble types will probably 

have to be introduced in quantitative scenarios. 

Conclusions drawn from observational data on the velocity field in 

barred galaxies might cause a certain amount of confusion with respect 

to the question of disc stability. For instance, from the flat 

rotation curve of NGC 936 (SBO), Kormendy (1983) deduces that "barred 

galaxies do not appear to lack massive halos". On the other hand, the 

disc of NGC g38 is very hot [@ = 7+~_ at r = rB/2, where r B is the bar 

radius). Ironically, this strongly barred galaxy would seem to contain 

two ingredients which traditionally work against the bar growth: In 

fact, such a high value of @ precisely corresponds to the heating of 

the disc by the bar and the flat portion of the rotation curve does 

not give any information on the force exerted by a hypothetical halo 

inside oorotation. It is recommended to be very careful in connecting 

observational facts with theoretical views on stability: Also, coordi- 

nated programmes o~ kinematic and photometric measurements of barred 

and unbarred galaxies are urged in order to clarify this problem. 

N-body simulations do not yet permit an understanding of the bar 

evolution in time. First of all, four "external" effects can influence 

the results= II softened gravity which can simulate velocity 

dispersion, 2] graininess due to the small number of particles, 

3] a rather severe truncation of discs preventing a secondary growth 

of the bar which occurs whenever outer disc material is available to 

accept angular momentum from the bar, 4) the time during which the 
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evolution is followed up. Furthermore, the evolution of the bar may 

be complicated by the effect of dynamical friction studied by 

Tremsine and Weinberg [1984]. A torque on the bar arises entirely from 

near resonant stars. If the angular speed is slowly changing, a 

reversible feedback could stabilize or destabilize the rotation speed 

and a permanent capture of near resonant stars into librating orbits 

may occur. 

III) Interactions between galactic subsystems 

In this section the characteristics of the response of some galactic 

components to the gravitational action of others are examined more 

particularly. 

a) Oisc~bul~e: Barnes and White (1984)  used a N-body code based on 

a low-order multipole method to study the response of a proto-bulge 

to the field of an exponential disc. One makes use of the fact that 

if the time scale of disc formation is much larger than the orbital 

period in the bulge, adiabatic invariants make sure that the response 

of the bulge depends only on the final state of the disc. The 

accretion of a disc induces modest changes in the ellipticity of a 

bulge and minor departures from a purely elliptical shape. The bulge 

is not pulled into a box-shape, which would rather be explained by 

3-0 resonance effects (Pfenniger, 1984]. The addition of a disc does 

nat explain why bulges appear to be rotationally supported, There is 

very poor observational evidence of mean age differanees between 

discs and bulges. The broad band colour and line strength index study 

by Caldwell (1883) and SO's is not decisive. 

b) H a l o - d i s c :  V a r i o u s  a u t h o r s  have d i s c u s s e d  hew a m a s s i v e  g a l a c t i c  

h a l o  a f f e c t s  t h e  p e r s i s t e n c e  oT wa rps  i n  g a l a c t i c  d i s c s  (see  f o r  ex ,  

S p a r k e ,  1984 and r e f e r e n c e s  t h e r e i n ) ,  I f  t h e  d i s c  i s  t o  warp  a t  3 -5  

scale lengths, then the halo mass must lie in the range 2 M B < M H < 

12 M D, Forcing mechanisms such as triaxiality in the massive halo or 

dynamical friction against hale stars can pump energy into the warping 

mode over many rotation periods so that the bending grows slowly in 

amplitude (Binney, lg81). Tests by way of warp observations in stellar 

components would be useful. 
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N-body calculations in which both disc and halo stars are treated 

fully self-consistently [Sellwood, 1980) indicate that there is very 

little interaction between these populations while the disc remains 

axisymmetric; but a strong bar is able to transfer angular momentum 

from the disc to the halo. 

c] Bar-disc: The response of a gaseous or stellar disc to a bar-like 

perturbation has been studied in many papers. Spiral arms or rings are 

well known results of the process. From orbit calculations in a 

galactic potential with a rather realistic bar (Athanassoula st al., 

1883] we found that the region between oorotation and the Outer 

Lindblad Resonance is more and more populated by semi-ergodic orbits 

if the strength of the bar increases (axis ratio > 4 for MB/M 0 ~ .1). 

It is possible that at long term this region could become depopulated 

because semi-ergodic orbits spend most of their time in the outer 

parts of the galaxy. This depopulated region can spread beyond the 

Outer Lindblad Resonance (Contopoulos, 1Be3). But beyond the simple 

1/l outer resonance, there are again near circular orbits that trap a 

ring of matter around them. The existence of these rings has to be 

proved through deep photometric observations. Further, Sehwarz (1984), 

searching for how the response of a gaseous or a stellar disc depends 

on the strength of the bar-like or oval distortion and on its rotation 

rate, found that the most apparent change with increasing bar strength 

is the density contrast across the arms. Spiral arms are almost non 

existent for bar to axisymmetrio fence ratio q = O.O1. For q = 0.25, 

the arms are broadest as well as strongest. In conclusion, recent and 

older N-body simulations and orbit calculations show that, in principle, 

photometric observations of rings and arm-interarm density contrasts 

could put some constraints on the strength and rotation rate of bars 

in SB galaxies. 

d) Bar-bulge: If the bulge is formed before the disc is accreted, a 

bar is younger than the bulge. If, in addition, it becomes strong 

enough, it could influence the bulge dynamics. N-body simulations are 

planned in order to clarify that question. 

e) Resonant coupling in 3-O systems: The motion of stars perpendicular 

to a galactic plane is given by Mathieu's equation: 3+ [a+2q cos T]z =0. 

According to Binney (1981), orbits in principal planes are unstable to 



128 

the development o£ vertical oscillations as a consequence oT resonant 

coupling in z-direction, either with epieyclic motion (a = 4w /K) in 
z 

axisymmetric and triaxial potentials, or with orbital motion in n on- 

axisymmetric [bar) potentials. Such processes explain the instability 

of periodic orbits around the middle axis of a triaxial galaxy, the 

vertical structure of discs, the stability of planar orbits in a nearly 

spherical potential in connection with galactic warps, the high 

velocity dispersion of old stars perpendicular to the galactic plane, 

diTTicult to explain by transient spiral Teature action only. However, 

a study of cooperative ef£ects is needed [by way of N-body simulations) 

in order to confirm the efTiciency oT the processes. 

Concluding remark 

This review treats some 0£ the most recent problems relative to the 

internal dynamics of galaxies for which we need the galaxy photometry 

contribution. For lack of space we did not deal with environmental 

effects which certainly play an essential role in the galactic 

evolution. Clusters of galaxies are thus the priv,ileged laboratory for 

studies of galactic evolution. Statistics on differences between 

populations of low and high density regions will be very rich in 

information on the sensitivity o# evolution to the environment. In 

particular, it is oT high importance to know iT the key role is 

played by very early environment or by subsequent evolution. 
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OISCUSSION 

S. Ojorgovski : There is some kinematical evidence for similarity of 

bulges and similar (small] luminosity ellipticals. However, the 

bulges often show box- or peanut-shaped isophotes, and the low lumi- 

nosity ellipticals do not. Could that be due to their different 

dynamical evolution, e.g. due to the presence of a bar? 

L. Martinet : Yes. 3-0 calculations (N-body simulations and orbits] 

suggest that such isophote shapes can be a consequence of the 

presence of a triaxial bar. 

E. Athanassoula : J. Sellwood and I have considered the stability of 

hot disks. Using N-body simulations we have shown that velocity 

dispersion can reduce very substantially the growth rate of 

instabilities. In this way we constructed models with arbitrarily 

small growth rates of the bar instability in the complete absence of 

any halo. Several cases, with @ profiles flat, increasing or decreasing 

with radius, were tried. High @ near the center of the disk proved 

much more effective at reducing the growth rates than increased random 

motions further out. 
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I - Introduction 

Since the notion that the universe is populated by agglomerates of 

stars was developed during the eighteenth century, the presence on the 

sky of the Milky Way suggested the idea that the stellar system we li- 

ve in, and, by analogy, all the stellar systems are flattened. 

John Herschel seems to be the first who interpreted the shape of our own 

galaxy as due to the effect of its fast rotation. Measurements of the 

rotational velocity of the Milky Way and of spiral galaxies confirmed 

this interpretation. 

Contrary to spirals, whose rotation curves are rather easily derived 

from their emission lines, the velocity field of elliptical galaxies, 

derived from absorption lines, was difficult to obtain, due to the ra- 

pid decrease outwards of the surface brightness. Although rotational 

data were lacking for elliptical galaxies, they were supposed to be 

flattened by rotation, like the spirals. Several models were constructed 

to account for the observed properties of elliptical galaxies on the as- 

sumption that they are rotationally supported. The last ones were those 

of Gott (1975), Larson (1975) and Wilson (1975). 

Based on spectra taken with the %mage tube spectrograph attached to 

the 200-inch Palomar telescope, the first rotation curve of an ellip- 

tical galaxy became available in 1972 (Bertola, 1972). It revealed in 

the E5 galaxy NGC 4697 a much lower rotational velocity than expected 

from the above models. These data were enough to cast severe doubts on 

thim (Gott, 1977b). 

Successive observational works (Bertola and Capaccioli, 1975; Illing- 

worth, 1977; Peterson, 1978; Schechter and Gunn, 1978) confirmed that 

elliptical galaxies were slow rotators. 

These results prompted Binney (1978) to make new suggestions on the 

three-dimensional shape of elliptical galaxies. His argument was the 

following: if it is not the rotation to cause the intrinsic shape of 

elliptical galaxies, why should we accept "a priori" that their shape 
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is oblate? The fact that the isophotes of elliptical galaxies are el- 

lipses indicates that the surfaces of constant light density, and con- 

sequently of mass density if the mass-to-light ratio is constant, are 

spheroids, either oblate or prolate, or, in the most general case, tri- 

axial ellipsoids, as demonstrated by Contopoulos (1956) and Stark (1977). 

Therefore the possibility that elliptical galaxies are either prolate, 

oblate or triaxial bodies was left open. 

Binney's suggestion, stimulated both the construction of theoretical 

models on elliptical galaxies and, at same time, the search for obser- 

vational tests of their intrinsic shape. In the following we shall re- 

view these latters, as well as the indications of departure from oblat- 

ness in disk galaxies. 

II - Elliptical Galaxies 

Marchant and Olson (1979), Richstone (1979), de Vaucouleurs and Olson 

(1981) and Merrit (1982) performed a statistical test based on the mean 

surface brightness of a sample of elliptical galaxies. If the galaxies 

are oblate ones, those seen face-on should appear with a lower surface 

brightness than those seen edge-on. The contrary is true for prolate 

galaxies. Uncertainties in the photometric data make this text incon- 

clusive. 

Noerdlinger (1979), Binggeli (1980) and Binney and de Vaucouleurs 

(1981) studied the distribution of apparent flattening in elliptical 

galaxies. Again the results are inconclusive since the data are at sa- 

me time consistent with different intrinsic shapes. 

The fact that in several cases the orientation of the isophotal ellip- 

ses of elliptical galaxies does not remain constant with the distance 

from the center (Carter, 1978; King, 1978; Bertola and Galletta, 1979; 

Williams and Schwarzschild, 1979a,b) is interpreted as an indication of 

triaxiality. A light distribution constituted by dissimilar and coaxial 

triaxial ellipsoid, when viewed not along the principal planes, gives 

rise to the observed twisting of the isophotes. Detailed modelling of 

the twisting in NGC 596 has been performed by T.B. Williams (1981). 

Statistical properties of the twisting and flattening have been inter- 

preted in terms of triaxiality (Galletta, 1980); Benachhio and Galletta, 

1 9 8 1 ) .  
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b) ~ ! ~ _ ~ _ 2 ~ _ ~ ~ £ ~ ! _ ~ .  

U s i n g  t h e  t e n s o r  v i r i a l  t h e o r e m ,  B i n n e y  (1978) has  d e r i v e d  t h e  r e l a t i o n  

between vm/~(v  m i s  t h e  maximum v e l o c i t y  o f  r o t a t i o n  and ~ i s  t h e  c e n t r a l  

velocity dispersion) and the intrinsic ellipticity ~ for oblate, prola- 

te and triaxial galaxies with different degree of velocity anisotropy. 

While in the diagram Vm/O versus e, representative points (affected by 

projection effects) of high luminosity ellipticals (MB<-20.5) lie below 

the line representing oblate galaxies with velocity isotropy, ellipti- 

cals of low luminosity (MB>-20.5) are fast rotators and lie on that l! 

ne. Since projection effects move representative points of oblate iso- 

tropic ellipticals along this line, it follows that the shape of low lu 

minosity ellipticals is consistent with that of oblate spheroids (Da- 

vies et al., 1983). Whether high luminosity ellipticals are also obla- 

te, but with velocity anisotropy, is matter of opinion. 

Lake (1979), Merrit (1982) and Capaccioli, Fasano and Lake (1984) stu- 

died the correlation between ellipticity and central velocity disper- 

sion at a given luminosity for non rotating galaxies. Pole-on prolate 

galaxies would show longer velocity dispersion than equatorially viewed 

ones, while the contrary is true for oblate galaxies. These tests seem 

to favour marginally the oblate shape. 

The detection of remarkable velocity gradients along the apparent minor 

axis of elliptical galaxies (Jenkins and Scheuer, 1980; Bertola et al., 

]983) is not consistent with rotating flattened spheroids. 

Bertola and Galletta (1978) suggested that the dust lanes crossing el- 

liptical galaxies along the minor axis can be used to deduce the three 

dimensional shape of the stellar body. Hawarden et al. (1981) pointed 

out the existence of ellipticals with dust lanes also along the major 

and intermediate axes. Those ellipticals with warped dust lanes along 

the minor axis allow interesting considerations On their shapes (Cald- 

well, 1984; Bertola et al., 1984). The fact that the dust lane is not 

interrupted in the center excludes that the dust and gas are captured 

in the polar orbits of an oblate galaxy. The merging phenomenon is sug- 

gested by the fact that in three out of four cases so far studied the 

motions in the warps are prograde with respect to the stellar motions, 

while a stationary situation would imply retrograde motions. On the 

other hand the relative high values of Vm/O found along their major 

axis, which is due mainly to streaming than tumbling motion, seem to 

exclude a purely prolate structure. Fast tumbling would prevent the 

dust and gas to settle into the observed plane. Therefore one is left 

with a triaxial structure for these galaxies. These galaxies are viewed 
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approximately along their intermediate axis. Therefore the intrinsic 

major and minor axis are directly measured on the image, while lower 

and upper limits for the intermediate axis can be estimated from the 

Vm/~ versus £ relation and from the warping angle respectively. Ellip- 

tical galaxies with the dust lane along the major axis seems to be much 

less frequent than those with the dust lane along the minor axis. Does 

this mean that almost prolate figures are predominant over almost obla 

te ones among elliptical galaxies. In Fig. I we show what is probably 

the best case of an elliptical with a dust lane along the major axis, 

although this classification can be somewhat controversial. The presen 

ce of quite pronounced warps has to be remarked. 

Kinematical and morphological decoupling of stars and gas in those el- 

lipticals with emission lines (Bertola et al., 1984; Ulrich et al., 

1984; Bettoni, 1984; Bertola and Bettoni, 1984) is an evidence which 

is not consistent,in stationary conditions,with oblate spheroids. 

III- Disk Galaxies 

The presence of the bar in disk galaxies has suggested since long time 

the existence of an elongated structure in addition to the oblate disk. 

A twisting of the isophotes of the disk and the bulge in M 31 led B. 

Lindblad (1956) to propose a triaxial model for the bulge of this gal~ 

xy. Successively Stark (1977) has demonstrated that the observations 

are consistent with a set of triaxial bulge configurations and with a 

prolate one, the oblate being excluded. 

From a morphological study of barred galaxies Kormendy (1979) finds 

evidence that the intrinsic shapes of lenses resemble moderately flat- 

tened triaxial ellipsoids with preferred intermediate to major axis ra 

tio of ~0.9. He finds also that most outer rings are not circular, the 

shortest dimension being the one filled by the bar. 

An interesting suggestion on the shape of the disk comes from the study 

of disk galaxies with polar rings (Schweizer et al., 1983). In order to 

explain the apparent stability of these rings Steiman-Cameron and Duri- 

sen (1982) assumes that the disk, which is seen on edge, is not truly 

axially symmetric but slightly triaxial. In this way a significant cross 

section for capture of material into orbits precessing around the major 

axis and leading ultimately to orbits in the plane defined by the minor 

and intermediate axis of the disk, is made available. 
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Fig. I - Anon 1029-459, a possible example of an elliptical galaxy with 
a dust lane along the major axis. The dust lane exhibits pro- 
nounced warps on both sides. 
Photograph obtained on III a-J emulsion at the prime focus of 
the 3.9 m Anglo-Australian telescope. The image has been prin- 
ted using the unsharp masking and contrast enhancement techni- 
ques by Claus Madsen at the ESO Photo Lab in Garching. 
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DYNAMICS OF ELLIPTICALS : THE CASE FOR 2-DIMENSIONAL PHOTOMETRY 

R. Bacon and G. Monnet 

Observatoire de Lyon 

69230 Saint Genis-Laval 

I Without 2D photometry : The V/o - s test 

Binney 1978 has introduced the so-called V/~ - c test , where : 

e is the (constant) ellipticity of the isophotes 

V/o is the ratio of the maximum line of sight rotation velocity to the central velo- 

city dispersion of the stellar component. 

The most simple model - an oblate distribution of mass, with isotropic velocity resi- 

duals (in short the Isotropic oblate model : I.O.M. ) corresponds to a predicted 

V/a - ~ curve, fully independent of the radial mass distribution (Binney 1978), and 

only weakly dependent on the (unknown) inclination of the galaxy along the line of 

sight (Binney 1982). 

Classically, high luminosity - M B < - 20.5 - ellipticals do not fit this curve, and 

lie well below : Bertola and Capaccioli 1975, Schechter and Gunn 1979, Illingworth 

1981, Davies 1981, Davies and Illingworth 1983. On the other hand, low luminosity 

ellipticals - M B > - 20.5 - fit reasonnably well (Davies et al. 1983), as well as 

Lenticular bulges (Dressler and Sandage 1983) and Spiral bulges (Pellet and Simien 

1982, Kormendy and Illingworth 1982, Illingworth and Schechter 1982, Davies and 

lllingworth 1983) . See however Whitmore et al. 1984 for a dissident view. 

This provides, however, for only a global test; a more powerful assessment is to 

compare the observed mean rotation curve V (r) and dispersion curve o(r) along the 

galaxy, with the curves predicted under the I.O.M. 

II With 2D photometry : Testing locally the I.O.M. 

Bacon 1985 has solved the second order hydrodynamical equations for the Isotropic 

oblate case and an arbitrary inclination along the llne of sight. 

Typical observable o and V curves along the apparent major axis are given in figure 2 

for a galaxy obeying the classical r I/4 de Vaucouleurs density law, with a constant 

= axial ratio q = 0.4, and an apparent axial ratio qa 0.6 The effect of finite reso- 

lution of the telescope - spectrograph combination - modelled by a gaussian blurring 
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function of width d - is shown by the dashed curves in fig. 2. Fig. 1 gives the cor- 

responding distorsions of the luminosity curve m(r) and the axial ratio curve qa (r). 

One sees the large effect on the mean stellar rotation curve V(r) at small radii,which 

is already apparent for r ~3d, while the dispersion curve o(r) is only moderately 

affected. 

O.B 

0 .  7 

0.6 

0 . 5  

_ ~.O 

- 6 . 0  

_~.o 

_ z . o  

o . o  

2 . e  

4 .0  

~,.O 

~ I I I ' I 
O.. 

o e D a e e e e e o e e e e  e e e e o o e a e e b ~ o e e e e e e  o 

__ ° D o 

%. %~ e o %. 

% 
"% 

__ ~ ' ~  e o e .  ~ 

m 

.......... ! 7" 

-7- -I 0 

Figure 1 : ~ 1/4 Oblate model - apparent axial ratio qa = 0.6 
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Figure 2 : Same model as in Figure 1 

Predicted line of sight isotropie ~ and V curves 

V and ~ are respectively given by the convolution of the theoretical line of 

sight first and second order velocity momenta by the transfer functibn. 
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- Application to the giant elliptical NGC 4889 

Its luminosity distribution obeys a r I/4 de Vaucouleurs law (Young 1976). Fig 3 a,b 

gives the theoretical V - o curves - for the values of q and qa compatible with the 

observed axial ratios -, and the Davies et al. 1983 experimental points. In view of 

the large equivalent radius of the galaxy (r e = 25 arc.sec.), the finite spatial 

resolution of the data cannot have a significant effect on the theoretical curves, 

and the classical result from the global V/o - a test, i.e. incompatibility with 

the I.O.M., is confirmed 
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Figure 3 A, B : NGC 4889 Isotropic ~ and V curves 
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- Application to the compact elliptical NGC 4387 

Its luminosity distribution obeys a de Vaucouleurs law (Watanabe 1983). The compari- 

son is given in fig. 4 a, b; and again the experimental points seem incompatible wi~ 

the I.O.M. However, convolution with a gaussian of 5" F.W.H.M. givesa near perfect 

agreement, and isotropy seems quite possible : A more definite test awaits high spa- 

tial resolution spectrographic data. 
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Figure 4 A, B : NGC 4387 Isotropic a and V curves 



142 

Such detailed analysis, on eight ellipticals, by Bacon 1985 give the following con- 

clusions : 

a) Giant Ellipticals, of the cD type, are indeed incompatible with the I.O.M. 

b) Normal Ellipticals, i.e. not of the cD type, are quite compatible when the 

(usually coarse) spatial resolution along the spectrograph slit is taken into ac- 

count. 

It must be stressed that this strong influence of finite spatial resolution is due 
1/4 

to the large luminosity gradient exhibited by ellipticals - at least of the r 

type (de Vaucouleurs and Capaccioli 1979, Schweizer 1979) and often even more pro- 

nounced,with the presence of a nucleus (e.g. M 87 Young et al 1978,and M32 

Bendinelli et al. 1977). 

III The Need for High Resolution 2D Photometry : Measuring the Anisotropy 

For non isotropic cD's - like NGC 4889 - the next step is to determine the kind of 

anisotropy generated in the galaxy (via the cD evolution by galactic cannibalism or 

through tidal forces ?), but assuming that it is oblate. 

From Bacon 1985, we give in Fig. 5 a,b, the ~ = (02 + V2) I/2 predicted anisotropy 

curves, respectively .for a semi-isotropy (Binney's1978~ = 1 - o~2/ar 2 equal to gero)~ 

and for a large excess of radial motions (~ = 0.75 r/O.Ol r e + r), as well as the 

Davies et al. 1983 experimental values. 

As canbe easily seen, no conclusions can be drawn, as this would require data at 

least down to radii ~ 10 -2 r e (ie. ~ 0".25). 

This is quite a general problem, as discrimination between different degrees of ani- 

sotropy uses the slope of the velocity dispersion of the experimental points, not 

their absolute values. High spatial resolution photometric and kinematical data are 

then essential, and, even more important, the attained resolution must be quantita- 

tively assessed. As a first step, we urge long slit spectrographists to estimate 

the resolution of their kinematical data (e. g. from the one dimensional profile 

along the slit). A major long term improvement would be to obtain simultaneously 

true two dimensional photometric and kinematical data for instance with spatial 

scanning along a long slit spectrograph (as already tested at the AAT), or with spec- 

tral scanning Fabry-Perot Interferometers. 
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FINE STRUCTURE IN ELLIPTICAL GALAXIES 

Francois Schweizer and W. Kent Ford, Jr. 
Department of Terrestrial Magnetism 
Carnegie Institution of Washington 

Washington, D.C. 20015~ USA 

Elliptical galaxies have long been regarded as possessing smooth light 

distributions. New photographic and digital techniques, however, have led to the 

discovery of a rich set of fine structures such as ripples, shells, streamers, dust 

lanes, and others (Malin 1979, Malin and Carter 1980, Schweizer 1980, Schweizer 

1983, Malin and Carter 1983). For several years, we have been conducting a survey 

of 36 field giant ellipticals (-19.5 > M B > -22) with the aim of finding fine 

structure in them. We have been interested especially in structures that may be 

signatures of merger activity, and in correlations between them and the presence of 

isophotal twists, color anomalies, and abnormal M/L ratios. We discuss here the 

analysis of the direct images obtained in our survey. First we describe a digital 

masking technique that is closely related to the photographic unsharp masking. Then 

we briefly present some statistics from the field-elliptical survey and interpret 

the results. 

DIGITAL MASKING 

To detect fine structure in ellipticals and related merger galaxies, we use a 

Gould-DeAnza IP-8400 image processor attached to a VAX-11/750 computer and an 

enhanced version of the Tololo-Vienna Reduction System. A filtering algorithm 

similar to the photographic unsharp masking has proven especially useful for 

enhancing very faint structures. In essence, it consists of subtracting from the 

original image an unsharp copy obtained by digital convolution with a 

two-dimensional blurring function; the contrast of the difference image is then 

increased. Figure I illustrates the procedure with an image of Arp 230, a galaxy 

with ripples. Figure la shows a portion of a IIIa-J plate obtained at the CTIO 4-m 

telescope. The plate was scanned with a PDS microdensitometer in a 512x512 raster 

with 15um = 0~28 steps and displayed on a TV monitor without further processing. 

Figure Ib shows an unsharp digital mask produced from the original image as follows: 

first we suppressed the brightest star by interpolating the surrounding sky across 

it, then we cleaned all fainter stars by running a circularly shaped median filter 

of 6" diameter across the whole image, and finally we smeared the image by 

convolution with a 2-D Gaussian weighting function With ~ = 5" and a circular 

boundary at r = 2~. Figure Ic shows a masked image obtained by subtracting the 
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Figure I. Steps in digital masking of Arp 230 : (a) Original scan of a 2~3x2!3 
field; (b) unsharp mask; (c) masked image; (d) filtered with 3x3 median and 
increased contrast; (e) filtered with 11-pixel diameter median; (f) scan of 
4!6x4!6 field at extremely high contrast. Note the tail extending south. 

unsharp mask, multiplied by 0.8, from the original image and increasing the contrast 

of the display by a factor of four. Clearly, the difference image shows the 

ripples, inner ring, and dust lanes of the galaxy much better, at the price of 

increased visibility of the photographic plate noise. (This masked image is 

comparable to Arp's [1966] photograph, which was enhanced by electronic dodging.) 

The visibility of fine structure can be enhanced further by median filtering the 

masked image and increasing its contrast. Median filters have the desirable 

property of preserving edges while diminishing noise (e.g., Pratt 1978), which is 

exactly what is needed to enhance ripples in a noisy image. Figures Id and le show 

the results of passing a square 3x3 median filter and a circular, 11-pixel diameter 

median filter, respectively, across the image. The 3x3 filter clearly brings 

improved visibility, whereas little gain is achieved by the larger filter. 

Apparently, the human brain contains excellent noise suppression circuitry and 

nearly resents heavy digital filtering. Finally, Figure If shows a I024xi024 scan 

of the same galaxy, filtered with a 7x7 median and displayed at extremely high 

contrast. The faint filamentary appendix extending from Arp 230 to the south is 

suggestive of an old tidal tail, a feature which several other galaxies with ripples 

do also display (see Figs. 2 and 3). 
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Figure 2. Fine structure in merger galaxy NGC 7252. (a) Sum of scans of three 
CTI0 4-m plates (3'x3' field); (b) masked image showing inner structure and ripples; 
(c) large-area print made from one of the plates. 

When compared to photographic unsharp masking, digital masking offers 

significant advantages: quantitative information, strict reproducibility, 

elimination of stars from the mask, and better noise suppression. Also, the digital 

masking can be refined to yield photometric information by substituting a fitted 
I/4 

model (e.g., a r law) for the convolved mask. Disadvantages of digital masking, 

at least for the present, are: long computing times and limited numbers of pixels 

(typically 5122 to 10242). Clearly, one of the main reasons for developing digital 

enhancement techniques is that astronomical images are obtained increasingly in 

digital form, as for example with CCD detectors; hence digital processing is a 

necessity if the advantages of linear detectors are not to be lost. Last, but not 

least, it may be easier for today's average astronomer to find a nearby 

image-processing facility than to find a photographic laboratory with experience in 

unsharp masking. 

Figure 2 shows an example of fine structure in the merger galaxy NGC 7252, 

where digital masking has proven superior to photographic masking. From visual 

inspection of CTIO 4-m plates taken in I" seeing, we have long known that there are 

weak ripples in this likely merger of two disk galaxies (Schweizer 1982), yet until 

recently we were not able to reproduce them satisfactorily on a photographic print. 

Problems arose from the small size of the galaxy image on the plate, the grain 

noise, and the large density gradients in the image. Digital enhancement of the 

ripples, on the other hand, has proven straightforward. Figure 2a shows an image of 

the main body of NGC 7252, formed by coadding scans (512x512 pixels, steps of 20~m = 

0U37) of three different plates, thus reducing the noise by a factor ~. Figure 2b 

shows a masked image obtained by subtracting from the sum image a mask produced 

through convolution with a ~ = 2U3 Gaussian and multiplied by 0.9. The masked 

image reveals three pronounced ripples in the western part of the bright inner body 

and two weak ripples further out to the south. Given the two long tails that extend 

from the main body (Fig. 2c), NGC 7252 is yet another galaxy where ripples and tails 
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Figure 3. Fine structure in the E3 galaxy NGC 5018. (a) Scan of a IIIa-J plate 
(3'x3' field); (b) masked image showing ripples, dust lanes, and luminous plumes; 
(c) 9'x9' scan at extremely high contrast showing outer tails. 

seem to be associated. In fact, it is this object which led one of us to propose 

that ripples may be signatures of mergers involving disk galaxies (Schweizer 1980), 

and we are happy to finally be able to present a crucial piece of the evidence. 

SURVEY OF 36 SOUTHERN FIELD ELLIPTICALS 

To study fine structure in giant ellipticals, we have selected a sample of 36 

southern field E's brighter than m B = 13.0, with recession velocities less than 3300 

km s -I, and being as isolated as possible; their absolute magnitudes lie "in the 

range -19.5 > M B > ~22. We have obtained deep IIIa-J plates of all of them and 

short exposures of most of them. Thirty-two E's were photographed with the CTIO 4-m 

telescope and four E's with the Palomar 48-inch Schmidt. A first search for fine 

structure was conducted by visual inspection of the plates and of high-contrast 

prints made from them. As a second step, we are now tracing the plates with a PDS 

microdensitometer and processing them digitally. So far, we have completed the 

digital unsharp masking for only a few of them. Table I summarizes the preliminary 

statistics, based on our visual inspection, of three types of fine structure: 

ripples, linear features, and dust patches and lanes. By "ripples" we mean the 

arc-shaped brightness enhancements called "shells" by Malin and Carter. These 

ripples occur at distances ranging from very close to the center to the distant 

Table I. Fine Structure in 36 Field Ellipticals 

Type of fine structure # galaxies #/36 

Ripples (some very weak) 16 
Linear features ("plumes", "tails", ...) 10 
Dust (patches or lanes) 9 

44% 
28% 
25% 
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Figure 4. Crossed streamers of the E2 galaxy IC 3370. (a) Print of 10-min IIIa-J 
plate (4~7x4!7 field) showing apparently normal inner structure. (b) Print of 
90-min IIIa-J plate showing "crossed streamers" in the outer regions. (The weak 
ripples are not visible in this unprocessed image.) (c) Isophotes from a CCD image 
obtained with the CTIO 4-m telescope by Patrick Seltzer. 

outskirts of the galaxies. They are also observed in merger galaxies such as 

NGC 1316, 5128, and 7252. Among the elllptlcals with newly discovered ripples are: 

NGC 596, known for its strong isophotal twists and relatively fast rotation; 

NGC 5018, which features also dust and two filamentary extensions reminiscent of 

tidal tails, as shown in Figure 3; and IC 3370, with two very unusual crossed 

streamers forming an X and material filling two opposite quadrants of this X 

(Fig. 4). Computer simulations by Quinn (1984), Toomre (unpublished; see Fig. 3 in 

Schwelzer 1983), and Dupraz and Combes (1985) explain the ripples as the remains of 

disk galaxies accreted by the ellipticals. Observations of E's in spiral-elliptlcal 

pairs (e.g., NGC 474 = Arp 227) and in small goups (e.g., NGC 596) suggest that 

complete accretions (= mergers) need not always be invoked: partial mass transfer 

from a nearby disk galaxy may often suffice to create nice ripples. Some of 

Toomre's models support this view. If these interpretations are correct, then the 

statistics of Table I suggests that nearly one half of our survey ellipticals have 

accreted disks or parts of disks. If we further assume that, because of stretching 

and diffusion, ripples remain visible for ~ 2 Gyr, as the Quinn and Toomre models 

suggest (but see Dupraz and Combes 1985), then a typical field giant elliptical must 

have accreted at least 2-5 (parts of) disks over the age of the Universe and, after 

correcting for higher interaction rates in the past, probably closer to 4-10 (parts 

of) disks. We suggest that it is this random accretion of luminous matter which may 

be the cause of the slow apparent rotation of giant elllpticals. 

This work was supported in part by NSF grants AST-82 16979 and AST-83 18845. 
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DISCUSSION 

E. Sadler : What is the overlap between ripple galaxies and dust-lane galaxies in 
your sample, i.e., are the galaxies with ripples the same as those with dust? 

F. Schweizer : Some ripple galaxies do have dust (e.g., NGC 1316, 3923, 5018, 5128, 
and IC 3370), others do not. Dust clearly also occurs in galaxies with no known 
ripples. In our sample, I cannot remember offhand the statistics of correlation or 
anticorrelation. I would like to point out, however, that dust seems to occur most 
often in small patches or lanes near the center, and I detect it in these cases only 
on my I minute and/or 10 minute IIIa-J plates of the objects, but not on the I - 1.5 
hour plates. I quoted the dust statistics for its own interest rather than to use 
it in any way as evidence for ripples being signatures of disk accretions. 

J.-L. Nieto : Do you have an estimate of the percentage of dull normal elliptical 
galaxies such as those that the theoreticians had imagined until ten years ago? 

F. Schweizer : Since 44% of field ellipticals in our sample show ripples, the other 
56% could be called dull and normal. However, it is my impression that with 
increasing signal-to-noise ratio we will find fine structure in all ellipticals. 

A. Fabian : Do you actually observe a suitable population of disk galaxies around 
isolated ellipticals that can subsequently fall in? Presumably there must be 
several tens of such galaxies per elliptical. 

F. Schweizer : It is difficult to find truly isolated giant ellipticals. Only 15 
of our 36 E's have no companion galaxies within a projected radius of 500 kpc (for 
H = 50), and even these have sometimes neighbors not much further away in 

O . . 

projectlon. I emphasize that both some of our photographs and the Toomre models 
suggest that mass transfer during disk-elliptical encounters can also create 
ripples. Hence, not each event need be a full-scale merger, and in sparse groups 
several neighboring disks may donate material, or even one disk may donate material 
on several occasions. So there is a suitable population of neighboring disk 
galaxies for present-day and future mass transfers and/or mergers, and one must 
assume that there were more of them in the past, some of which have merged. 

R. Terlevich : What is the distribution of morphological types of shell galaxies? 

F. Schweizer : Very little is known for types other than giant ellipticals. I know 
of a half dozen SO galaxies that have ripples and of only one Sb galaxy. The latter 
is NGC 3310, where I interpret Walker and Chincarini's "bow and arrow" signature 
(Ap.J. 147, 416, 1967) as a ripple and a likely tail, respectively. There may be a 
problem with ripples in E's versus SO's. Galaxy classifiers tend to shift 
ellipticals that have some sharp features into the SO category, and I have noticed 
that several galaxies with ripples have had their type changed from E to SO as 
better plate material has become available. Therefore, I believe that one should 
include SO galaxies in any survey aimed at deriving ripple statistics, and Kent Ford 
and I are trying to do just such an E+SO survey in the north. 

F. Bertola : I would like to point out that the elliptical galaxy NGC 4125 also 
shows in its outer regions a cross-like structure similar to that in IC 3370. 



CAN SHELLS HELP TO DISTINGUISH PROLATE FROM OBLATE ELLIPTICAL GALAXIES ? 

Dupraz Ch., Combes F., Ohservatoire de Meudon, 92190 Meudon, France 

I-Introduction: 

Schweizer (1980,1983) noticed the frequent associations of ~ai]~ and 'ripples' Jn 

mergers of galaxies, and concluded that these ripples might be the signature of a tidal 

encounter involving an elliptical galaxy. From an extended survey by Malin and Carter (1983), 

~t appears now that 17% of all isolated e/liptical galaxies display a system of 'she]Is' : 

numerous sharp and nearly circular optical features encircling the galaxy. In a recent article, 

Quinn (1984) developped the hypoth~ of merging and by convincing simulations, 

demonstrated that the shells are formed by the mechanism of phase wrapping of the 

companion stars in radial crbits in the potential of the e3]ipticaL Quinn ~l~med that the 

comparison between the model and observations (number of shells, positions..) could help to 

determine the mass distribution in the elliptical (presence of a dark component, ...). But he 

only used spherical poten~m~ for the elliptical galaxy. Here we present 3-body simulations of 

a merger involving a true elliptical potential, either oh]ate or prolate (ellipticity in density 

of E3.5). We show that the shell systems formed in the two cases are quite different- shells 

are indeed a mean of revealing the unknown 3D shape of the ~lli[~/cals. 

]I-The modeh 

We simulate the accretion of a small galaxy companion by a massive elliptical in a 

rad~] encounter at low initial velocity. The technique is a restricted 3-body code. 

Central e/liptical ~ala~: The potential is that of a King mode/ with a concentration 

parameter of c = lOgl0 (r~r c) = 2.25, corresponding to the best fit to an elliptical light 

d~buHon (cf. King 1966). The chosen values for the mass and radius correspond to a 

typical giant elliptical M = 1012 Me, r t = ii0 Kpc ( r c = 0.62 Kpc). The ellipticity is 

introduced in the potential, and for the sake of simplicity the axis raHo is independent of the 

distance from the center ((a-b)/a of the order of 0.i). By the Poisson equation we obtain a 

corresponding density d/stribution whose ellipticity is slightly increasing from the center to 

the outer parts. The projected density profile is compatible with the observations. The 

pro]ate or oblate galaxies constructed in this manner are of an E3.5 type (corresponding to 

the mean observed ~]]~pticity). 

Accreted companion @ala~: We can follow the fate of the companion material by 

3000 test particles. The mass ratio between the two galaxies is 100; M(companion) = i0 I0 

M e. The companion can be either a spiral (disk system) or an elliptical (spherical system). In 

the first case, the test particles are dist~d in a plane, with an exponen~a]]y decreasing 

surface density (characteristic radius = 15Kpc). The potential is that of a Toomre disk (in 

£r2+ a2) -I/2, with a = 3.83Kpc). An initial velocity dis~on is added to the rotational 
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velocities, which amounts to the critical dispersion necessary for axisymmetric stability 

(Toomre, 1964): Q = 1 (the central raddal d/spersion is 30Km/s). 

In the case of an e]/iptical companion, the particles are distributed in a sphere with 

a radial density distribution Corresponding to the King model. They evolve in a King potential 

of radius r t = 50 Kpc, with no rotation and a ID central velocity dispersion of 50Km/s. 

The impact parameter b of the cnlli~ion is very low or null. We have checked that 

the results are not significantly changed until b = 20Kpc (almost radial orbits). 

The geometrical parameters of the s[mulat/ons are essentially: 

- ~ the impact angle of the companion with respect to the axis of symmetry of the 

ellipsoidal galaxy, 

- ~ the angle between the initial relative velocity and the plane of the companion, 

when it is of spiral type (this parameter disappears in case of a spherical companion). 

We have also varied 60 , the angle defining the line of nodes between the orbit 

plane and the companion plane, but it is not a fundamental parameter. 

]]I-Results: 

i) Comparison between oblate and prolate central ~]1~ptica]s: 

The companion is a disk galaxy. 24 simulations (12 for oh]ate, 12 for prolate) were 

run corresponding to 3 values of ~) (33.5, 60, 80.4) and 4 values of ~ . These angles are 

chosen to deliminate precise range of incidence probabilities (16%, 50%, 83%). 

a) for the oblate case, a clear system of shells is formed only in 5 % of the initial 

conditions, when the companion is accreted almcst in the main plane (circular section) of the 

elliptical. The shells system is then gathered at a low latitude around th/s main plane, spread 

around 360 ° (cf figure). When projected onto the sky, the shells are clearly apparent only 

when the galaxy is seen nearly face-on (its type is then E0). 

b) for the prolate case, she]/s have a probability of 50 % to form, i.e. when the 

companion arrives within 60 ° of the symmetry axis. They are portions of sphere aligned with 

the major axis Of the galak-y. In projection, they disappear when the line Of sight is parallel 

to the galaxy axis (apparent type E0), but they are clearly seen in all other directions, 

aligned on the apparent major axis Of the galaxy. 

In summary, there are two kinds of she/Is systems that can be observed: either 

multiple arcs aligned in a cSne, within a certain angle from the major axis of the galaxy 0ike 

NGC 3923, Malin & Carter 1983), or portions of rings d ~  at random angles around a 

galaxy Qf almost circular projection (E0) (of NGC 474, Arp Atlas n°227). These are likely to 

be respectively pro]ate and oblate (cf figure). 

2) E-type companions: 6 simulations were run with the same initial conditions, but 

with a spherical companion. The results are quite similar to the precedent ones. The 

dispersion of impact angles and also in ve/oclties (~"v ~ 50 Km/s) does not mix out the system 

of she/is. 
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3) Influence of the companion potenH~l; until now, we assumed that the bulk of the 

companion mass was negligible, soon after the beginning of the encounter. If we keep this 

potential for a longer time, and simulate the actual accretion by a realistic dynamical 

friction (values taken from Lin & Tremaine 1983), the mixing of the shell system is not 

significant_ Besides, the introduction of this potential increases the ratio of distances 

between the first and last shells formed. This can help to reproduce the observations, since 

this raHo is very large in NGC 3923 for example (ra~o of i0). 

IV-C onclu~don: 

Shells form around e/liptical galaxies during and after the accretion of a small 

companion either of spiral or elliptical type. The impact parameter must be small (almost 

radial orbits). The dish/bution of the shells is quite different for oblate and prolate galaxies, 

and their observation is a clue to the 3-D shape of the elliptical. Shells are formed with 50 % 

chance for prolate and 5 % for oblate galaxies; we can therefore predict that the percentage 

of prolate galaxies is much higher in the galaxies with shells than in the whole sample of E 
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DIS C USSIO N 

F. Schweizer : These are beautiful results. It seems to me you have just explained the 

observations of IC 3370. How long do your shells last, more than 2109 years? 

Ch. Dupraz : Intrinsically, the shells can last forever. However, the number of shells grows 

linearly with time, Le. N _ t~GM/R ~ , so that after a while the she]/s are so numerous and so 

close by, that the whole shell system is washed ou~ For reasonable values of M and R, the 

shell system can lest as long as a Hubb]e time (we can form up to 20 shells after i0 I0 years). 

A. Fabian : First, may I comment that ellipticals do contain a lot of gas 0£ is hot). Second, 

may I ask whether you can explain on a simple level how such 'cold' features as shells arise 

from the interaction of two 'hot' galaxies. 

Ch. Dupraz : I want first to recall that the central galaxy jt~t acts as a potential well and it 

does not matter whether it is a cQld or hot st~ll~r system. For the companion, the velocity 
dispel~on ;% V, even for an elliptical galaxy, introduces a small dispersion in the pe/iods T of 

the particles in their pendulum motion in the potential well of the central galaxy. In other 

words, as is shown above, the dispersion in tQi (the initial phase associated with each 

particle) introduced by ~ V is small in front of T(an) , where a n is the apocentric distance of 

the n th shell. 



CONSTRAINTS ON THE POTENTIAL OF BARRED GALAXIES FROM SURFACE PHOTOMETRY AND 

DIRECT PHOTOGRAPHY 

E. ATHANASSOULA 

Observatoire de Marseille 

13248 MARSEILLE CEDEX 4, France 

The choice of an appropriate potential is crucial for all dynamical studies of 

barred galaxies. Indeed it can greatly influence the properties of the orbits, like 

the type, extent and stability of the families of periodic orbits, the existence and 

amount of ergodicity, and, through these, global properties like the stellar or gas- 

eous responses to the bar. Some insight can be had by trying several types of barred 

potentials, but it would be preferable to concentrate one's efforts on potentials 

relevant to real galaxies. So the question arises :Which ones ? 

Most studies made so far use a very simple potential. It is a Fourier series in 

which only the m = 0 (axisymmetric) and the m = 2 term have been retained i.e. 

V(r,8) = V (r) + V2(r) cos 2e 
O 

where r and @ are the polar coordinates of a given point (e.g. Sanders and Huntley, 

1976; Sanders, 1977; Contopoulos and Mertzanides, 1977; Contopoulos, 1978 and later; 

Contopoulos and Papayannopoulos, 1980). However this cannot be realistic for the case 

of a strong bar where the other harmonics of the potential and in particular the 

m=4 are too large to be neglected. Thus another class of models, in which the bar 

is described by a homogeneous or nonhomogeneous ellipsoid, was introduced 

(Papayannopoulos and Petrou, 1983; Athanassoula et al., 1983; Pfenninger, 1984; Teuben 

and sanders, 1984 etc). Although this is free of a number of the shortcomings of the 

previous simple model (see Athanassoula et al., 1983 and Petrou, 1984 for a discussion) 

it is still not necessarilly realistic. For instance if the ellipsoid ends at coro- 

tation the bar perturbation outside it is very small and cannot induce ergodicity. 

Whether this is also true for real galaxies and how much ergedicity should be 

expected is still an open question. 

I will here briefly discuss two projects, whose aim is to derive some information 

about and constraints on the potentials that can be found in barred galaxies and to 

link certain properties of these potentials with morphological aspects of the galaxy. 

The starting point in both cases is direct photography and surface photometry. 

I. BAR POTENTIALS FROM SURFACE PHOTOMETRY 

A suitable sample of plates or CCD frames of a couple of dozens barred and oval 
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galaxies is necessary for this project. Surface photometry can give the deprojected 

calibrated images of these galaxies. Fourier analysis and subsequent use of an ap- 

propriate potential solver allows us to calculate the potential of the galaxy, as- 

suming a mass to light ratio (M/L). 

O. Bienayme and I have tested such procedure on NGC 1365, and have found that the 

m = 2 and m = 4 components of the potential are much wider and extend radially much 

further out than those of the homogeneous or nonhomogeneous ellipsoids ending at 

corotation. Thus the bar perturbation will be non negligible between corotation and 

outer Lindblad resonance, in contrast to what is found when the ellipsoid ends at 

corotation, and will incite ergodicity in this region. 

Detailed analysis of the results of this and other galaxies, together with a dis- 

cussion on the effects of a varying M/L and constraints from kinematics will be 

given elsewhere. 

II. THE SHAPE OF DUST LANES ALONG THE BARS 

Prominent dust lanes can be often seen in the bars of SBb or later type galaxies. 

Two classes have been described by Athanassoula (1984a) as follows: 

i) Straight. The best example is NGC 1300 (see fig. in Sandage, 1961). Although it 

has been believed that they are parallel to the bar major axis, careful inspection of 

large scale plates and the figures in Sandage (1984), Sandage (1961) and Sandage and 

Tammann (1981) gives the impression that, at least in several cases, they form an 

angle with it while staying parallel to each other, as is shown schematically in fig. 

la. Careful surface photometry would be needed to confirm this. In the inner parts 

they sometimes curl around the bulge (fig. Ib). 

ii) Curved (fig. Io), with their concave side towards the major axis. Good examples 

are NGC 6782 and NGC 1433. 

a 

b . . . . . . . . . . .  

Fig. 1: Shapes of dust lanes in 
bars. The bar major axis is 
drawn by a dashed line 

The link between these dust lanes and the shocks 

on the leading edges of the bar has been made 

more than twenty years ago (Prendergast, 1962) 

and has been well confirmed since then (Sanders 

and Tuhbs, 1980; Roberts et al., 1979; Van Albada 

and Roberts, 1981 etc). It is reasonable to 

expect the form of the dust lane to be defined 

by the bar potential. For this reason I calcu- 

lated the gas flow in several types of bar 

potentials using a gas code kindly provided by 

G.D. van Albada. A short description can be found 

in van Albada et al. (1982) and van Alhada (1983). 

More than fifty runs were made to assess the 
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influence of the free parameters. We will discuss here only the influence of the 

axial ratio. The other parameters were chosen so as to give dust lanes resembling 

most those of figure I and their influence will be discussed elsewhere (Athanassoula, 

! 984 b). 

Figure 2 shows the density response in the bar region of the first model. The bar 

is a homogeneous prolate spheroid and the axisymmetric background is a Toomre disk 

(Toomre, 1963) and a modified Hubble law bulge whose combination gives a flat rota- 

tion curve. The bar is at -45 ° with the x axis and has a 5 kpc semimajor axis (for 

reference the side of the box is 16 kpc). The Lagrangian points are at 6 kpc. The 

quadrupole moment is 4.5 10 I° M@kpc 2 and the axial ratio of the bar varies from 1.6 

to 2.6 . Figure 3 shows the same result for a nonhomogeneous prolate spheroid with a 

density distribution 
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Fig. 2: Density response in the bar region of the first model. The bar axial ratios 
increase from left to right and from top to bottom (a/b=1.6, 1.9, 2.2, 2.6) 
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The figures confirm the assumption that the bar potential influences the form of 

the dust lane. Indeed it is seen that for small axial ratios the dust lane is arced 

and of the form shown schematically in fig. Ic. For larger axial ratio the dust 

lanes are straight and parallel to each other but at an angle to the bar major axis, 

in good agreement with figure la and lb. Thus it can be expected that the former will 

be preferably found in ovals or weak bars, while the latter will be found in strong 

bars. A cursory perusal of several plates and figures of barred galaxies conveys the 

same impression. Thus the shape of the dust lanes in the bar can be used to set con- 

straints on the amplitude of the bar potential. 

A more detailed discussion together with a theoretical explanation in terms of or- 

bits and some comparisons with observations will be given elsewhere (Athanassoula, 

1984b). 
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Fig. 3: Density response in the bar region of the second model. The bar axial ratios 
increase from left to right and from top to bottom. (a/b = 1.6, 1.9, 2.2, 2.5) 
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DISCUSSION 

Combes F.: Does the variation of the angular velocity of the bar change significantly 

the shape of the dust lanes in your model ? 

Athanassoula E.: I have discussed here the variation of only one parameter, the axial 

ratio of the bar. The other parameters were chosen so that the dust lanes resemble 

most those of fig. 1. The adopted angular velocity of the bar places the Lagrangian 

points at 6 kpc with a bar semimajor axis of 5 kpc. The shape and even the existence 

of the dust lanes depends heavily on the angular velocity of the bar, as can be seen 

from the following figure, where I compare three runs in which the Lagrangian radii 

are correspondingly 5, 6 and 7 kpc. It is clear that dust lanes as those shown in 

fig. I can be found only for a limited range of pattern speeds. 
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Macchetto F.: Does your model show velocity variations across the dust lanes ? 

Athanassoula E.: Yes, and they are sizeable as can be seen from the figures. The 

length and direction of the arrows give the amplitude and direction of the velocity 

vectors. This model has a nonhomogeneous bar as described above, an axial ratio of 

a/b = 2.5 and a Lagrangian radius of 6 kpc. 



BLUE AND NEAR-INFRARED SURFACE PHOTOMETRY OF 50 BARRED AND 

NONBARRED SPIRAL GALAXIES 

B.G. Elmegreen and D.M. Elmegreen 

IBM Thomas J. Watson Research Center 

P.O. Box 218, Yorktown Heights, N.Y. 10598 

PLATE MATERIAL 

Fifty spiral galaxies of various Hubble types and spiral arm classes were observed with the 1.2 

m Palomar Schmidt telescope in blue (4360 A) and near-infrared (8250/k)  passbands. The 

plates were digitized on a microdensitometer (Angilello et al., 1984) using an aperture size cor- 

responding to about 1.4 arc seconds (20/~ aperture in most cases) and a 512 x 512 pixel image 

size. All of the plates have calibration wedges, so relative intensities could be determined every- 

where but in the overexposed nuclei. 

OBSERVATIONS OF NONBARRED GALAXIES 

The spiral structures of the galaxy images were analyzed from plots of the variation of inten- 

sity with inclination-corrected azimuthal angle. Two types of spiral arms in nonbarred galaxies 

were found (Elmegreen and Elmegreen 1984- Paper I). "Grand design" galaxies have long and 

symmetric spiral arms that are nearly pure stellar density enhancements in the old stellar disks. 

"Flocculent" galaxies have unconnected, spiral-like pieces of arms that are very blue, and prob- 

ably pure star formation. 

Figure 1 shows near-infrared photographs of two galaxies, NGC 4321 and NGC 5055, which 

have the same Hubble type (Sbc) but different spiral arm types. Typical azimuthal profiles are 

also shown. Grand design galaxies, such as NGC 4321, have similar profiles in the blue and near- 

infrared, so the excess light in a spiral arm compared to the interarm region is almost entirely the 

result of an excess density of stars in the arms. The amplitude of the density pattern can be large, 

especially in the outer parts of the galaxies, where the arm/interarm brightness contrast is often 

2 or more magnitudes, corresponding to a relative arm strength of 70%. Flocculent galaxies, such 

as NGC 5055, have no significant density variations in azimuth. 
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Individual star formation regions stand out clearly on the azimuthal scans of both NGC 4321 

and NGC 5055. In the grand design galaxy, they appear as blue peaks superposed on the smooth 

density wave profile. The near-infrared peaks at the same locations are much fainter. NGC 5055 

has similar blue-only peaks, but the background in this flocculent galaxy has no sinusoidal vari- 

ations from a density wave. The star formation mechanisms may be similar in the two types of 

galaxies, but the overall distribution of star formation follows the density wave pattern in a grand 

design galaxy and is apparently random in flocculent galaxies (e.g., see Seiden and Gerola 1982). 

Figure 1 - Near-infrared photo- 
graphs of NGC 4321 (left) and 
NGC 5055, and inclination- 
corrected azimuthal profiles of 
the B and I band intensities. Blue 
profiles are traced by heavier 
lines. Each pair of profiles is for 
the radius indicated by the num- 
ber on the left, in units of the ra- 
dius at 25 magnitudes per square 
arc second. Marks on vertical 
axes indicate 2 magnitude inter- 
vals. 
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BARRED GALAXIES 

Figure 2 shows two barred galaxies in the near-infrared passband, NGC 1300 and NGC 2500. 

The spiral arms in grand design barred galaxies (such as NGC 1300) are stellar density waves 

(Elmegreen and Elmegreen 1985 -- Paper II). Flocculent barred galaxies (such as NGC 2500) 

have either weak density waves or pure star formation arms. 

The stellar nature of barred galaxy spiral arms contradicts gas dynamical models where the 

arms are entirely in the gas and young stars. The existence of stellar spirals may imply that bars 

gro w slowly, and that the growth continuously excites a spiral in a not-strongly self-gravitating 

stellar disk (Thielheim 1980, 1981; Thielheim and Wolff 1981, Polzin and Thielheim 1981). Al- 

ternatively, a wave-mode with a bar-spiral pattern may grow if the disk is strongly self-gravitating 

(Toomre 1981, Bertin 1982, Haass 1982, Lin 1982). In either case, the presence of stellar arms 

implies that the bar-spiral pattern evolves, since the arms transfer angular momentum outward 

(Lynden-Bell and Kalnajs 1972). Such transfer itself may cause the bar to grow, so the bar-spiral 

pattern could be mutually reinforcing. 

There are two types of bars in barred galaxies (Paper II). Figure 3 shows the intensity profiles 

of NGC 1300 and NGC 2500 along the bars and spiral arms (dots) and along the interbar and 

interarm regions (lines). The profiles are flat and exponential in the two cases, respectively. Flat 

bars generally occur in early type SB galaxies, and they tend to be larger than exponential bars, 

relative to both the galaxy size and the length of the rising part of the rotation curve. Figure 4 

shows these correlations between relative bar size, Hubble type and bar type (squares = flat bars; 

triangles = exponential bars). 

Flat bars are also stronger than exponential, bars: the ratio of  the peak amplitudes of the m= 2 

to the m=0 Fourier components of the bar azimuthal profiles equals 0.6 and 0.4 for the flat and 

exponential types, respectively. The spiral arm structures in flat and exponential barred galaxies 

differ as well. Flat barred galaxies tend to have long and symmetric spiral arms that decrease in 

amplitude with radius, while exponential bars tend to have chaotic looking arms that increase in 

amplitude with radius (a s they do in nonbarred galaxies -- Schweizer, 1976; Paper I). 
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We believe that the different arm structures imply that spirals in flat-bar or early type SB gal- 

axies are strongly driven by the bars, and that they exist between approximately the corotation 

radius and the outer Lindblad resonance. The spirals in exponential-bar or late type galaxies are 

poorly driven by the bar, and they probably lie between the inner Lindbtad resonance and 

Figure 2 - NGC 1300 (left) and NGC 2500 in the near-infrared passband. 
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Figure 3 - Profiles of surface brightness (in magnitudes) in the near-infrared passbands of the bar 
and spiral arm regions (dots) and the interbar and interarm regions (lines) for NGC 1300, a typ- 
ical flat-barred galaxy, and NGC 2500, a typical exponential-barred galaxy. The vertical lines at 
the top margin indicate the radial positions of the ends of the bars. The abcissa is radius in the 
galaxy, measured in units of the radius at 25 magnitudes per square arc seconds. The ordinate is 
relative surface brightness (arbitrary zero point) with one-magnitude intervals indicated. 
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corotation, as do spirals in nonbarred galaxies. These conclusions follow from the observed radial 

increase or decrease in spiral arm strength for the flat and exponential types, respectively, and 

from the prediction that the inner or outer Lindblad resonances absorb the wave (Shu 1970; 

Lynden-Bell and Kalnajs 1972). Increasing spiral arms should exist between the inner Lindblad 

resonance and corotation and decreasing spiral arms should exist between corotation and the 

outer Lindblad resonance. 

The relative bar sizes (Figure 4) are consistent with this placement of the orbit resonances. 

The exponential bars in late type galaxies extend between ~0.4 and ~ 1.2 times the length of the 

rising part of the rotation curve, so these bars may end at an inner Lindblad resonance (which 

usually occurs near the turnover point on the rotation curve). Also, theoretical orbits in strong 

bars extend out to corotation, so the flat bars, which we observe to be strong, probably extend 

out to corotation. 
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BRIGHTEST MEMBER LUMINOSITIES AND DYNAMICAL TIMES OF GALAXY CLUSTERS 
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Via G.B. Tiepolo ii 

I - 34131 Trieste, Italy 

INTRODUCTION 

It is generally believed that galactic cannibalism plays a major role in the 

formation of very bright galaxies in clusters. Simple schemes for the merging 

of galaxies require the first-ranked galaxy in a cluster to grow at the expense 

of the other bright cluster members, the effect being largest in those clusters 

with short dynamical times. In particular, within a standard cannibalism scenario 

one expects to find a correlation between fundamental dynamical time scales 

(such as the crossing time and the relaxation time of clusters) and the magnitude 

difference ~ MI2 (or ~MI3 ) between the first and second (or third) brightest 

cluster members (McGlynn and Ostriker, 1980). 

The analysis of the data from 15 Abell clusters, carried out by these two authors, 

yielded moderate correlations (in the sense expected) between the two above- 

mentioned cluster dynamical times and ~ MI2 , which the authors regarded as support 

for their view. In this paper we wish to check whether the correlations claimed 

by McGlynn and Ostriker (1980) for galaxy clusters can be reconfirmed by an 

enlarged and more recent data base. 

ANALYSIS 

In searching for possible correlations with cluster dynamical times we are in- 

terested in the two quantities, t and t , taken to be proportional to the cluster 
c r 

crossing and relaxation times, respectively; we definite t and t as follows: 
c r 

2 
t = R/V (1) t = V.R (2) 
c r 
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where R is the cluster virial radius (in Mpe) and V is the cluster virial velocity 

dispersion (in Km/s). Searching in the literature, we have found 31 galaxy clusters 

with sufficiently adequate estimates of V, R, and of the magnitude differences 

MI2 and ~ MI3. In a few cases we have estimated the value of R from available 

determinations of V and of cluster virial mass according to the virial theorem. 

On the basis of a linear regression analysis of our whole data sample (and sub- 

sample), we wish to point out first of all that, contrary to Kashlinsky's (1983) 

finding, based on older data, V does not correlate with R. Besides, neither 

MI2 nor ~MI3 correlate significantly with tc or tr (the significance level 

is always < 90%), at variance with the marginal trends (at 95-96% significance 

level) claimed by McGlynn and Ostriker (1980). 

Besides casting serious doubts on the validity of the standard cannibalism 

scenario (e.g., Ostriker's (1978) review), which involves substantial merging 

of galaxies occurring in the course of cluster dynamical evolution, our results 

can be regarded as an indication that the action of any special evolutionary 

processes, which are probably responsible for the development of the brightest 

cluster members, is not appreciably related to cluster dynamical time scales. 

This conclusion appears to be consistent with the results of Merritt's (1984) 

computer simulations of cluster evolution. In fact, his study suggests that 

the essential properties of the brightest cluster galaxies are determined already 

during the stage of cluster collapse and that little evolution is expected after 

cluster collapse. Other recent simulations of post-collapse cluster evolution 

(Richstone and Malumuth, 1983; Miller, 1983) stress the difficulties for very 

massive and large galaxies to grow in virialized clusters through galaxy merging 

processes. Their primary evolution (including merging) may occur, before cluster 

virialization, in subclusters (Cavaliere et al., 1984), which are gradually 

erased through the coalescence of lumps. 
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DARK HALOS AROUND LATE-TYPE GALAXIES 

G. COMTE 

Observatoire de Marseille 

2 place Le Verrier, 13248 MARSEILLE CEDEX 4, France 

In order to investigate the mass-to-light ratio in irregular Magellanic galaxies, 

a sample of 21Sdm, Sm, Im objects, for which high-resolution velocity fields observ- 

ed in 21 cm line are available in the literature, has been selected. Rotation curves, 

either taken from the authors or reconstructed from the original data and sometimes 

supplemented with other informations published elsewhere, are shown in Fig. 2. The 

homogeneous "de Vaucouleurs" distance scale was adopted. 

I. ONE-COMPONENT DYNAMICAL ANALYSIS 

The galaxies were first assumed to be flat disks in pure circular rotation. The 

density distribution ~, projected onto the equatorial plane, was computed by 

Nordsieck's (1973) method (Fig. 3). The trend of ~ with radius r is found to be very 

generally satisfactorily fitted by an exponential law of shape: 

o(r) = ~(o) e -Br 

The photometric parameters of the disk are known either from surface photometry 

or high-quality multiaperture photoelectric photometry: in this latter case pure 

exponential law is supposed to hold; the effective equivalent radius r ~ which 
e ~ 
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contains half the total luminosity, and 

= 1.68/r$ are computed according to Olson 

and de Vaucouleurs (198!) from the multi- 

aperture data. 

The length scale ~ of the brightness distrib- 

ution of the exponential disk: 

l(r) = I(o) e -~r 
is compared to the dynamical length scale 

in Fig. I. We get in the average I/B = 

2.7 x I/s, thus the "dynamical effective 

radius" which contains half the total mass 

is 2.7 times larger than r* e' or, in other 

words, the mass-to-light ratio apparently 

increases regularly with r, as: 
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log10 (M/L) = (M/L) + yr 
r=o 

II. A SIMPLE TWO-COMPONENT MASS MODEL 

Let us now assume that: all the visible mass is distributed into a flat (c/a = 0.2) 

disk with constant M/L 

- this disk is surrounded by a dark halo, supposed perfectly spherical, whose 

potential accounts for the apparent radial increase of M/L. At distance r from the 

center, V D is the rotation velocity due to the disk, Vob s is the observed rotation 

velocity. The excess of potential over the disk potential felt by a test particle 

at r is entirely due to the halo. MH(r) being the fractional halo mass inside r, 

we get: 

MH(r) 
2 = V 2 z = G - -  

VH obs - VD r 

Differentiating: (Bahcall et al., 1982) 

I + z dr) dMH(r) = ~ (2r V H dV H V H 

Introducing the space density of halo matter: 

dMH(r ) | V~(r) 2r dVH(r) 

PH(r) = ~ = ~-~ ~ (1 + VH(r ) d ~  ) 

V D is computed from the disk rotation law given by Monnet and Simien (1977), with 

(M/L)r= ° as constant disk mass-to-light ratio (since for r =o the contribution of 

the halo to the projected density is null), and with the photometric parameters 

r*e and Ie = I(r:) as input ingredients. To avoid difficulties with the basic hypo- 

thesis, we have restricted the sample to I0 galaxies for which: i) the rotation curve 

is smooth enough, (objects with evidence for strong tidal deformation of the velocity 

field and/or non circular motions, as both Magellanic Clouds, were excluded), and 

ii) the photometry seems precise enough to derive r* with a reasonably accuracy. 
e 

Figure 4 shows the structure of the halos in terms of space density of matter; 

all the density laws are consistent with: 

- PH(r) approximately constant up to a cutoff radius rcH 

_3 +.3 
- a cutoff tail where PH(r) ~ r _.2 

Table I gives, for the I0 objects of the restricted sample, some dynamical parame- 

ters of the disk and the halo, with notes referring to the sources for the HI obser- 

vations and the photometry. 
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(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) 

NGC 45 

NGC 55 

IC 1727 

Ho II 

Ho I 

NGC 4214 

NGC 4236 

NGC 4618 

NGC 4625 

NGC 4656 

SA (s) dm IV-V 1 A 9.32 

SB(s)m : 2,3 B 10.07 

SB (s)m Ill-IV 4 C,E 9.19 

Im IV-V 5,]3 D 9.02 

IAB(s)m V 6 D 8.19 

IAB(s)m Ill-IV 7 E 9.64 

SB(s)dm IV 8,9 E 9.52 

SB(rs)m 10 F 9.63 

SB(rs)m p. I0 F 8.98 

SB(s)mp IV 11,12 G 10.04 

1 

1 

l 

t 

1 

1 13 

2 .26  

l . l O  

.57 

1.42 

91 4.56 39 .I0 1.65 

62: 6.32 39 .03: I: 

61: 4.71 19 .11 1.25 

43 2.92 4.1 .30 .95 

01: 1.24 0.2 1.5 .80 

3.42 8.8 .11 .20 

5.46 30 .20 1.55 

3.20 13 .12 .40 

2.58 8 .05 .40 

6.84 28.5 .15 .35 

Notes: col. (c) gives the reference to HI work: I: Lewis (1972), 2: Robinson, van 
Damme (1966), 3: Seielstadt, Whiteoak (1965), 4: Combes et al. (1980), 

5: Cottrell (1976), 6: Tully et al. (1978), 7: Allsopp (1979), 8: Shostak, 
Rogstad (1973), Huchtmeier (1975), I0: Van Moorsel (]983), II: Weliachew 
et al. (1978), 12: Winter (1975), 13: Huchtmeier et al. (1981). 

col. (d) gives the reference to the photometry: A: Romanishin et al. (1983), 
B: de Vaucouleurs (1961), C: de Vaucouleurs, Longo (1983),D: de Vaucouleurs 
et al. (1981), E: de Vaucouleurs et al. (RC2) (1976), F: Bertola (1967), 
G: Stayton et al. (1983). 

col. (e): log LT,B,= ' col. (f): I/~ in kpc; col. (g): I/B in kpc; col. (h): 

total mass in 109MQ; col. (i) disk/halo mass ratio; col. (j): blue M/L of 

the disk alone, corrected for absorption and inclination. 

III. IMPLICATIONS FOR MASSIVE NEUTRINOS 

Tremaine and Gunn (1979) and Ounn (1981) have given a simple formula to derive the 

lower limit of the particle mass for massive neutrinos forming an isothermal struc- 

ture of core radius a and velocity dispersion <Dr>, when one assumes that the phase 

density must not increase during the formation of the halo: 

m (eV) > ]0].(]00 km s-I/<Av>)1~.(l kpc/a) I12 g_ll~ 

where g is the statistical weight of the particle state. 

Let us assume that a E rCH and that <Av> = (v~7~).v Hmax where v Hmax is the maxi- 

mum of rotation velocity given by the halo, and let us consider the "smallest" 

galaxies in the sample: 

Hol yields m D > 170 eV (for g = l, Dirae neutrinos) or m M > 142 eV (for g = 2, 

'~ajorana" neutrinos). 

Holl, NGC 42]4, NGC 4236 yield respectively m D > 133 eV, 71 eV and 51 eV and 

m M > 112 eV, 60 eV and 43 eV. All these masses seem presently excluded by particle 
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physicists. 

However, some arguments might be stressed: 

i) in the case of H01, which has a maximum rotation velocity of only ~ 25 km s -I , 

a significant fraction of the disk mass may be supported by random motions, and is 

not accessible to the preceding analysis. 

ii) an isothermal nature of the halo implies OH = r -2, which is not observed. 

Releasing this hypothesis (Basdevant, 1984), however leads to very similar results 

for the neutrino masses, due to the fact that an r -2 fit to the curves in Fig. 4 

remains marginally acceptable because of the sensitivity of the method to errors 

(in the velocity at large r as well as in the photometry of the disks). 
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DISCUSSION 

R. Terlevich: I) How the MD/M H of your galaxies compares with the ones measured for 

luminous Sc's ? 

2) is there any trend in MD/M H with other intrinsic properties like 

luminosity or surface density/surface brightness ? 

G. Comte: I) MD/M H is known for large Sc's on a reasonably sizeable sample only from 

Wevers'Thesis (1984, University of Groningen). On ~ 30 galaxies of types Sa through 

Sd he finds MD/M H from 10% to 60% but the mass disk is computed using an M/L ratio 

fitted to the observed mean disk color by means of a Tinsley evolutionary model: 

this seems questionable. Our M D are very low indeed, as well as our disk M/L's: this 

comes out from the extrapolation you need in the rotation curve to use Nordsieck's 

method: in large spiral galaxies, the plateau is quickly reached but in the smallest 

galaxies the maximum rotation velocity is reached only near the optical limit of the 

galaxy (and not far from the HI observable limit). 

2) clear correlations do not appear between MD/M H and luminosity, but the 

sample is statistically very poor. 
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Abstract. N-body models are now a standard tool to improve our under- 

standing of galaxies. Since photometric and kinematic observations of 

a galaxy do not in general very strongly constrain a dynamical model, 

the main use of N-body simulations in this respect is to answer 

qualitative questions about the nature of possible equilibria. This is 

illustrated by presenting a model with strong radial ellipticity 

gradients and one with intrinsic principal axes twists. Another 

important application of N-body methods is in the study of transient 

phenomena. 

i. N-body models and galaxies. 

An N-body simulation begins by specifying initial masses, positions, 

and velocities for a set of N point particles. Newton's equations of 

motion are then integrated to follow the evolution to some quasi- 

steady state; both transient phenomena during the evolution and the 

final state may be compared with galaxy observations. The information 

contained in the simulation at time t is the distribution of mass 

points in phase space; this may be regarded as an approximation to the 

phase space distribution function of a corresponding smooth system. 

Effort is made to suppress collisional relaxation, so that the 

particles in the simulation may represent any form of collisionless 

matter. 

Some important properties required of a realistic N-body simulation of 

a galaxy are that i) it has a high dynamic range, ii) it must often be 
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truly three-dimensional, iii) it should be collision-free over the 

time-scale of interest. One commonly used program is Aarseth's direct 

integrator (Aarseth 1970, Ahmad & Cohen 1973). This calculates the 

force on each particle by summing predicted/corrected contributions 

from all distant particles and direct Newtonian forces from near 

neighbours. The presently feasible number of particles is N ~ i08. To 

suppress collisions, a softening parameter e is introduced; typically 

e = 0.i r H for near-spherical and e = 0.3 r H for disk/halo galaxies, 

where r H is the half-mass radius of the system (e.g. White 1978, 

Gerhard 1981). This then sets the spatial resolution limit except in 

the outer parts where the resolution is limited by small particle 

number. The one-dimensional dynamic range is $2 decades in radius, $6 

decades in density, ~3 decades in orbital time. The small number of 

particles makes it difficult to obtain, for example, reliable runs of 

velocity dispersion with radius. The main application of this code to 

galaxies has been the study of encounters, which is difficult for grid 

simulations. A second type of N-body program uses Fast Fourier Trans- 

forms to obtain the potential and force from the particle densities on 

a cartesian (Miller & Prendergast 1968, Hohl & Hockney 1969) or polar 

grid (Miller 1976). In the latter case, the radial grid may be adjusted 

to follow the build-up of a high central density (van Albada & van 

Gorkom 1977), resulting in high resolution, whereas in the cartesian 

case the spatial resolution is independent of density. In these 

simulations, N ~ l05 and relaxation effects are negligible over time- 

scales of interest (Hohl 1973). In the collapse calculations of yon 

Albada (1982), the one-dimensional dynamic range is ~3 decades in 

radius and ~8 decades in density. A third type of N-body code has been 

introduced by Villumsen (1982). He expands the potential of each 

particle in tesseral harmonics about a density center and thereby finds 

the force without any gridding. The resolution of this method is at 

present limited by particle number (N - 103 ) and a small softening 

parameter, and the dynamic range is -2.5 decades in r and -7 decades in 

p with this N (Villumsen 1982). Again collisions are suppressed in the 

center because of softening and further out because only the lower 

order terms in the expansion are kept. 

Photometric observations of galaxies measure the surface brightness of 

light (IR,UV,...) on the sky. Sometimes such data are available in 

several broad bands, with resolution in optical ground-based photo- 
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metry usually set by seing. Typically a surface brightness profile of 

an elliptical galaxy may span -3 decades in radius (Kormendy 1982). 

While photometric observations provide more information than that 

relevant for dynamical studies (e.g. colours), they unfortunately 

contain much less information than needed to constrain the models. A 

major problem in a comparison with galaxy models is that the mass-to- 

light radio as a function of position in the galaxy is not known. 

Velocity measurements may be used to get some idea about M/L, but the 

problem is underconstrained as discussed below. Usually M/L is assumed 

constant, or to vary only slowly with radius. Apart from the possible 

presence of dark matter, there can be other causes why the measured 

light distribution may not be representative of the mass distribution. 

For example, in IC 3370 the twists in the central isophotes are much 

less pronounced in R than in B, indicating that the origin of twisting 

in this galaxy is dust absorption (Sadler & Gerhard 1984). Most surface 

photometry of twist galaxies solar has been done in a single band, and 

a multi-colour study would clearly be useful to establish which twists 

do in fact indicate triaxiality (Mihalas & Binney 1981) and which do 

not. 

A spherical equilibrium stellar system in the stellar-hydrodynamical 

framework is described by four independent functions (Binney & Mamon 

1982)= luminosity density l(r), mass-to-light ratio A(r), radial and 

tangential velocity dispersions ~r(r), ~e(r). Usually, observations 

determine the luminosity surface density on the sky E(R) and line-of- 

sight velocity dispersion ~v(R) (no rotation is possible in a spheri- 

cal system); these are integrals over l(r), ~r(r), ae(r), and an 

inversion is possible. Since the spherical Jeans' equation provides one 

additional relation, one free function remains. Thus only if e.g. the 

mass-to-light ratio is specified as a function of radius do the 

observations then completely determine a dynamical model. The situation 

is much !ess determined for galaxies without such high symmetry; now 

observations only provide functions of two variables on the sky plane, 

whereas the dynamical quantitites sought are functions of three 

variables. Thus many N-body models may in principle fit one and the 

same set of observational data. The opposite phenomenon arises through 

projection effects: One N-body model will give rise to an infinity of 

sets of observations, depending both on aspect angle and assumed 

mass-to-light ratio. 
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What then can be learnt from N-body models? Firstly, as to equilibrium 

models - to which the previous discussion applies - one may i) get an 

idea about what sort of dynamical configurations are possible, ii) 

recognize, interprete or even understand certain typical features in 

observations of galaxies, iii) find models consistent with a given set 

of observations, and iv) assess the importance of projection effects. 

Secondly, N-body simulations contain information about the time- 

evolution between initial and quasi-final state; this makes possible 

not only an understanding of certain transient phenomena, but also 

(with due caution) inferences as to the nature of the initial condi- 

tions leading to galaxies. A good example of mutual stimulation between 

photometric observations and N-body simulations from my own field of 

interest is the following. Toomre & Toomre (1972) in a study to explain 

"tidal bridges and tails" seen in the beautiful photographs of Arp 

(1966) also suggested that the orbital braking and subsequent merging 

in such strong collisions should lead to "nothing less than the delayed 

formation of some ellipticals", and they identified a list of galaxies 

which might be in the process of merging. Both observational (Schweizer 

1982) and N-body work on the merging of disk galaxies (e.g. Gerhard 

1981, Negroponte & White 1983) has thereafter shown that indeed a 

galaxy like NGC 7252 may be formed in this way. 

2. Twists and Triaxiality 

In the second part of this paper I would like to discuss some of my own 

N-body models that show twisted isophotes when projected onto the sky, 

similar to those observed in many elliptical galaxies. It is well-known 

that velocity anisotropy plays an important role in determining the 

shapes of elliptical galaxies. On theoretical grounds one may then 

argue that ellipticals will in general have triaxial figures (Binney 

1978a,b). It is also known from N-body work that triaxial systems 

relaxed from slowly rotating aspherical initial conditions are quasi- 

stable, i.e. long-lived compared to a dynamical time (Aarseth & Binney 

1978, Wilkinson & James 1982). A system whose density is constant on 

similar triaxial ellipsoids or any axisymmetric system cannot show 

twisting of the projected isophotes on the sky (Stark 1977), but such 

twists arise for triaxial galaxies whose axial ratios vary with radius 
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(e.g. Mihalas & Binney 1981). A number of ellipticals show such 

isophote twists; if these are twists in the projected mass distribution 

this strongly suggests that those galaxies are triaxial. 

Here I first describe a triaxial N-body model with shape like that of a 

non-rotating prolate inner bar, gradually turning into a hot oblate 

outer part. The model was obtained by a merger calculation, and the 

final configuration is stable until the end of the simulation (for 17 

dynamical times). The system has no symmetry axis since the prolate bar 

lies in the equatorial plane of the oblate component, but it still has 

triaxial symmetry. One ellipticity rises slowly from ~c = 0.35 to ~c = 

0.4 as one goes outwards, the other changes strongly with radius from 

~b = 0.35 to ~b = 0. This is a situation in which strong twists in the 

projected isophotes are expected; Fig. 1 (from Gerhard 1983a) shows 

ellipticity profiles and position angles for a number of projections. 

The projection planes are indicated by their intercepts with the 

coordinate axes. (b) is edge-on for the oblate and along the major axis 

for the prolate part, (c) is edge-on/along a minor axis. Upward arrows 

indicate the projected half-mass radii. The general trend is an 

ellipticity ~ = 0.3 in the center, except when the prolate part is 

viewed along its major axis. One conclusion is that the variety of 

ellipticity profiles seen in the projections of one and the same galaxy 

model (rising, falling, minimum, maximum, according to di Tullio 1979, 

Bertola & Galletta 1979) suggests that such an ellipticity profile 

classification may only be of limited use. Notice that some similari- 

ties with observed galaxies exist, e.g. the shape of profile (a) in 

Fig. 1 and NGC 3640, (b) and NGC 2300, (c) and NGC 4365 (Leach 1981), 

although the model does not match any observed profile exactly and the 

model profiles extend considerably further than the observations. 

Fig. 2 (Gerhard 1983b) shows perspective projections of a second N-body 

model at t = 3tcr, t = 9tcr, and t = 15tcr after equilibrium was 

reached. In this model, the particle distribution in each of six con- 

centric shells is characterized by the same ellipticities e c = 0.4, ~b 

= 0.2. However, the overall model is no longer triaxially symmetric; 

the directions of the major axes determined for all particles in each 

of the six shells change outwards in a complex way that is perhaps best 

described by imagining a coordinate system with one axis parallel to 
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and moving along a curved path while the other two rotate slowly about 

this axis. In Figure 2 the large ellipse in each frame represents the 

major plane and has the measured axial ratio when deprojected. The 

small circles correspond to the uncertainties in the directions of the 

respective axes. Details of the determination of the axes directions 

and errors are given in Gerhard (1983a). Thus one sees that this model 

has significant intrinsic principal axis twists as a function of 

radius, and these twists last for the entire time of the simulation 

although some evolution in detail is present. 

In the magnitude of their ellipticity gradients and projected isophote 

twists both these models admittedly resemble the more extreme cases 

among the distribution of elliptical galaxies (Galletta 1980, Leach 

1981). However, they do serve to conclude that both triaxial systems 

with strongly radially varying ellipticities and systems with large 

principal axes twists may dynamically exist for significant astro- 

nomical time-scales. 
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DISCUSSION 

M. CaDaccioli: Although your analysis of the stability of complex 

triaxial or multistructured systems is very important, nontheless I 

believe that one should not stress too much the agreement between 

model calculations and observed isophotal twisting. It is not at all 

true that elliptical galaxies have ellip~i isophotes; therefore 

observed twisting may in some cases reflect just distortions! 

O. Gerhard: My impression was that in several galaxies where twists 

were measured the isophotes are well-described by ellipses (Carter, D., 

1978, MNRAS 182, 797). In deriving ellipticities and position angles 

for the projected N-body systems I have assumed that the mass density 

is constant on ellipses, whereas in the outer parts of the models dis- 

creteness effects make it difficult to decide whether this assumption 

is in fact correct. In this sense one therefore compares like with like 

even for "twist-galaxies" with non-elliptical isophotes. 
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Abstract 

A br ie f  review is presented of the current understanding of galaxy photometry as 

related to cosmology. Attention is paid to the conclusions about spectral 

evolution of galaxies that can be derived from the deepest fa in t  galaxy samples 

current ly avai lable. Some typ ica l  results are discussed. 

Introduction 

Galaxies are the most conspicuous and numerous detectable constituent of the 

universe. Despite the increasing evidence for the existence of large amounts of 

matter in forms that escape detection with conventional astronomical instruments, 

galaxies are still assumed to provide an unbiased tracer of the distribution of 

matter in the universe. 

The study of the space d i s t r i bu t i on  of r e l a t i v e l y  nearby galaxies has already 

shown that the universe contains sheet-like structures where galaxies are 

preferentially found, and large voids where galaxies are scarce. This realization 

has increased considerably the minimum scale in which the universe can be 

considered homogeneous and isotropic. 

Considerable effort and telescope time are being invested in the determination of 

the photometric properties and space (z) d i s t r i bu t ion  of f a in t  galaxy samples. The 

hope is that a sel f  consistent picture w i l l  emerge that w i l l  allow us to answer 

some of these basic questions of observational cosmology : 

- How o l d  and d e n s e  i s  t h e  u n i v e r s e  ?,  

- How o l d  a r e  t h e  g a l a x i e s  we o b s e r v e  n e a r  us ?,  

- A r e  g a l a x i e s  c o e v a l  ? ,  

- How do t h e  o b s e r v e d  p r o p e r t i e s  o f  g a l a x i e s  e v o l v e  i n  t i m e  ? 
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Photometry plays an important role in this approach to cosmology. In the recent 

past it has become possible to obtain multicolor photometry for large samples of 

faint galaxies. Even though in some instances galaxy magnitudes have been derived 

f r om images o b t a i n e d  on CCD f rames  ( D j o r g o v s k i ,  S p i n r a d  and Ha r r  1985} ,  t h e  

p h o t o g r a p h i c  p l a t e  s t i l l  i s  one o f  t h e  most  e f f i c i e n t  means o f  c o l l e c t i n g  l a r g e  

amounts o f  d a t a  (Koo 1981 ; 1985) .  

The p h o t o m e t r i c  d a t a  p e r  se do n o t  c o n t a i n  a p r i o r i  any c l u e  abou t  t h e  s i z e  o f  t h e  

vo lume o f  space t h a t  i s  b e i n g  sampled .  C a r e f u l l y  c o m p i l e d  p h o t o m e t r i c  c a t a l o g u e s ,  

combined w i t h  r e d s h i f t  d e t e r m i n a t i o n s  o f  a l a r g e  number o f  g a l a x i e s  i n  t h e s e  

samp les ,  have r e v e a l e d  a p o s t e r i o r i  t h a t  a t  B = 23 a s i z e a b l e  f r a c t i o n  o f  t h e  

u n i v e r s e  i s  b e i n g  o b s e r v e d .  

From these results it can be appreciated that photometry has a fundamental role to 

play in cosmology. Once the behavior of the photometric properties of galaxies of 

different morphological (or color) classes as a function of redshift has been 

established, it then becomes possible to use pure photometry to probe the 

universe. 

In practice there are several factors that make the situation quite more 

complicated than it would seem otherwise. With present instruments galaxies cannot 

be observed at arbitrarily faint light levels. Thus it is not possible to 

establish the loci in the color-color plane occupied by galaxies inside different 

redshift shells from empirical grounds only. 

One can partially solve this problem by using the observed spectral energy 

distributions of nearby galaxies of different types to predict the photometric 

properties of identical galaxies as a function of redshift. However, this solution 

is not ideal because the evolution in time of the spectra is neglected. It then 

becomes necessary to model the effects of stellar evolution (or any other kind of 

evolution that is thought to be important) on galaxy spectra. 

The data, originally meant to be used to provide information about cosmology, must 

also be used to obtain information about the correctness of our assumptions about 

galaxy evolution. Even though we are far from understanding spectral evolution 

completely, some clues are beginning to emerge that make the problem more 

t r a c t a b l e  t h a n  a few y e a r s  ago ( B r u z u a l  1983 ) .  

Once spectral evolution has been understood, more realistic predictions of the 

photometric properties of distant galaxies become possible, and the original 

p r o b l e m  o£ o b t a i n i n g  c o s m o l o g i c a l  i n f o r m a t i o n  o u t  o f  p h o t o m e t r y  can be a p p r o a c h e d .  
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See Koo (1985)  f o r  an e x c e l l e n t  t r e a t m e n t  o~ t h i s  s u b j e c t .  

Hodels ~or the spectral evolution of galaxies 

The models f o r  the spectral evolution o~ galaxies constructed by the author 

( 8 r u z u a l  1981, 1 9 8 3 a , b , c , d ;  Koo 1985) have been used by s e v e r a l  a u t h o r s  as a g u i d e  

i n  t h e  i n t e r p r e t a t i o n  o f  t h e  p h o t o m e t r i c  d a t a  o f  d i s t a n t  g a l a x i e s .  In  t h e  r e s t  o f  

t h i s  paper  t h e s e  models  w i l l  be used w i t h  t h e  same p u r p o s e .  For  reasons  o~ space 

no d e t a i l s  a re  g i v e n  he re  abou t  t h e  mode ls .  The r e a d e r  shou ld  c o n s u l t  t h e  

r e f e r e n c e s  m e n t i o n e d  above 

Faint galaxy samples 

In a general sense the existing faint galaxy samples can be grouped in three 

different categories according to the criteria under which they have been 

selected, 

Blind deep samples. These are magnitude limited faint galaxy 

samples chosen without any information about the nature of the 

objects included. 

C l u s t e r  g a l a x y  samples .  These samples a re  chosen by s y s t e m a t i c a l l y  

s t u d y i n g  s e v e r a l  g a l a x i e s  b e l o n g i n g  t o  a c l u s t e r .  The membersh ip  o~ 

the galaxies must be established. Cosmological information is 

derived by choosing clusters at dif#erent red shifts, 

P e c u l i a r  q a l a x  V samp les .  These samples c o n t a i n  g a l a x i e s  t h a t  a re  

chosen a c c o r d i n g  t o  a c r i t e r i u m  t h a t  s i n g l e s  them o u t .  For examp le ,  

t h e  o p t i c a l  c o u n t e r p a r t s  o f  3C r a d i o s o u r c e s ,  o r  t h e  f i r s t - r a n k e d  

g a l a x y  i n  a s e t  o f  r i c h  c l u s t e r s  o f  g a l a x i e s .  There  i s  some dange r  

i n  a p p l y i n g  t h e  c o n c l u s i o n s  d e r i v e d  f rom ~ e c u l i a r  o a l a x i e s  t o  t h e  

g e n e r a l  p o p u l a t i o n  o f  g a l a x i e s .  

R e s u l t s  and i n t e r p r e t a t i o n s  

I n  t h e  r e s t  o f  t h i s  paper  t h e  main r e s u l t s  o b t a i n e d  by a u t h o r s  w o r k i n g  w i t h  some 

o f  t h e  d i f f e r e n t  samples m e n t i o n e d  above w i l l  be summar ized .  For r easons  o f  t i m e  

and space,  o n l y  t h e  r e s u l t s  and i n t e r p r e t a t i o n s  o f  t h e  d a t a  based on t h e  models  o f  

t h e  a u t h o r  w i l l  be m e n t i o n e d .  These r e s u l t s  a re  p r e s e n t e d  i n  p i c t o r i a l  and t a b u l a r  

f o rm i n  t h e  i n d i c a t e d  p a p e r s .  The r e a d e r  s h o u l d  c o n s u l t  t h e  o r i g i n a l  pape rs  f o r  

d e t a i l s .  

B l i n d  deep samples 

Kron ,  Koo and N i n d h o r s t  (1985)  and Koo (1985)  have done t h e  most  c a r e f u l  work  w i t h  
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a c o m p l e t e  m a g n i t u d e  l i m i t e d  sample .  From t h e i r  d a t a  and a compa r i son  w i t h  t h e  

a u t h o r ' s  model  t h e  f o l l o w i n g  c o n c l u s i o n s  emerge : 

1} S p e c t r a l  e v o l u t i o n  o f  g a l a x i e s  i s  a s low  p r o c e s s .  A t  l e a s t  t o  z = O.T,  a l a r g e  

f r a c t i o n  o f  g a l a x i e s  i s  c o n s i s t e n t  w i t h  no o r  v e r y  s low  s p e c t r a l  e v o l u t i o n .  The 

o b s e r v e d  c o l o r s  o f  g a l a x i e s  f a l l  i n  t h e  range  e x p e c t e d  f o r  s l o w l y  e v o l v i n g  s t e l l a r  

p o p u l a t i o n s .  

2) To t h e  l i m i t  o f  t h e i r  s a m p l e , e t h e  e a r l y  s t ages  o f  g a l a x y  f o r m a t i o n  have n o t  

been d e t e c t e d .  I f  t h e  o p p o s i t e  were  t h e  case,  an absence o f  red  g a l a x i e s  shou ld  be 

a p p a r e n t  a t  t h e i r  h i g h e s t  z v a l u e s .  Red g a l a x i e s ,  i n s t e a d ,  a re  w e l l  r e p r e s e n t e d  a t  

all z ' s .  

3) Up t o  t h e i r  l i m i t  o f  z = 0 . 7 ,  g a l a x i e s  o f  a l l  c o l o r  c l a s s e s  seem t o  c o e x i s t  a t  

d i f f e r e n t  epochs .  The most  n a t u r a l  i n t e r p r e t a t i o n  o f  t h e i r  c o l o r  v s .  z d i a g r a m s  i n  

t e rms  o f  8 r u z u a l ' s  model  i s  t h a t  t h e  r e d d e s t  g a l a x i e s  a t  any Z w i l l  e v o l v e  i n t o  

g a l a x i e s  s i m i l a r  t o  p r e s e n t  day e l l i p t i c a l  g a l a x i e s .  The b l u e s t  g a l a x i e s  a t  any z 

seem t o  be t h e  p r o g e n i t o r s  o f  p r e s e n t  day s p i r a l  and i r r e g u l a r  g a l a x i e s .  There  i s  

no e v i d e n c e  i n  t h e i r  d a t a  t o  s u p p o r t  t h e  v i e w  t h a t  t h e s e  b l u e  sys tems w i l l  become 

as red  as n e a r b y  e l l i p t i c a l s .  

P e c u l i a r  q a l a x v  samoles 

I t  has been c l a i m e d  by s e v e r a l  a u t h o r s  [ e ; g ;  O j o r g o v s k i ,  S p i n r a d ,  and H a r r  i n  t h i s  

vo lume ; L i l l y  1983) t h a t  t h e y  can d e t e c t  s p e c t r a l  e v o l u t i o n  i n  t h e  3C sou rces  

beyond z o f  1 and up t o  t h e  l i m i t  o f  t h e i r  c u r r e n t  d a t a  (z o f  abou t  Z ) .  T h e i r  d a t a  

show i ndeed  t h a t  t h e  d i s t a n t  g a l a x i e s  a re  m a r k e d l y  b r i g h t e r  i n  t h e  u l t r a v i o l e t  

t han  n e a r b y  e l l i p t i c a l  g a l a x i e s .  However ,  t h e s e  g a l a x i e s  a re  known t o  have a non-  

t h e r m a l  c o n t i n u u m .  B e f o r e  t h e s e  c o l o r s  a re  t a k e n  as e v i d e n c e  o f  s p e c t r a l  e v o l u t i o n  

i t  s h o u l d  be p r o v e d  t h a t  t h e  o b s e r v e d  c o l o r s  r e ~ l e c t  t h e  c o l o r s  o f  t h e  s t e l l a r  

p o p u l a t i o n  and a re  n o t  a f f e c t e d  by t h i s  e m i s s i o n .  

One p o i n t  i n  f a v o r  o f  t h e i r  i n t e r p r e t a t i o n  i s  t h e  f a c t  t h a t  t h e  o b s e r v e d  p o i n t s  

c l u s t e r  r e m a r k a b l y  w e l l  a round  t h e  model  p r e d i c t i o n  f o r  a s o f t l y  e v o l v i n g  s t e l l a r  

p o p u l a t i o n .  I f  t h e  n o n - t h e r m a l  e m i s s i o n  were  d o m i n a n t  e f f e c t  i n  t h e s e  g a l a x i e s ,  

t h e r e  i s  no a p r i o r i  r eason  t o  e x p e c t  t h a t  t h i s  e m i s s i o n  w i l l  e v o l v e  i n  t i m e  as t o  

mimic  t h e  e m i s s i o n  f r om  an e v o l v i n g  s t e l l a r  p o p u l a t i o n ,  and n o t  i n  a more o r  l e s s  

random f a s h i o n .  

Thuan e t  a l .  (1984)  f i n d  t h a t  t h e  s t r o n g  3CR r a d i o  g a l a x i e s  and t h e  o p t i c a l l y  

s e l e c t e d  r a d i o - q u i e t  f i e l d  g a l a x i e s  canno t  be d i s t i n g u i s h e d  by t h e i r  i n f r a r e d  and 

o p t i c a l - i n f r a r e d  c o l o r s .  They c o n c l u d e  t h a t  t h e  c o l o r s  a re  p r o b a b l y  due t o  a 
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s t e l l a r  popu la t i on  and a lso  c la im t h a t  they see in  t h e i r  sample the e f f e c t s  o f  a 

m i l d l y  e v o l v i n g  p o p u l a t i o n .  

Conclusions 

The q u a l i t y  o f  the data on f a i n t  ga laxy  photometry has improved by a l a rge  f a c t o r  

i n  the recen t  pas t .  However. the ques t ions  asked at  the beg inn ing o f  t h i s  paper 

are s t i l l  unanswered. At most, the data p rov ide  some i n f o r m a t i o n  on the re levance  

o f  s p e c t r a l  e v o l u t i o n  f o r  the problems o f  i n t e r e s t .  

Huch more data are needed be fo re  the e f f e c t s  o f  e v o l u t i o n  can be accounted f o r  

p r o p e r l y  and the cosmo log ica l  problem approached in  a safe ground. 

Even though the 3C rad io  g a l a x i e s  seem to  show a d e t e c t a b l e  amount o f  s p e c t r a l  

e v o l u t i o n ,  the s e l e c t i o n  e f f e c t s  and p e c u l i a r i t i e s  o f  t h i s  sample have not  been 

f u l l y  eva lua ted .  Thus i t  seems dangerous to  extend t h i s  r e s u l t  to  the genera l  

p o p u l a t i o n  o f  g a l a x i e s .  

The deep ga laxy  samples have shown c l e a r l y  t h a t  d i f f e r e n t  ga laxy  types c o e x i s t  a t  

a g iven r e d s h i f t ,  and t h a t  e v o l u t i o n ,  i f  i t  occurs ,  i s  much s lower than p r e v i o u s l y  

though t .  The e a r l y  stages o f  ga laxy  e v o l u t i o n  occur long be fo re  the epoch t h a t  i s  

being sampled. 

The particular cosmological model used in the interpretation of the observations 

is of minor importance for the conclusions. The evolutionary effects are much 

greater than the differences introduced by different cosmologies. 
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D i s c u s s i o n  

H. C a p a c c i o l i  : 

IUE o b s e r v a t i o n s  o f  n e a r b y  e l l i p t i c a l s  show a r a t h e r  l a r g e  s c a t t e r  i n  t he  amount 

o f  t h e  UV excess  i n  t h e s e  g a l a x i e s .  J u s t  w i t h  t h e s e  d a t a  and no e v o l u t i o n  we can 

p r e d i c t  : 1} a s i g n i f i c a n t  sp read  o f  c o l o r s  a t  l a r g e  z,  and 2) t h a t  l o c a l  F i r s t  

r a n k e d  e l l i p t i c a l s  i f  seen a t  h i g h  z,  wou ld  appear  as b l u e  bu t  F a i n t e r  t h a n  $b 

g a l a x i e s .  

G. B r u z u a l  : 

I can o n l y  ag ree  w i t h  y o u r  s t a t e m e n t .  However ,  I see no a s t r o p h y s i c a l  r e a s o n  by 

wh ich  you can supp ress  t h e  e f f e c t s  o f  s t e l l a r  e v o l u t i o n  on t h e  r e s u l t i n g  spec t rum 

o f  a g a l a x y .  I t h i n k  t h a t  i n  t h e  scheme t h a t  you a re  p r o p o s i n g ,  you have t o  i n v o k e  

a s t a t i s t i c a l  d i s t r i b u t i o n  o f  t h e  sou rce  o r  sou rces  o f  t h e  UV excess  t h a t  by some 

r e a s o n  does n o t  change o v e r  c o s m o l o g i c a l  t i m e  s c a l e s .  Th i s  i s  an ad hoc 

a s s u m p t i o n ,  w i t h o u t  an a s t r o p h y s i c a l  b a s i s .  In  some o f  S p i n r a d ' s  and Koo, K ron ,  

and W i n d h o r s t ' s  d a t a ,  t h e r e  a re  d i s t a n t  g a l a x i e s  t h a t  a re  b l u e r  t h a n  what  you 

wou ld  p r e d i c t  f r om  n e a r b y  I U E - b r i g h t  e l l i p t i c a l s .  

T. 3 a a k k o l a  : 

a) 3 u s t  i n  a p r e c e d i n g  pape r  L a u r i k a i n e n  and I showed t h a t  some p r e v i o u s  d a t a ,  

i n c l u d i n g  y o u r s ,  can be used t o  show t h a t  e v o l u t i o n  can be i n t e r p r e t e d  s i m p l y  by 

t h e  f a m i l i a r  K - t e r m .  Why a re  o b s e r v e r s  so a n x i o u s  t o  f i t  t h e i r  d a t a  i n t o  

f a s h i o n a b l e  i d e a s  such as cosmic  e v o l u t i o n  ? 

b) I s n ' t  r e d s h i f t  j u s t  t h e  e f f e c t  wh i ch  you need t o  b r i n g  d i s t a n t  b l u e  g a l a x i e s  

i n t o  y o u r  t e l e s c o p e  ( t h a n k s  t o  t h e  K - t e r m ) ?  

6. B r u z u a l  : 

a) I t h i n k  t h a t  you have t o  d i f f e r e n t i a t e  two t h i n g s .  You may n o t  b e l i e v e  i n  an 

e v o l v i n g  u n i v e r s e  and i n v o k e  some s o r t  o f  s t e a d y  s t a t e  cosmo logy .  However ,  and I 

t h i n k  t h a t  a l l  s t e a d y  s t a t e  c o s m o l o g i s t s  ag ree  on t h a t ,  s t e l l a r  e v o l u t i o n  i s  a 

p r o v e n  f a c t  t h a t  t h i s  o r  any t h e o r y  c a n n o t  i g n o r e .  I t h i n k  t h a t  s t e l l a r  e v o l u t i o n  

i s  t h e  mos t  c l e a r  examp le  o f  cosmic  e v o l u t i o n . W h e n  I speak o f  s p e c t r a l  e v o l u t i o n  I 

am o n l y  u s i n g  t h e  r e s u l t s  o f  t h e  t h e o r y  o f  s t e l l a r  s t r u c t u r e  t o  f o l l o w  t h e  e f f e c t s  

o f  s t e l l a r  e v o l u t i o n  on t h e  s p e c t r u m  o f  an e v o l v i n g  s t e l l a r  p o p u l a t i o n .  You may 

d i s l i k e  t h e  e v i d e n c e  t h a t  I showed i n  f a v o r  o f  t h e  d e t e c t i o n  o f  s p e c t r a l  

e v o l u t i o n ,  b u t  I do n o t  t h i n k  t h a t  t h a t  i s  an a rgument  a g a i n s t  cosmic  e v o l u t i o n .  

b) When one does e v o l u t i o n a r y  c a l c u l a t i o n s  and p r e d i c t  t h e  c o l o r s  o f  a d i s t a n t  

g a l a x y ,  t h e  K - t e r m  i s  a u t o m a t i c a l l y  i n c l u d e d  when t h e  s p e c t r u m  i s  s h i f t e d .  The 

e v o l u t i o n a r y - t e r m  i s  s m a l l  f o r  l ow  z ,  b u t  i t  can be l a r g e r  t h a n  t h e  K - t e r m  f o r  

h i g h  enough z .  I do n o t  t h i n k ,  as I s a i d  b e f o r e ,  t h a t  you can e x p l a i n  e v e r y t h i n g  

w i t h  t h e  K - t e r m .  The u n i v e r s e  i s  much more c o m p l i c a t e d  t h a n  t h e  K - t e r m  o r  t h a n  my 

s i m p l e - m i n d e d  e v o l u t i o n a r y  mode l s .  



OBSERVING THE GALAXY EVOLUTION AT HIGH REDSHIFTS 

S. Djorgovski, H. Spinrad, and J. Marr 

Astronomy Department 

University of California 

Berkeley, CA 94720, USA. 

ABSTRACT: Magnitudes and colors for a sample of distant 3CR radio-galaxies, with 

redshifts up to z=1.82, show very dramatic evidence for luminosity and color evolu- 

tion of these objects. Cosmological differences are small compared to the detected 

evolutionary effects. Elongated shapes and very extended (both in space and velo- 

city) [O II] emission lines suggest violent merging activity at the early epochs, 

and possibly mark the beginnings of activity of powerful radio-galaxies. 

During the last few years, we have pursued spectrophotometry of faint 3CR radio- 

galaxies (Spinrad & Djorgovski 1982; 1984a; 1984b; Spinrad, Djorgovski & Marr 1983). 

We have obtained a substantial number of high redshifts, with some 15-20 galaxies 

beyond z=l, and up to z=1.819 (for 3C256). This means that we can now observe gala- 

xies over look-back times of the order of -70% of the age of the Universe, for a 

"sensible" range of Friedman models. One may expect to find prominent evolutionary 

effects at such high redshifts. 

One simple way of addressing this question is through the use of magnitude vs. 

redshift (Hubble) diagrams, as shown in Figure i. The low-z end of the Hubble dia- 

grams is now fairly well determined, primarly through the efforts of Mr. P~lomar 

groups (Gunn & Oke 1975; Sandage et al. 1976; Kristian et al. 1978; Hoessel et al. 

1980; Schneider et al. 1983). Here we make the assumption that, by analogy with the 

relatively nearby cases, the powerful radio-galaxies which we observe at high red- 

shifts are the same kind of objects as the first-ranked cluster galaxies, normally 

used as the "standard candles" for this purpose. Because of such assumptions, vari- 

ous selection effects, aperture and seeing corrections (Djorgovski 1983), etc., the 

Hubble diagrams can be very treacherous -- but they still can be used as a "first 

look" tool. 

Good CCD magnitudes are available for some of the galaxies in our sample, but 

for a majority we had to use the synthesized magnitudes from our spectrophotometry. 

From a variety of internal and external tests and comparisons, we estimate the 

errors to be ~0m.5 . No aperture, seeing, color system, etc., corrections have been 

applied at this time, so that the results presented here are very preliminary. 
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Figure i. The V band Hubble diagram for the brightest cluster members and the 

powerful radio-galaxies. Two Bruzual models are shown for comparison. The "no evo- 

lution" lines were computed by redshifting an old elliptical galaxy spectrum, and 

assuming the particular cosmologies. 

We compare our results with the evolutionary models of Bruzual (1981; 1983; and 

this volume). Simple exponential SFR models with e-folding times of the order of 

1.5 Gyr (Bruzual p=0.5), Salpeter IMF, and constant galaxy mass, fit the data very 

well. This is somewhat surprising, since some mass infall and merging is to be ex- 

pected, and is probably detected (see below). Perhaps we are lucky, and the vaga- 

ries of individual galaxy evolution statistically average into a good approximation 

of an exponential SFR, for the sample as a whole. It is worth noting that the same 

models fit the data in all the bandpasses used in this study (B,V,R vs. z, and B-V, 

V-R vs. z), and are consistent with the similar studies in the infrared (Lilly 1983; 

Rieke 1984). Moreover, most of the observed spectra show a fairly low ionization, 

and allow only a small contribution of a non-thermal continuum. Together with the 

consistency of the fitted models, this is, perhaps, evidence that we are indeed ob- 

serving the light which is mostly of a stellar origin, and that the observed effects 

are reflecting evolution of stellar populations at high redshifts. 
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Figure 2. The (V-R)obs color evolution for the radio-galaxies in our sample. The 

same two Bruzual models as in Figure i are shown for comparison. The "no evolution" 

line was computed by redshifting an old elliptical galaxy spectrum. 

It is remarkable that on the Hubble diagram shown in Figure i, the data are some 

5m-6 m away from the K-corrected "no evolution" curves, in the regime which we are 

now exploring. This is even more pronounced in the B band (but the data are scarce) 

and somewhat less in the R. The evolutionary effects are now very dramatic, a far 

cry from the lower redshift regimes (z < 0.6-0.8), to which most of the previous 

studies were confined, and which yielded no persuasive evidence for the evolution. 

It is also notable that the evolutionary effects (and their uncertain ties!) exceed 

by far the differences introduced by the different cosmologies; in other words, the 

value of qo is not very relevant for such a diagram. This means (rather unambigu- 

ously) that the Hubble diagrams in the visible regime are practically worthless as a 

tool for measuring the qo" This conclusion is certainly less drastic in the infra- 

red, but probably still valid. Perhaps the estimates of evolutionary effects in the 

visible can be used to make the cosmological use of the infrared (%=3~, and beyond) 

Hubble diagrams viable. In any case, as evidenced here, the Hubble diagrams may 
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Figure 3. The contour maps of the radio-galaxy 3C256 (z=1.819), in B (left) and R 

(right). The fields are approximately 19 arcsec square. Strong gaseous velocity 

fields are often associated with the major axes of such elongated distant radio- 

galaxies. 

teach us something about the galaxy evolution. The only cosmological inference 

which we can make from fitting the evolutionary models to our data is that the lon- 

ger cosmological time scale seems prefered, but this is a very tenuous conclusion at 

the moment. 

Because of the possible apparent magnitude selection effects, it may be better 

to examine the color vs. redshift diagrams, as shown in Figure 2. Here we see that 

the data are slightly bluer, but still consistent with the proposed ~=0.5 evoluti- 

onary model. Note also that the data are up to 2 m bluer than the K-corrected "no 

evolution" line. This is completely independent of the assumed cosmology, and pre- 

sents unambiguous evidence for more vigorous star formation, and the presence of 

more early-type stars in the past. 

One has to bear in mind that the giant radio-galaxies are not necessarly evol- 

ving in the same way as the more "normal", lower luminosity or field galaxies. We 

are currently pursuing a search for tentative fainter cluster members around these 

objects. Evidence for a cluster is known in at least one case, 3C324, with z=1.206 

(Spinrad & Djorgovski 1984a), and possibly in some others. Multi-slit spectroscopy 

may yield some definite results in the near future. 
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Imaging of those distant objects yielded one unexpected result: their shapes are 

often very elongated and extended, quite unlike the nearby powerful radio-galaxies 

(Figure 3). The shapes of isophotes are same in all bandpasses used (B,V,R), indi- 

cating that their origin is from the starlight, rather than the extended line emi- 

ssion. However, such objects invariably have extended strong [0 II] 3727 emission, 

covering some tens of kpc, and having velocity field amplitudes exceeding i000 km/s 

in the galaxy rest-frame (Spinrad & Djorgovski 1984a; 1984b). This collisionally 

excited line emission may be due to violent cooling flows at that epoch (Fabian, 

Nulsen & Canizares 1984), but we think that the high-velocity collisions of gas- 

rich neighbors with the giant radio-galaxy provide a more likely cause. In some 

cases (e.g., 3C267, or 3C368) the oxygen line emission and the optical images are 

clearly multimodal. One speculative possibility is that we are witnessing the epoch 

of "turn-on" of the powerful radio-galaxies, which some models predict to occur near 

z~2 (Windhorst 1984). 

A more detailed and more careful discussion of these effects will be presented 

in future papers. This work was supported in part by the NSF grant AST81-16125 to 

H.S., and the University of California Moore Fellowship and the AAS travel grant to 

S.D. This work is largely based on the data obtained at the Kitt Peak National 

Observatory. 
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DISCUSSION: 

B. Rocca-Volmerange : Most of your fits are obtained with Ho=50 km/s/Mpc. Do you 

think that you can obtain any good fit by adopting Ho=I00 km/s/Mpc ? 

S. Djorgovski : Yes, there is some freedom in adjusting the cosmological time-scale 

and the galaxy evolution time-scale, but it may be necessary to do some fine running 

of the parameters. 

R. Terlevich : I would like to be sure that the colours you derive for high red- 

shift galaxies are measuring the colors of the stellar population, and not the co- 

fours of the non-thermal underlying continuum. This aspect is crucial, because you 

are comparing with stellar evolution models. Moreover, there is a colour selection 

effect in that it will be easy to measure redshifts for those objects with stronger 

lines, and therefore bluer (due to a larger contribution of the non-thermal conti- 

nul~n ) . 

S. Djorgovski : We think that the contributions of possible non-thermal continua 

are probably not very important. Namely, the observed spectra are generally of a 

very "soft", low-ionization variety, and require relatively little ionizing conti- 

nuum. We should know more about this when the spectra are analysed in a greater 

detail. It is possible that some individual objects are afflicted. For your second 

comment, I do not think that there is any color preselection in measuring the red- 

shifts. 
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A b s t r a c t  

A shor t  r ev iew  of  q u a n t i t a t i v e  pho tome t r i c  t r a c e r s  of  s t a r  

f o r m a t i o n  and t h e i r  l i m i t s  is g i v e n .  We separa te  d i s t a n c e - d e p e n d e n t  

i n d i c a t o r s  of  c u r r e n t  s ta r  f o r m a t i o n  r a tes  (SFR) from those ( c o l o r s  

and e q u i v a l e n t  w id ths )  which,  d i s t a n c e  i ndependen t ,  y i e l d  access to  

the p r e s e n t / p a s t  SFR r a t i o .  E x t i n c t i o n  and I n i t i a l  Mass Func t ion  (IMF) 

are c o n s i d e r e d .  A compar ison of SFR va lues  from v a r i o u s  sources shows 

agreement at a l o c a l  (per  u n i t  mass) but not g l o b a l  sca le  w h i l e  no 

d i s c r e p a n c y  appears f o r  p r e s e n t / p a s t  SFR r a t i o .  

I n t r o d u c t i o n  

F i r s t  s i g n i f i c a n t  ra tes  of s ta r  f o r m a t i o n  in e x t e r n a l  g a l a x i e s  were 

approached from i n t e g r a t e d  o p t i c a l  broad-band c o l o r s  by compar ison 

w i th  t h e o r e t i c a l  e v o l u t i o n a r y  models ( S e a r l e  e t  a l . ,  1973, 

L a r s o n - T i n s l e y ,  1978, Huchra, 1977).  I f  t h e i r  c o n c l u s i o n s  about 

s t e l l a r  bu rs ts  were most i n t e r e s t i n g ,  more accura te  i n f o r m a t i o n  about 

e n e r g e t i c  and s p a t i a l  d i s t r i b u t i o n  of s ta r  f o r m a t i o n  can be p r e s e n t l y  

ob ta i ned  from fa r -UV,  f a r - I R  (down to r a d i o )  f l u x e s .  

Accord ing  to a now c l a s s i c a l  p a r a m e t r i z a t i o n ,  SFR by mass u n i t  and 

IMF no rma l i zed  to u n i t y  are the two fundamenta l  f u n c t i o n s  to 

d e t e r m i n e .  They can be approached w i th  a r e l a t i v e  accuracy  f o r  

massive s t a r s .  Due to t h e i r  sho r t  l i f e t i m e s ,  s e p a r a t i o n  between the 

two f u n c t i o n s  SFR and IMF is s t i l l  p o s s i b l e .  The i r  d i r e c t  e f f e c t i v e  

UV e m i s s i v i t y ,  counts in HR diaqrams or t h e i r  i n d i r e c t  and no less  

e f f e c t i v e  f a r  IR (or  r a d i o )  f l u x e s  are a p r i o r i  qood i n d i c a t o r s  of 

massive s ta r  f o r m a t i o n .  The problem is more d e l i c a t e  f o r  less massive 

s ta rs  : es t ima tes  of  the SFR i m p l i c a t e  assumpt ions about the IMF 

( c o n t i n u i t y ,  t ime v a r i a t i o n ,  e t c . . . )  and c o n v e r s e l y  the d e t e r m i n a t i o n  

of  the IMF from l u m i n o s i t y  f u n c t i o n s  s t r o n g l y  depends on the 

p r e s e n t / p a s t  SFR r a t i o  (see rev iew  of Lequeux, 1980 and Sca lo ,  1984) .  

In s e c t i o n  1, we propose to sepa ra te  i )  SFR e s t i m a t o r s  ( a b s o l u t e  

dereddened f l u x e s  or s t a r  counts in HR d iagrams)  which are dependent  

on d i s t a n c e  e f f e c t ,  a b s o l u t e  a b s o r p t i o n  c o r r e c t i o n ,  dark mass f a c t o r ,  

e m i t t i n g  s u r f a c e ,  IMF d e t e r m i n a t i o n , . . ,  and i i )  c o l o r s  or e q u i v a l e n t  
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w i d t h s ,  we l l  c o r r e l a t e d  to p r e s e n t / p a s t  SFR r a t i o  (Larson and T i n s l e y ,  

1978, Rocca-Volmerange et a l . ,  1981, K e n n i c u t t ,  1983) ,  which are 

independen t  on d i s t a n c e  and dark mass f r a c t i o n  v a l u e s ,  and f o r  which 

o n l y  d i f f e r e n t i a l  e x t i n c t i o n  i n t e r v e n e s .  

Sec t i on  2 and 3 p resent  some recen t  ideas about deredden inq  and IMF 

and l a s t  s e c t i o n  summarizes p resent  and past SFR es t ima tes  from 

v a r i o u s  sources and consequences about gas consumpt ion t i m e - s c a l e .  

1.1 D i s tance  Dependent SFR e s t i m a t o r s  

1 .1 .1  Far-UV f l u x e s  

From s a t e l l i t e s  D2B ( M a u c h e r a t - J o u b e r t  et a l . ,  1980) or O.A.O. 

(Code and Welch, 1982) ,  i n t e g r a t e d  f l u x e s  in M a q e l l a n i c  Clouds and 

more g e n e r a l l y  i r r e g u l a r  or s p i r a l  g a l a x i e s  (Mochkov i t ch  and 

Rocca-Volmerange,  1984 and r e f e r e n c e s  t h e r e i n ,  Donas and Deharvenq,  

1984) as we l l  as s p e c t r o p h o t o m e t r y  w i t h  I . U . E .  s a t e l l i t e  from HI I  

r eg i ons  and b lue compact g a l a x i e s  ( I s r a ~ l ,  1980 ; Lequeux et a l . ,  

1981, V i a l l e f o n d  & Thuan, 1983) or from v a r i o u s  g a l a c t i c  i n n e r  bu lges 

( B e r t o l a  et a l . ,  1982, E l l i s  et a l . ,  1982, Rocca-Volmerange & 

B a l k o w s k i ,  1984) gave p o s s i b l e  es t ima tes  of SFR f o r  massive s t a r s  

M)2 Me. 

SFRMe y r ,  I =(4~ d 2 fuv°bS" 10 2.5 FuveV) , ~1 ..... 

Mu 
fM~(m) dm 

Mu 
¢(m)fu~m)dm 

fMi  

obs 
. f u v  

d 

Auv 

~(m) 

observed f l u x  in erg s - I  A - I  cm -2 at any fa r -UV wave leng th  

is  the d i s t a n c e  in cm 2 

is  the e x t i n c t i o n .  More d e t a i l s  about i t  w i l l  be g iven  in 

the next  s e c t i o n .  

is  the i n i t i a l  mass f u n c t i o n ,  supposed to be t ime 

i ndependen t .  See a lso next  s e c t i o n .  

is the v i s i b l e  f r a c t i o n  of the s t e l l a r  mass in f o r m a t i o n .  

fuv(m)  g i v e s ,  at any wave leng th  UV, the f l u x  em i t t ed  b v a s t a r  of 

i n i t i a l  mass m. I t  is  one of the most u n c e r t a i n  parameters 

s ince  i t  depends on s t e l l a r  e v o l u t i o n  and atmosphere models.  

Moreover s t e l l a r  mass l o s s ,  m e t a l l i c i t y ,  he l i um abundance  

would have to be taken i n t o  account  in a not we l l  de te rmined 

way. 
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Fev i s  the c o n t r i b u t i o n  of the evo lved  hot s t e l l a r  p o p u l a t i o n  

which cou ld  be not n e g l i g i b l e  in g a l a c t i c  n u c l e i  acco rd ing  to  

the UV excesses observed in e a r l y  type q a l a x i e s  and may be 

reckoned from s y n t h e t i c  p o p u l a t i o n  model.  

Nebu lar  emiss ion  and s t a r l i g h t  r e f l e c t e d  by dust  p a r t i c l e s  can be 

neg lec ted  ( I s r a ~ l  & Koo rnnee f ,  1979) bu t ,  i f  g e n e r a l l y  adopted,  

u n c e r t a i n  is  such a f a i n t n e s s  of the s c a t t e r e d  l i g h t .  C o n t r i b u t i o n  of  

a non - the rma l  emiss ion  cou ld  be p o s s i b l e  in some cases.  

In HI I  r e g i o n s l r e q u i r e d  parameters are about i d e n t i c a l  but : 

Time sca le  is s h o r t e r  because e v o l u t i o n  of massive s t a r s  is  <I07 

yea rs .  

C o n t r i b u t i o n  of evo lved  s t a r s  becomes n e g l i g e a b l e .  

Reddening is s p a t i a l l y  inhomogeneous and v a r i e s  on a ve ry  l a rqe  

range = 2-3 mag. 

High s p a t i a l  r e s o l u t i o n  shou ld  a l l ow  a best i n f o r m a t i o n  on such 

l o c a l  SFR p r o c e s s . T h i s  is  wa i ted  f o r  from Space Te lescope O b s e r v a t o r y .  

1 . 1 . 2  Far i n f r a r e d  (X > 10 pm) f l u x e s  

The f a r  i n f r a r e d  emiss ion  is e s s e n t i a l l y  due to  r e e m i s s i o n  by 

g r a i n s  of  the Lyman con t inuum photons absorbed in UV l i g h t .  

Consequen t l y  i t  is  a good i n d i c a t o r  of s t a r  f o r m a t i o n  r a t e  f o r  

i o n i z i n g  s t a r s  on l y  i f  a va lue  of the c o n v e r s i o n  f a c t o r  f is  q i v e n .  

Acco rd ing  to Boiss~ ~t__al, 1981, the f a c t o r  f depends on a b s o r p t i o n  by 

I )  the i n t e r c l o u d  medium, 2) the own c loud assumed to be o p t i c a l l y  

t h i n ,  3) the dark c l o u d s .  Puget ,  1984 g ives  v a r i a t i o n s  of the 

r e s u l t i n g  f a c t o r  w i t h  s t e l l a r  mass : i t  i n c reases  from 0.15 f o r  1 Me 

s t a r s  to  0.50 f o r  0 and B s t a r s .  Then the p resent  SFR may be 

obs es t ima ted  from the observed ~ IR 

SFRM® yr -1 (4= d 2 #obs ev f ~ ¢ ( m ) d m  
= > I R  - L I R  } , • 1 

I ~  *(m)LTOT.(m)f(m) dm 

As f o r  e s t i m a t e s  from UV, dependence on d i s t a n c e  d and s t e l l a r  

e v o l u t i o n a r y  models (LTOT(m)) s t i l l  e x i s t s  but we note the absence 

of  the e x t i n c t i o n  parameter which is now n e g l i g i b l e .  
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ev 
.LIR The c o n t r i b u t i o n  of evo lved  p o p u l a t i o n  ( e s s e n t i a l l y  o ld red 

g i a n t s )  can reach = 30 % in the g i a n t  complexes.  I t  can be 

es t ima ted  from a s t e l l a r  popu la£ ion  model.  

From such a s y n t h e t i c  model ,  conve rs ion  from t o t a l  to  i n f r a r e d  

l u m i n o s i t i e s  can be reckoned and compared to the inpu t  f f a c t o r  as did 

Gu ide rdon i  & Rocca-Volmerange,  1982 in t h e i r  a n a l y s i s  of the G a l a c t i c  

d i s k .  

Some problems a r i s e  at 10 ~m due to a p o s s i b l e  s t rong  a b s o r p t i o n  

f e a t u r e  of s i l i c a t e s  (Genzel et a l . ,  1982).  Moreover in some cases the 

10 ~m emiss ion  is not r e l a t e d  to s ta r  f o r m a t i o n .  A non- the rma l  process 

is needed to e x p l a i n  emiss ion  l i n e  r a t i o s  (Laurence et a l . ,  1984).  

Radio f l u x e s  are f r e q u e n t l y  used as e s t i m a t o r s  of massive s ta r  

(M>IO Me) in HII r eg ions  (Smith et a l . ,  1978 ; Lequeux e t  a l . ,  1981).  

We should go beyond the f i x e d  l i m i t s  of t h i s  paper t o  deve lop  t h i s  

sub jec t  about which a good rev iew  is g iven by Lequeux, 1980. Let us 

on l y  note t ha t  the main d i f f i c u l t y  is due to the u n c e r t a i n t i e s  about 

the r e s p e c t i v e  thermal  and non- the rma l  r a d i o  f l u x  c o n t r i b u t i o n s .  

Accord ing  to I s r a ~ l  and Van der Hu ls t  1983, G io i a  et a l . ,  1982, the 

t o t a l  r a d i o  f l u x  d e n s i t y  at 6.3 cm ( :5  GHz) is e s s e n t i a l l y  non 

t h e r m a l .  The same is a s c e r t a i n e d  by K e n n i c u t t ,  1983, even at I0 GHz. 

E x c e l l e n t  c o r r e l a t i o n s  appear between r a d i o  cont inuum d e n s i t y  and the 

two i n f r a r e d  (60 ~m and I00 ~m) t o t a l  e m i s s i v i t y  from i r r e g u l a r  or 

s p i r a l  g a l a x i e s  ( K l e i n  et  a l . ,  1984).  Authors conc lude in f a v o r  of  

the f a c t  t h a t  the main sources of r e l a t i v i s t i c  e l e c t r o n s  would be due 

to the s ta r  f o r m a t i o n  process and by means of supernova e x p l o s i o n s .  

This  idea  is not in agreement w i th  the e x p l a n a t i o n  of r a d i o  

non- the rma l  emiss ion  from Sanc is i  and Van der K r u i t  (1981) ,  n e i t h e r  

w i th  an on l y  thermal  r a d i o  em iss ion ,  f r e q u e n t l y  observed in HI I  

r e g i o n s  ( V i a l l e f o n d  et a l . ,  1983).  B e t t e r  i n f o r m a t i o n  about t h a t  w i l l  

be g iven w i th  h igh s p a t i a l  r e s o l u t i o n  map, c o r r e l a t e d  w i th  abso lu te  

pho tomet ry ,  as r e a l i z e d  in t h i s  l a s t  paper.  

1.2 D is tance  independent  SFR e s t i m a t o r s  

Due to u n c e r t a i n t i e s  t i e d  to d i s t a n c e  parameter ,  i t  appears more 

f r u i t f u l  to r e l a t e  t r a c e r s  of p resent  SFR to o the r  i n d i c a t o r s  a lso 

depending on d 2 such as o the r  f l u x e s .  We then o b t a i n  c o l o r s  or 

e q u i v a l e n t  w i d t h s ,  w i tnesses  of p r e s e n t / p a s t  SFR r a t i o .  

An e s t i m a t e  of such a r a t i o  is most use fu l  : 

- For g a l a c t i c  e v o l u t i o n  : assoc ia ted  to a present  SFR v a l u e ,  i t  
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g ives  the past SFR. Mochkov i tch  & Rocca-Volmerange,  1984, showed t h a t  

i n t e g r a t e d  SFR d e t e r m i n a t i o n  is f a i n t l y  depending on r e d d e n i n g .  

- For IMF of low mass s t a r s ,  the d e t e r m i n a t i o n  of  which q e n e r a l l y  

i m p l i e s  a cons tan t  r a t e  f o r  s t a r  f o r m a t i o n  h i s t o r y  ( M i l l e r  & Sca lo ,  

1979) .  F ig .  17 of  Sca lo ,  1984, ev idences  the e f f e c t  of such a r a t i o  on 

the s lope d e t e r m i n a t i o n .  

1.2.1. Colors 

I t  is now well known that a color is a good ind ica tor  of the 

present/past SFR ra t i o  : th is was ve r i f i ed  from synthetic models in 

v i s i b l e  (Larson and Tinsley,  1978) and confirmed in UV l i gh t  

(Rocca-Volmerange et a l . ,  1981) 

The re la t i on  mx-m x, ~present M. Npresent SFR, i f  we assume 

ever formed M. T.past SFR 

that M. is the s t e l l a r  mass, is true i f  the IMF does not vary with 

time. 

I f  distance effects and IMF dependance are ruled out, two important 

problems are s t i l l  present : 

- The dereddening which essen t ia l l y  affects the UV l i gh t  

- The s t e l l a r  evolut ionary tracks and other input s t e l l a r  data 

Another d i f f i c u l t y  is aperture correct ions i f  f luxes are obtained 

by d i f f e ren t  telescopes. 

Are d i f f e ren t  colors equivalent to estimate the present/past SFR 

r a t i o  ? A p r i o r i  most extreme UV and near i n f r a r e d  (1 ~m~X<5 ~m) 

f l u x e s  would have to be best t r a c e r s  of  r e s p e c t i v e l y  young and o ld 

p o p u l a t i o n s .  In most cases,  t h a t  is t r u e .  However sometimes both of  

them have n o t i c e a b l e  d i s a v a n t a g e s  : deredden ing  in UV l i g h t  can be 

ve ry  d i f f i c u l t  to be es t ima ted  due to a patchy s t r u c t u r e .  Otherw ise  

near i n f r a r e d  l i g h t  (K and H wave leng th  bands) can be p a r t l y  due to  

red s u p e r g i a n t s  of i n t e n s e  s t a r  f o r m a t i o n  s i t e s .  In such cases 

w i tnesses  of  o ld  p o p u l a t i o n  become o p t i c a l  f l u x e s  and V-K or B-H 

c o l o r s  are we l l  c o r r e l a t e d  to the g i a n t s / r e d  s u p e r g i a n t s  number 

r a t i o .  This  e f f e c t  e x p l a i n s  the s t rong  i nc rease  of n e a r - i n f r a r e d  f l u x  

(2 .4  ~m) in our G a l a c t i c  d isk  em i t t ed  from the i n t e n s e  s ta r  f o r m a t i o n  

zones (Gu ide rdon i  & Rocca-Vo lmerange,  1982).  At l a s t ,  i t  must be 

n o t i f i e d  t h a t  in o p t i c a l  bands (U,B,V and R) the r e s p e c t i v e  

c o n t r i b u t i o n  of  young and o ld p o p u l a t i o n  d i f f e r s  so much from one band 

to  another  t h a t  the most extreme c o l o r s  U-R or B-R appear to be qood 

e s t i m a t o r s .  
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1 . 2 . 2 .  E q u i v a l e n t  w i d t h s  

E q u i v a l e n t  w id ths  of  i o n i z e d  gas emiss ion  l i n e s  ( K e n n i c u t t ,  1983) 

are a lso good i n d i c a t o r s  of the i o n i z i n g  s t a r s  (M >10 Me); 

EWN~ = ~ (H~) _ : p resen t  S ~  

@ (red con t inuum)  past SFR 

A c o r r e c t i o n  to take i n t o  account  the i o n i z i n g  s t a r / a l l  s t a r  number 

r a t i o  has to be done. As c o l o r s ,  t hey  are s t r o n g l y  dependent on 

de redden ing  and s t e l l a r  e v o l u t i o n a r y  t r a c k s .  A p o s s i b l e  c o n t r i b u t i o n  

of  u n d e r l y i n g  s t e l l a r  Ha a b s o r p t i o n  or IN I I ]  emiss ion  can e x i s t .  

Moreover p h o t o i o n i z a t i o n  models are needed. I t  is  i n t e r e s t i n g  to note 

t h a t  K e n n i c u t t ,  who t r i e d  such e s t i m a t e s ,  found such l a rge  numbers of  

i o n i z i n g  s t a r s  t h a t  he f i n a l l y  c a l c u l a t e d  p h o t o i o n i z a t i o n  

s t a t i s t i c a l l y  by comput ing the u l t r a v i o l e t  l u m i n o s i t i e s .  

I t  is  wo r t hy  to note here the r e l a t i o n  of the Ha e q u i v a l e n t  w id th  

of  a g a l a x y  w i t h  i t s  HI n e u t r a l  gas s u r f a c e  d e n s i t y  ( G u i d e r d o n i  and 

Rocca-Volmerange,  1984) .  Ga laxy  samples from f i e l d  and V i rgo  C l u s t e r  

co r respond to a l a rge  dynamic range f o r  the two v a r i a b l e s .  Such a 

r e l a t i o n  i m p l i e s  the h igh s e n s i t i v i t y  of the p resent  SFR to the 

n e u t r a l  gas abundance, whatever  the m o l e c u l a r  hydrogen component.  More 

d e t a i l s  about t h a t  w i l l  be g iven  in a next  paper.  

2. I n i t i a l  Mass F u n c t i o n  parameter  

Acco rd ing  to  the c l a s s i c a l  p a r a m e t r i s a t i o n  d2N(m, t )=¢(m)  ~ , ( t )  dm 

d t ,  the IMF ¢(m) is  assumed s t a t i o n a r y  in t ime .  Moreover i t  is  a lso 

supposed to be homogeneous in  space. In f a c t ,  i f  we except  ve ry  

massive s t a r s  M>60-I00 Me, IMF appears q u i t e  s i m i l a r  in So la r  

Neighborhood and the M a g e l l a n i c  Clouds ( V a n g i o n i - F l a m  et a l . ,  1981) .  A 

recent paper about co r re la t ion  between radio and 60 ~m or 100 ~m data 

from spira l  galaxies observed by the I.R.A.S. s a t e l l i t e  (Klein et a l . ,  

1984) confirms the idea of an universal I.M.F. in qalact ic  disks. 

The mass l im i t s  are presently f ixed to Mup~100-200 MQ and 

Minf:O.01 Me (Scalo, 1984). The cont r ibut ion of very massive stars 

to ion iz ing f luxes is s u f f i c i e n t l y  high to make evaluations of such 

f luxes very sensi t ive to the upper l i m i t  of IMF. About the slope for 

massive stars, more recent resul ts are from Garmany et a l . ,  1982 with 

a Salpeter index varying from -1.36 to -1.65. For less massive stars, 

Scalo 1984 presents current resul ts with a dispersion due to various 

present/past SFR ra t i o  values. 
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But, to summarize, a l l  these results concern : 

• only massive or intermediate stars M>2 Ms 

• a disk s t e l l a r  population 

• a normal (or l i g h t l y  de f i c ien t )  m e t a l l i c i t y  

a present estimate of IMF 

and very l i t t l e  is known otherwise. 

3. Ext inct ion correct ion 

This correct ion is crucia l  in assessing the i n t r i n s i c  photometry 

propert ies• I t  requires the estimates of two parameters : the in ternal  

color excess Ei(B-V) and the ex t inc t ion  at any wavelength r e l a t i v e  

to v i s i b l e  : Ax-A v. We only consider here questions ar is ing from 

in terna l  ex t inc t ion •  

3.1. In ternal  color excess 

I t  strongly depends on the un i formi ty  of the dust layers. Several 

approaches were proposed : the " c o s e c l b l "  models (de Vaucou leu rs  e_}.t 

a l . ,  1983) a v a i l a b l e  i f  the pa t ch i ness  of the i n t e r s t e l l a r  dus t  is  not 

too s e r i o u s  and the method depending on the gas d e n s i t y  N(HI + H I I )  

wh ich assumes t h a t  the  g a s / d u s t  r a t i o  is  c o n s t a n t  in the q a l a x y .  We 

r e c e n t l y  showed t h a t  t h i s  r a t i o  v a r i e s  w i t h  m e t a l l i c i t y  by compar inq 

our Ga laxy  to the m e t a l - d e f i c i e n t  Small M a g e l l a n i c  Cloud (Lequeux et 

a l . ,  1984)•  Moreover ,  acco rd ing  to the i m p o r t a n t  abundance q r a d i e n t  

observed in  our Ga laxy  (Shaver  et  a l . ,  1983) the Nqas/EB_ V r a t i o  

would a lso va ry  w i t h  the g a l a c t i c  r a d i u s •  

3.2 Relat ive ex t inc t ion  

Ext inct ion in UV or IR l i gh t  r e l a t i v e  to v i s i b l e  are deduced from 

an ex t inc t ion  law (Ax/EB_V), prel iminary established from the pair 

method• However, for some cases in far-UV l i g h t ,  such a dereddeninq 

estimate appears to be la rge ly  i n s u f f i c i e n t  : several of the stars 

observed in 30 Doradus by the I.U.E. s a t e l l i t e  are systemat ical ly  much 

redder, i f  compared to the rest of the nebula (F i t zpa t r i ck  & Savage, 

1983). In our analysis of sp i ra ls  from O.A.O. S a t e l l i t e  (Code & Welch, 

1982), the observed galaxies are much redder that waited for from 

synthetic models though agreement in opt ica l  l i gh t  is exce l lent •  

(Mochkovitch & Rocca-Volmerange , 1984). Var iat ions of the ex t inc t ion  

law with m e t a l l i c i t y  (Prevot et a l . ,  1984 and reference therein)  or 

anomalies of the main  features detected in several points of our 
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SN 

(1) 

Galaxy 

SN 
5 kpc r ing 

SN 

Galaxy 
SMC 
LMC 
Mean value on 11 

late type galaxies 

SN 

SN 

5 kpc r ing 

SMC 
LMC 

M33 

170 spiral 
galaxies 

40 irregular and 
spiral galaxies 

(2) 

$Mo kpc 
yr '1 
(10 -3 ) 

5 
12 

317 

885 
1135 

23±20 

3.2 

10 

5.2 

(3) 

_2 ~Me Gyr -1 

per mass un i t  
(i0 -2 ) 

, i 

3.5 
2.6 

2.7 
4 

4 

2.4 + 1.5 

8 

2.3 

2.5 

3 
6 

7 

(4) 

~M® yr - I  
per galaxy 
(Ho=lO0 km 

s -1 Mpc -1 ) 

3.5 
0.08 
0.40 

0.04 
0.40 

(5) 

Source 

yon Hoerner 
1975 

Smith et ai.1978 
Mezger 1979 
radio 

M i l l e r  & Scalo 
1979 

I s raE l  1980 
rad io  

Tinsley 1980 
(B,V,R) 

Rocca-Volmerange 
et a l . ,  1981 
(UV÷R band) and 
Guiderdoni & 
Rocca-Volmerange 
1982(IR, Radio) 

Berkhuijsen,1982 

5 Kennicutt,1983 

I . 

(Ha) 

IDonas & 
I 0.3/0.8 IDeharveng 1984 

I ( u v )  

Table 1. Comparative estimates of SFR (~) in our Galaxy (SN = Solar 
Neighborhood, 5 kpc ring = 5 kpc galactocentric distance zone), 
Magellanic Clouds (SMC and LMC), and other late-type galaxies. 
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Galaxy (Massa et a l . ,  1982) cannot explain such a larqe reddening 

discrepancy. 

Then a common in te rp re ta t i on  is proposed : massive hot stars 

assumed to be born in dusty i n t e r s t e l l a r  medium and possibly s t i l l  

embedded in molecular clouds are more reddened than the other stars. 

This e f fect  is stronger in UV l i g h t .  As a numerical exemple, we can 

deredden spi ra l  galaxies by assigning a complementary color excess 

AEB_ V varying with the s t e l l a r  mass. A consequence of such an 

analysis is that the mean color excess of a s t e l l a r  population w i l l  

depend on the massive star sub-population and that could strongly 

af fect  i r regu la r  or blue Compact galaxies (Mochkovitch & 

Rocca-Volmerange, 1984) 

4 Comparat ive  r e s u l t s  

An a n a l y s i s  of the SFR es t ima tes  from v a r i o u s  sources (UV, f a r - I R ,  

Ha, r a d i o ,  e t c . . )  w i l l  a l l ow  to v e r i f y  i f  any c o n s i s t e n c y  e x i s t s .  We 

summarize in the f o l l o w i n g  t a b l e  : SFR per u n i t  su r face  area (column 

2 ) ,  SFR per mass u n i t  ( c o l .  3) and SFR i n t e g r a t e d  on the whole q a l a x v  

( c o l .  4 ) .  The most s t r i k i n g  f e a t u r e s  are : 

- the Star  Format ion  Rate per u n i t  mass Ss about cons tan t  in a 

g a l a c t i c  d i s k .  

- the mean va lue  c a l c u l a t e d  from Our G a l a c t i c  Disk ( s o l a r  

ne ighbourhood and 5 kpc g a l a c t o c e n t r i c  r i n g )  and 11 l a t e  type g a l a x i e s  

is : ~* = 3 10 -2 Me Gyr - I  per mass u n i t  

Th is  r e s u l t  was a l r e a d y  ob ta i ned  from our p rev ious  a n a l y s i s  

(Gu ide rdon i  & Rocca-Volmerange,  1982) of the G a l a c t i c  5 kpc r i n g  

compared to  the s o l a r  ne ighbourhood f o r  f a r - i n f r a r e d  e m i s s i v i t y .  A 

b e t t e r  s t a t i s t i c s  is p r e s e n t l y  o b t a i n e d .  

What is the meaning of such an apparent  u n i f o r m i t y  ? SFR per u n i t  

mass can be r e l a t e d  to SFR per gas mass u n i t  by using the qas mass 

d e n s i t y .  An e s t i m a t e  of the gas mass d e n s i t y  in our G a l a c t i c  d isk  may 

be deduced from the s t r u c t u r e  model of  Smith et a l . ,  1978 : O g a s =  

Mgas/MTO T : 5 10 -2 from 4 to  11 kpc q a l a c t o c e n t r i c  d i s t a n c e .  

V a n g i o n i - F l a m  et a l . ,  1980 g i ve  ~gas = 0.13 and 0.46 r e s p e c t i v e l y  

f o r  SMC and LMC and Donas & Deharveng (1984) q i ve  

<Mgas/Mindicative> : 0.05 c a l c u l a t e d  on 35 s p i r a l  q a l a x i e s .  

A p r e l i m i n a r y  d e d u c t i o n  of  such r e s u l t s  would be t h a t  the 

u n i f o r m i t y  o f  the SFR per u n i t  mass might  be assoc ia ted  to  the 

u n i f o r m i t y  of  the Mgas/MTO T r a t i o  in l a t e - t y p e  and s p i r a l  q a l a x i e s  
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to conclude tha t  SFR is wel l  co r re la ted  to gas mass u n i t .  This 

conclusion would need more work to be i n t e r p r e t a t e d  in terms of s ta r  

format ion process. 

About p resent /pas t  SFR r a t i o ,  est imates from UV l i g h t  

(Rocca-Volmerange et a l . ,  1981) in the Magel lan ic  Clouds, from EW(Hc) 

(Kenn icu t t ,  1983) in s p i r a l  ga laxy sample are about concordant. This 

r a t i o  is about equal to u n i t y  : t h i s  means tha t  the s tar  format ion 

ra te  was constant in t ime.  According to our recent paper about s p i r a l  

ga lax ies  observed from the O.A.O. S a t e l l i t e  in fa r  UV l i g h t  (Code & 

Welch, 1982), t h i s  r a t i o  could decrease with more evolved s p i r a l s  in 

which the bulge component becomes more impor tant .  So we conclude tha t  

a constant r a t i o  is roughly  a v a i l a b l e  for  a disk popu la t ion .  

Last but not leas t  problem is the time scale gas consumption. With 

such est imates of SFR, t h i s  t ime is about 4 to 5 Gyr! D i f f e r e n t  

so lu t i ons  were proposed by Larson et a i . , 1978 ,  Kenn icu t t ,  1983 but 

none appears as ev iden t .  

Next study w i l l  be to c o r r e l a t e  s t a t i s t i c a l  r e s u l t s  on SFR by un i t  

mass, gas dens i t y  and the mystery of the gas consuming time scale as a 

func t ion  of the morphologic type of ga lax i es .  
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D iscuss ion  

F. I s r a ~ l  This is j u s t  a comment. I t  is very  u n f o r t u n a t e  t h a t  we 

r e a l l y  do not have a r e l i a b l e  sample of  UV f l u x e s  of  e x t e r n a l  

g a l a x i e s .  IUE has too smal l  an a p e r t u r e  to  be ve ry  u s e f u l ,  ANS 

produced an e x t r e m e l y  he te rogeneous  set of  o b s e r v a t i o n s  t h a t  is 

d i f f i c u l t  to use s t a t i s t i c a l l y  and worst  of  a l l  perhaps,  OA02 had 

f i l t e r s  w i th  sometimes a p p r e c i a b l e  red l eaks ,  so t h a t  one has to app ly  

c o l o u r  dependent c o r r e c t i o n s  which is e x t r e m e l y  u n f o r t u n a t e  f o r  

a p p l i c a t i o n s  as the ones j u s t  d i scussed .  

B. Rocca-Volmerange I q u i t e  agree w i th  you about the poorness of the 

i n t e g r a t e d  UV p h o t o m e t r i c  da ta .  We a c t u a l l y  need l a r g e  f i e l d  

o b s e r v a t i o n s  such as from b a l l o o n s  (SCAP 2000, M a r s e i l l e )  or from a 

f u t u r e  UV Schmidt Te lescope .  But p r e s e n t l y  f o r  lack of  b e t t e r  da ta ,  we 

can take  i n t o  account p o s s i b l e  red leaks of  UV f i l t e r s  by 

s i m u l t a n e o u s l y  a n a l y z i n g  con t i nuous  UV to red e n e r g e t i c  spec t ra  

th rough the f i l t e r  t r a n s m i s s i o n  p r o f i l e s .  

T. Jaakko la  I want to emphasize once more t h a t  one observe at l a r q e  

Z as the b r i g h t e s t  o b j e c t s  a u t o m a t i c a l l y ,  a lmost by d e f i n i t i o n ,  b lue 

g a l a x i e s  and not red as c lose  to us and t h i s  is due to  the r e d s h i f t  

i t s e l f  (K- te rm)  and not due to  the e v o l u t i o n .  I d o n ' t  remember but I 

expect  t h a t  t he  K - c o r r e c t i o n  at Z = 1.5 is f o r  b lue  s p i r a l s  of the 

o rder  of 2 mag s m a l l e r  than t h a t  f o r  red e l l i p t i c a l s  two maq is a 

f i g u r e  po in ted  out by D jo rgovsk i  who l a b e l l e d  i t  as e v o l u t i o n .  

B. Rocca-Volmerange The problem of  i s o l a t i n g  e v o l u t i o n a r y  e f f e c t s  

from r e d s h i f t  e f f e c t s  is s t i l l  open and i t  is somewhat premature to be 

a f f i r m a t i v e  in t h i s  domain. 



EVOLUTION OF SPIRAL GALAXIES IN A CLUSTER ENVIRONMENT 
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A b s t r a c t  

The HI d e f i c i e n c y  and the i n t e g r a t e d  c o l o r s  of s p i r a l  g a l a x i e s  in 

the V i rgo  C l u s t e r  are s t u d i e d  by means of a model of  p h o t o m e t r i c  

e v o l u t i o n .  

I .  I n t r o d u c t i o n  

The s p i r a l  g a l a x i e s  in the V i rgo  C l u s t e r  ( h e r e a f t e r  VC), as we l l  as 

in  o the r  nearby c l u s t e r s  (Coma, A 1367, A 262, A 2147) ,  seem to 

e x h i b i t  a very  poor HI c o n t e n t  w i t h  r espec t  to " f i e l d "  c o u n t e r p a r t s  o f  

the same m o r p h o l o g i c a l  t ype  and l u m i n o s i t y  or o p t i c a l  su r f ace  (Dav ies  

and Lewis ,  1973, S u l l i v a n  and Johnson,  1978, G i o v a n e l l i  et a l . ,  1981, 

1982) .  Desp i te  the f a c t  t h a t  t h i s  HI d e f i c i e n c y  is s t i l l  c o n t r o v e r t e d  

(Bothun et a l . ,  1982, T u l l y  and Shaya, 1984) ,  v a r i o u s  dynamica l  

mechanisms have been invoked : c o l l i s i o n  between d i sks  ( S p i t z e r  and 

Baade, 1951) ,  r am-p ressu re  s t r i p p i n g  (Gunn and G o t t ,  1972) and 

e v a p o r a t i o n  (Cowie and S o n g a i l a ,  1977) in the hot i n t e r g a l a c t i c  medium 

( IGM) ,  or t i d a l  d i s r u p t i o n  of an extended gaseous ha lo t h a t  might  be 

the r e s e r v o i r  f o r  s t a r  f o r m a t i o n  in the d i sk  (Larson et a l . ,  1980) .  

Such a d e f i c i e n c y  must o b v i o u s l y  h a v e  some i n f l u e n c e  on the  

i n t e g r a t e d  c o l o r s  of  the g a l a x y .  As i t  is  expec ted ,  the average 

(B-V)T ° c o l o r  is  s l i g h t l y  redder  f o r  s p i r a l s  in  the VC than f o r  

" f i e l d "  c o u n t e r p a r t s  (Holmberg,  1958, K e n n i c u t t ,  1983) .  N e v e r t h e l e s s ,  

problems of i n t e r n a l  e x t i n c t i o n  and u n c e r t a i n t i e s  about the g a l a c t i c  

a b s o r p t i o n  towards the North G a l a c t i c  Pole ( the  cen te r  of the VC is  at 

b = 75 ° ) have f o r b i d d e n  any p r e c i s e  i n t e r p r e t a t i o n .  The p u b l i c a t i o n  of 

a c a t a l o g  of  g a l a c t i c  a b s o r p t i o n s  by B u r s t e i n  and H e i l e s ,  1984, 

p a r t l y  improved the s i t u a t i o n .  

I I .  An a n a l y s i s  of  the  p r o p e r t i e s  of  VC s p i r a l s  

We have ana lyzed the c o r r e l a t i o n  between gas c o n t e n t  and c o l o r  

p r o p e r t i e s  of  107 s p i r a l  g a l a x i e s  in the VC, from a c o m p i l a t i o n  of HI 

da ta  and Ha, UBV and Z2421 A pho tomet ry  ( G u i d e r d o n i  and Rocca-Volme- 
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- r a n g e ,  1984,paper  I ) .  Most HI d e f i c i e n t  ob j ec t s  are l oca ted  in V i rgo  

I ,  the VC core (average d e f i c i e n c y  of a f a c t o r  2 . 3 ) ,  in a s s o c i a t i o n  

w i t h  the IGM around M87-M86 and M4g shown by the X - ray  map from Jones 

and Forman, 1984. E a r l y - t y p e  s p i r a l s  are more f r e q u e n t l y  HI d e f i c i e n t  

than l a t e - t y p e  ones. T h e i r  Ha e q u i v a l e n t  w i d t h s ,  which c h a r a c t e r i z e  

the f o r m a t i o n  r a t e  of  massive s t a r s ,  are c o n s i s t e n t  w i t h  t h e i r  HI 

c o n t e n t .  The most d e f i c i e n t  e a r l y - t y p e  s p i r a l s  e x h i b i t  the anemic 

appearance desc r i bed  by Van den Bergh,  1976. The VC s p i r a l s  have 

redder  average c o l o r s  <~ (B -V )T°> :O .05  and <~(U-B) ~ >=0.07 which 

r o u g h l y  c o r r e l a t e  w i t h  the amount of  d e f i c i e n c y .  Far-UV c o l o r  

(m2421-B) ° ve ry  w e l l  c o r r e l a t e s  w i t h  the d e f i c i e n c y ,  but we lack a 

r e f e r e n c e  sample f o r  any q u a n t i t a t i v e  compar ison .  

Such p h o t o m e t r i c  p r o p e r t i e s  of member s p i r a l s  do not seem to be 

ve ry  common in most o the r  c l u s t e r s  (Bothun et  a l . ,  1982, 1984, 

K e n n i c u t t  et a l . ,  1984) .  N e v e r t h e l e s s ,  severe s e l e c t i o n  e f f e c t s ,  

e s p e c i a l l y  i n c l u d i n g  the d i f f i c u l t y  of a p r e c i s e  m o r p h o l o g i c a l  

c l a s s i f i c a t i o n  of  e a r l y - t y p e  d i sk  g a l a x i e s  which leads these au tho rs  

to an a p r i o r i  r e j e c t i o n  of  S O - l i k e  systems,  make us b e l i e v e  t h a t  the 

problem c e r t a i n l y  needs f u r t h e r  e x a m i n a t i o n .  

I I I .  Pho tome t r i c  e v o l u t i o n  of  VC s p i r a l s  

We have t es ted  the s c e n a r i o  of a t o t a l  gas removal f o l l o w e d  by gas 

r e p l e n i s h m e n t  from s t e l l a r  r e j e c t i o n s .  The i n f l u e n c e  on the c o l o r  

e v o l u t i o n  of  a t y p i c a l  Sb g a l a x y  has been c a l c u l a t e d  by means of a 

model of  p h o t o m e t r i c  e v o l u t i o n  ( G u i d e r d o n i  and Rocca-Volmerange,  in 

p r e p a r a t i o n ,  paper I I ) .  F ig .  I and 2 r e s p e c t i v e l y  d i s p l a y  some 

p r e l i m i n a r y  r e s u l t s  in  the log ~H versus  ( B - V ) ~  and (m2421-B) ° 

d iagrams f o r  VC s p i r a l s .  ~H is the HI mass d i v i d e d  by the o p t i c a l  

s u r f a c e  of the d i s k .  Very HI d e f i c i e n t  and m i l d l y  d e f i c i e n t  o b j e c t s  

are denoted by dots  and smal l  open c i r c l e s ,  normal o b j e c t s  by l a rge  

open c i r c l e s  and HI overabundan t  o b j e c t s  by l a rge  open c i r c l e s  w i t h  a 

c ross .  U n d e r l i n e d  symbols denote upper va lues  of  log ~H" The s t a r  

shows the l o c a t i o n  of a 12 Gyr o ld  model Sb g a l a x y  in  the 

log ~ g a s - e x t i n c t i o n - f r e e  B-V and m2421-B d iagrams.  Model and obser -  

v a t i o n s  can be compared a f t e r  s h i f t s  of the model p o i n t s ,  a c c o u n t i n g  

f o r  f ace -on  i n t e r n a l  e x t i n c t i o n  ( r e a s o n a b l e  es t ima tes  from paper I I  

are E i (B -V)=O.06  and E i (m2421-B)=0 .40 )  and He, H2 components 

(Y:O.30 and MH2/ MH=I) ,  which are r e s p e c t i v e l y  denoted by 

h o r i z o n t a l  and v e r t i c a l  a r rows .  Smal le r  s h i f t s  are p r o b a b l y  more 

s u i t a b l e  to gas poor g a l a x i e s .  The c o l o r s  a f t e r  complete gas removal 
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at age >t l  are denoted by short arrows. The dashed curve is the locus 

of the 12 Gyr old model Sb galaxy after complete str ipping during 0.5 

Gyr (crossing time of the inner degrees of Virgo I) at age t1(wr i t ten  

beside the t i cks ) .  The cross shows the effect of two complete 

str ippings during i Gyr, at ages ti=7 Gyr and ti=9 Gyr. 

A complete gas removal (or several short str ippings) from age ti<5 

Gyr would lead to too red colors. Moreover, the surface brightness 

would be much too low, as in the case of a single early str ipping (At 

t l=2 Gyr, half the mass of the disk disappears). I t  is c lear ly  ruled 
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out fo r  our sample of b r i g h t  VC s p i r a l s .  On the c o n t r a r y ,  the 

p r o p e r t i e s  of the most d e f i c i e n t  ga lax ies  are cons i s ten t  wi th  one or 

two recent  s t r i p p i n g s  ( t l ) 7  Gyr).  Dynamical models (R ivo lo  and Yah i l ,  

1983, T u l l y  and Shaya, 1984) suggest tha t  most VC s p i r a l s  have 

r e c e n t l y  entered the VC core,  a f t e r  i n f a l l  from the outer  reg ions .  

F i n a l l y ,  i t  is seen t h a t ,  in such a dynamical scenar io ,  recent  

s t r i p p i n g s  (or a s ing le  s t r i p p i n g  wi th the shor t  t ime scale associated 

with the cross ing of the core) cannot have formed a present SO from a 

Sb. Very ea r l y  t o t a l  gas removal would lead to a d isk galaxy wi th 

present  bu lge /d i sk  r a t i o ,  gas content  and co lo rs  of a SO 

(<(B-V)T°>=O.87 and <m2421-B)°>=2.95 in the VC), but wi th low 

sur face b r igh tness  of the d isk and low t o t a l  l um inos i t y  in the 

B-band. At leas t  b r i g h t  SO's can d i f f i c u l t l y  o r i g i n a t e  from gas 

s t r i p p i n g  of a t y p i c a l  sp i r a l  (see also Sandage, 1983). 
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GALAXY PHOTOMETRY AT FAINT LIGHT LEVELS - INTERACTION WITH THE 

ENVIRONMENT 

D. Carter, 

Mount Stromlo and Siding Spring Observatories, 

Private Bag, Woden, A.C.T. 2606, AUSTRALIA. 

I - Introduction 

Galaxies interact with their environment in many ways, and many of these inte- 

ractions produce features and effects at low surface brightnesses which can be diag- 

nostics for those interactions. Techniques for detecting and measuring the brightness 

of faint features are discussed elsewhere in this volume, and recent advances in 

photographic, electronographic and CCD technology have made such measurements much 

more precise. 

i 
When galaxies interact with each other they produce features such as tidal 

tails, loops, shells, ripples and dust lanes, and photometric investigation of all 

of these features is important. More subtle effects such as tidal distension of 

envelopes also occur. Galaxies also interact with the intergalactic or interstellar 

medium, X-ray evidence suggests that particularly in galaxies in the centres of rich 

clusters, but also in a number of isolated elliptical galaxies, hot gas is cooling 

and being accreted by the galaxies, the form that this material eventually takes is 

still not determined. Photometric and spectroscopic investigations of galaxies with 

cooling accretion flows are very important. 

II - Interactions of two disc galaxies ' 

Numerical models of the interaction of pairs of disc galaxies (Toomre and 

Toomre 1972; Toomre 1974; White 1979; Quinn 1982) show that a bound interacting 

pair will merge quite rapidly, and give rise to a merger remnant which looks someth- 

ing like an elliptical galaxy. Schweizer (1982) looked for photometric evidence of 

this process in the disturbed system NGC 7252. He found that while the gas kinematics 

show two velocity systems, indicating a recent merger, the azimuthally averaged 

radial light profile is of the EXP{r ~} form (deVaucouleurs 1959) characteristic of 

many elliptical galaxies. This suggests that violent relaxation in the stellar 

component of a merging system operates on a shorter timescale than dissipation in 

the gaseous component. 

III- Interactions between disc and elliptical galaxies 

A very comprehensive study of the giant elliptical galaxy NGC 1316 was made by 
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Figure 1 - The shell s[stem of the elliptical galaxy NGC 2865 after subtraction 
of an EXP{r ~ } law model for the surface brighntess distribution of the 
galaxy. North is at the top and East to the right, the image is approx- 
imately 4.4 x 7.0 arcmin in size. The passband is approximately V. 
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Schweizer(1980). Schweizer assembled evidence tHa£~GC 1316 has accreted one or more 

gas rich companion galaxies in the past 2x109 years. He identified an inclined disc 

of gas in the inner regions, and gas from an infalling companion is probaSly respon- 

sible for fuelling the radio outburst (NGC 1316 is identified with the radio source 

Fornax A). The photometric profile of the envelope resembles that of a D type galaxy, 

but superimposed on this there are a number of "ripples", which Schweizer interprets 

as the remnant of the stellar component of the companion. 

Similar features in the envelopes of a number of normal elliptical galaxies 

were noted by Malin and Carter (1980, 1983) who interpreted them as shells seen in 

projection. These features have been explained variously as remnants of encounters 

between low mass disc galaxies and more massive ellipticals (Quinn 1984; Dupraz and 

Combes 1984) or as stars formed in shock or blast waves in an outflowing interstellar 

medium (Fabian et. al. 1980; Williams and Christiansen 1984). As the features are 

very faint quantitative measurements are difficult, efforts have been confined to 

attempts to measure broadband colours in order to determine what the shells consist 

of. Carter, Allen and Malin (1982) measured optical and infrared eolours of a shell 

near the normal elliptical galaxy NGC 1344, and found it to be somewhat bluer than 

the main body of the elliptical. They interpreted this result as supporting the 

collision models for the origin of the shells, but as the initial mass function of 

the stars formed in the blast wave models is unknown this conclusion is tentative. 

Recent CCD optical photometry in four passbands by Fort et. al. (1985), who measure 

the colours of the shells around three galaxies after subtraction of an EXP{r ~} 

law model from their images, shows that the colours of the shells are bluer in those 

shell systems whose morphology suggests a younger dynamical age. Again this evidence 

that the dynamical ages correlate well with the ages of the stars in the shell 

systems supports the dynamical models for their origin. 

IV - Tidal distension of the envelopes of galaxies 

Kormendy (1977), fitting deVaucouleurs (1959) EXP{r ~} empirical fitting 

function to the surface brightness distribution of a number of elliptical galaxies 

observed by King (1978) noted that those galaxies with close massive neighbours tend 

to have envelopes which are more distended than this empirical law would predict. 

Moreover he found the same result was obtained if he used instead the empirical 

fitting function of Hubble (1930) or the models of King (1966). He interpreted this 

result as evidence for tidal distension of the envelopes of the galaxies by the 

massive neighbonrs. 

V - cD galaxies 

Clusters of galaxies often contain one or occasionally more very luminous 

galaxies at their dynamical centres. These galaxies are termed cD galaxies (Matthews, 

Morgan and Schmidt 1964). The origin of cD galaxies is a controversial subject, it 

has been suggested that a large part of the envelopes of such galaxies form from 
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debris from tidal encounters in the outer parts of the cluster (Richstone 1976) or 

from cannibalism of entire galaxies by the cD (Hausman and Ostriker 1978; McGlynn 

and Ostriker 1980). Photometric studies of cD galaxies (Oemler 1976; Carter 1977; 

Carter and Dixon 1978; Thuan and Romanishin 1981) have shown that their structure 

is quite different from that of normal ellipticals; their photometric profiles do 

not fit at all well to deVaucouleurs' law, but rather fall off as a power law with 

an index of around 1.6. Thuan and Romanishin (1981) show that the structure of 

brightest cluster galaxies is environment dependent; cD galaxies in poor clusters 

do not have such extended power law envelopes as those in rich clusters, indeed 

they resemble normal ellipticals much more closely. 

Measurements of colour gradients in the envelopes of cD galaxies will place 

important constraints upon theories of their origin. If the envelopes are composed 

of debris from tidal encounters between smaller galaxies, or of whole cannibalised 

galaxies then one might expect them to have colours characteristic of these galaxies, 

which tend to be bluer than bright ellipticals. Boronson et. al. (1983), using a 

scanning CCD, have measured a strong colour gradient in the halo of M87, the galaxy 

is bluer by 0.12 magnitudes in (B-V) at 80 arcsec radius than near the nucleus. The 

results of Valentijn and Moorwood (1984) are more surprising, they performed optical 

(electronographic) and infrared photometry of the cD galaxy in Abell 496. They found 

that while the (B-V) eolour gets steadily bluer with increasing radius the optical 

to infrared colours get steadily redder. They show that a stellar population domina- 

ted by dwarf stars at the centre, with a contribution from giant stars which increases 

radially from the centre, as does the upper mass cutoff of the main sequence, fits 

the observed colour gradients adequately. X-ray observations (e.g. Fabian 1984) show 

that accretion of the hot intracluster medium is an important environmental effect 

upon galaxies in the centres of rich clusters, and models of star formation in 

accretion flows (e.g. Fabian et. al. 1982) suggest that low mass stars might be the 

final form of much of this accreted material. Thus the unusual stellar population 

required by Va!entijn and Moorwood to explain their photometric results might just 

result if most of the stars in the galaxy were formed out of a cooling accretion 

flow. Further photometric and spectroscopic tests of their result are required. 

VI - The halos of spiral galaxies 

One of the most interesting questions in extragalactic astronomy concerns the 

existence, and the nature if they do exist, of dark halos around spiral galaxies. 

Several attempts have been made to measure light from the halos of spiral galaxies 

using various techniques: Heygi and Gerber (1977) used an ingenious annular scanning 

photometer; Davis, Feigelson and Latham (1980) used "grid photography"; Spinrad et. 

al. (1978), Jensen and Thuan (1982) and others have used a combination of photograp- 

hic and photoelectric techniques. The edge-on Sb galaxy NGC 4565 has been observed 

by many groups, and the data are summarised by Jensen and Thuan. There is a "corona" 
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component to this galaxy which is probably quite well fitted by deVaucouleurs' (1959) 

empirical light distribution for elliptical galaxies, however this radial light 

distribution is much too steep to give rise to the flat rotation curve in NGC 4565, 

so this component is not a tracer of the dark halo. The search for the dark halo 

might best be conducted in the infrared, where low mass stars, one possible constit- 

uent of such a halo would be more readily detected. Infrared searches are being 

carried out, but no results are yet available. 

VII - Isophotometry 

Studies of the shapes of isophotes have been carried out by a number of authors 

(Evans 1952; Carter 1978; Williams and Schwarzschild 1979; King 1978; Bertola and 

Galetta 1978; Barbon et. al. 1980; di Tullio 1979; Leach 1981). For elliptical gala- 

xies these studies have revealed that the position angles of the isophotes often 

twist as a function of radius, indicating that the basic shape of these galaxies is 

triaxial. At low light levels isophotometry can also reveal the effects of tidal 

interactions or mergers, which might cause isophotes not to be concentric, or to be 

twisted, or to deviate from elliptical shape. 

VIII - Interacting spiral galaxies 

An example of the use of surface photometry to investigate the effects of 

interactions on individual galaxies is provided by a study of the pair of intera- 

cting spirals NGC 5426/5427 by Blackman (1982). Blackman finds that the adjacent 

halves of these two galaxies have been dirmaed with respect to the rest of the ~alax- 

ies, he attributes this to star formation being retarded by the interaction, although 

I prefer the alternative explanation that they are obscured by dust. 

IX - Dust lanes 

A very substantial proportion of elliptical galaxies possess dust lanes, often 

near the nucleus, probably as a result of the quite recent accretion of a gas and 

dust rich dwarf companion. The accretion of a substantial amount of gas and dust can 

have the effect of fuelling a radio outburst or causing a burst of star formation. 

Dufour et. al. (1979) used photographic broadband surface photometry to investigate 

the nearest and most spectacular dust lane eiliptical NGC 5128 (Centaurus A). From 

their digitised images they constructed maps in (B-V), (U-B), and the index Q = 

(U-B) - 0.72(B-V), which is supposed to provide a "reddening free" index which will 

indicate regions of recent star formation. They conclude that vigorous star formation 

is occurring throughout a disc which is largely masked by the dust lane, and that the 

ages of the blue stellar associations in this disc are in the range 2x106 - 4x107 

years. This burst of star formation has presumably been triggered by the same inter- 

action which created the dust lane. 

Application of similar techniques to more recent CCD images, which have a 

higher dynamic range than photographic images, will prove a powerful tool in the 
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investigation of dust lane galaxies. An example is provided by Carter et. al. (1983), 

who use (B-R) and (B-I) colour maps to investigate the morphology of the dust lanes 

in NGC 1316 (Fornax A) and NGC 1052. 

X - The environment of radio galaxies 

Lilly, McLean and Longair (1984) have considered the photometric structure of 

powerful radio galaxies, and their relationship to brightest cluster galaxies. They 

consider a dimensionless structure parameter, ~ = d(log L)/d(log r), where L is the 

luminosity within radius r and the parameter is defined at a rather arbitrary radius 

of 19.2 h -I kpc. This structure parameter was introduced by Gunn and Oke (1975), and 

has been studied in brightest cluster galaxies by Hoessel (1980) and Schneider, Gunn 

and Hoessel (1983). There is some evidence that ~ is a probe of the environment of 

the galaxy, and particularly that galaxies separate in an ~ - ~ diagram according 

to how many mergers they have undergone. Lilly et al. find differences between the 

powerful radio galaxies and the brightest cluster galaxies which indicate that the 

radio galaxies have undergone much less merging than the brightest cluster members. 

XI - Future work 

Photometry, particularly panoramic surface photometry, can provide important 

evidence on the effects of mergers, accretion and tides on galaxies. With the appli- 

cation of panoramic infrared detectors in the future it will become possible to make 

colour maps over a wide baseline in wavelength, and to obtain much more information 

On the effects of environment on stellar populations in galaxies. The space telescope 

will enable such studies to be extended into the ultraviolet, where dust has a much 

greater effect and hot gas emits its strongest emission lines. More sensitive X-ray 

telescopes will enable us to observe the accretion by galaxies of the hot inter- 

galactic medium, perhaps the most important environmental effect on galaxies. Finally 

improvements in technology for ground based telescopes, such as the development of 

larger and more uniform CCDs and more sensitive photographic emulsions will provide 

more reliable quantitative measurements on the remnants left by collisions between 

galaxies in the distant past. 
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DISCUSSION 

F. Schweizer : From the shell colours in NGC 3923, 5018, and 2865, can you say 

whether in any of these cases the infalling galaxy could have been an elliptical? 

D. Carter : In NGC 3923 the infalling galaxy could definitely have been an elliptical, 

the colours of the shells are similar to the colours of the outer parts of NGC 3923. 

In NGC 2865 and 5018 the colours may be too blue. 

S. Djorgovski : Can you estimate a typical total luminosity of the material in a 

shell? 

D. Carter : In NGC 1344 we estimate it is 3x108 solar in the outer shell. 
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J.-L. Nieto : In NGC 3379 there seems to be a change in th9 geometry and a change 

in the colour behaviour of the galaxy at 25 arcsec from the nucleus, where there is 

a kink in the luminosity profile. This might be a signature of a gravitational 

interaction with NGC 3384. In M87 we see exactly the same kind of correlation 

between profile, geometry, and colour in your data (Carter and Dixon 1978), and 

this may also be attributed to an interaction with the environment (Nieto and Vidal, 

Astron. Astrophys. 135, 190). 

M. Capaccioli : Concerning Kormendy's profile types T1, T2, and T3, how much does 

the result depend upon the way you fit the deVaucouleurs law to the observations? 

D. Carter : Kormendy claims that you get similar results if you fit a Hubble law 

or a King model. 

A.C. Fabian : The shells are blue. Using a standard IMF (whatever that is) can any 

of the stars be younger than the dynamical ages inferred for the shells? 

D. Carter : I would need to check the transformations between the CCD magnitudes 

and Johnson magnitudes before I could answer that question. 

S. Djorgovski : You subtract a uniform ellipticity, uniform position angle model 

from your data. If there are any ellipticity gradients or isophotal twists in the 

real galaxy, you would create artificial ripples. 

D. Carter : There is a substantial isophote twist in the centra I regions of NGC 

2865 which contributes to the poor fit of the model in the central regions of this 

galaxy. NGC 3923 and 5018 appear not to have large isophote twists. The ellipticity 

and position angle we use in the model are determined in the region of the galaxy 

near the radius of the shells we are measuring. 



MALMQUIST BIAS IN "TULLY-FISHER"RELATION 
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de Radioastronomie F-92195 Meudon Cedex, France 
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The Tully-Fisher (1977) relation is a tight correlation between the absolute magnitude 

of a galaxy, M, and its maximum rotational velocity, Vm, measured from the width of 

the 21-cm line : 

M = a log V + b (I) 
m 

The present treatment of the Malmquist bias in relation (I) is based on the discussion 

given by Teerikorpi (1975, 1984). In a sample of galaxies with absolute magnitude Mo, 

taken from a catalogue with sharp limiting magnitude m I and uniformly distributed, the 

bias [AM] d at a given distance d, is an increasing function of d, through the quantity 

M(d) - M o with M(d) = m I - 5 log d - 25 

Each curve is characterized by Mo, m I and the intrinsic scatter of relation (I), the 

errors on logV m and the luminosity function of the galaxies. The unbiased range, 

corresponding to the plateau in figure I, goes up to a limiting distance d I which 

depends on M o. 

aM M5 ..~ 
(~iQs~ o ~ M10 

-No>-M o >-M 

0 : ' i 
| I 

The bias is not easy to put in evidence for two main reasons. First, the effect vani- 

shes when plottin~ ~M (or H e ) vs. biased distances. Second, in a sample of galaxies 

with different Mo, the different curves are mixed. 
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Previous studies havetried either to avoid the bias by using restricted samples 

(Aaronsonet al., 1982 ; Bottinelli et al.,1983; Tully and Fisher,1977) or to correct 

it from the formula ~M = -1.382 ~2 (Bothun et al., 1984). However, these restrictions 

or corrections appear to be still ~nsufficient. 

The method used here relies on the two main concepts of sosies and kinematic 

distances. We have first identified the Malmquist effect and second obtained an unbia- 

sed esgimate of H o. 

Sosies: The effect of the adopted value of the slope of TF relation and a possible 

type dependence on the value of H o has been much discussed. In order to bypass these 

difficulties, Paturel (1984) has introduced the concept of "sosies". Two sosies are 

identical; they are identified as sosies from their parameters which are not distance 

dependent (type, log Vm, axis ratio) and it is then concluded that they have the same 

absolute magnitude, which gives their relative distances. In particular, all the sosies 

of a given calibrator are expected to be affected by the same bias, which corresponds 

to a given curve in Figure I. 

Kinematic distances: Our work relies on a strong hypothesis. We assume that the rela- 

tive distances of galaxies, dv, in units of Virgo Cluster distance, may be calculated 

with sufficient accuracy from Peebles (1976) symmetric differential expansion model. 

We have adopted the following parameters: mean velocity of Virgo Cluster, with respect 
-I -I 

to LG: Vo: 980 km s ; ±nfall velocity of LG towards Virgo Cluster: VLG: 350 km s 
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The plot of Ho vs. d v for different groups Qf sosies shows the hrend expected frQm Fig- 

gure I. In order to go further and to separate the galaxies situated within their own 

' for unbiased distance range, we have introduced the concept of normalized distance d v 

which M(d' v) - ~o has the same value for different ~o : all the curves in Fig. 1 are re- 

duced to a unique curve. When applying this normalization to the sosies, we obtain an 

H o vs. d' diagram (72 points) in which there is no more segregation of the different 
v 

classes of sosies; it remains a clear increase of H o with d' and the scatter is consi- 
v 

derably reduced. The number of sosies in the unbiased range is too small for a relia- 

ble determination of H o by this method, though the diagram points at N o around 70-80. 

In order to increase the amount of data, we have then used the large sample of gala- 

xies with distance determined from TF relation (Bottinelli et aL., 1984a,b), restric- 

ted to the more accurate data (~ 400 galaxies). From the 41 galaxies in the unbiased 

region (Fig.2) we find the mean logarithmic value of H o : H o = 72 + 3 km s -IHpc-1. 

CONCLUSIONS 

(I) From a plausible local velocity field model, the TF relation sugges~ the value 

H o = 72 + 3, when the local distance scale is due to de Vaucouleurs. 

(2) This result relies strongly on the assumption that Peebles' model gives a plausible 

evaluation of an unbiased distance scale, but not on the accurate values of the model 

parameters. 

2 
(3) The Malmquist effect is much more subtile than the simple M = - 1.3820" formula. 

(4) It is not sure that the use of galaxies within clusters prevents against the bias, 

the incompleteness of the samples being larger at low luminosities. 

(5) We have not tried to fit to the observed H o vs. d' points a theoretical curve: such 
V 

a curve relies on a number of badly known parameters and on several assumptions. It 

appears safer to identify the unbiased range. 

(6) There are several arguments favouring the conclusion that our value of H o is global 

and not local. One of them concerns the rather large radial velocity range encountered 
-I 

in the unbiased region from about 200 to 2500 km s 
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DISCUSSION 

G.Bruzual: What value of H o should we b~lieve ? 

L.Gouguenheim: With primary calibration in de Vaucouleurs scale, H o = 72 ~ 3; with 

the old Sandage and Tammann scale, H o = 56 ~ 3; with the new ST scale, H 0 = 63 ~ 3. 

M. Capaccioli: If not the exact value, can you give us a lower limit of H o ? 

L.Gouguenheim: Some improvements of the primary calibration can be expected from Ma- 

dore et al. IR study of cepheids. The first results go in the sense of a decrease of 

the distances of the local calibrators, and thus an increase of H o. It seems thus that 
H o = 70 is the lower limit. 
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SUMMARY 

Surface photometry of sky-limited red photographic and CCD observations, cor- 

rected for galactic extinction, the K term and seeing image degradation, reveals the 

decomposition of low-redshift quasar images into a central point source and an ex- 

tended underlying nebulosity. The investigation of the statistical properties of a 

well-resolved subsanple of these nebulosities shows that 

(a) Quasar redshifts cannot beexplainedby "tired light" assumptions in a 

static universe or a local hypothesis. The observed central surface brightness is, 

however, roughly compatible with the prediction of an expanding FRIEDMANN universe. 

Taking into account the integrated magnitudes and the physical association of the 

nuclei and the extended cor~nent, we conclude that the underlying nebulosities are 

in fact the host galaxies Of quasar nuclei. 

(b) Correlations with redshift of the integrated magnitudes, the isophotal 

diameters and the surface brightness at constant angular distances from the center 

indicate, that the host galaxies of low-redshift quasars (z < 0.6) strongly evolve in 

luminosity. 5 to 8 Gyr ago, quasar host galaxies were on average 5 times brighter 

than they are today. 

(c) From the concentration of galaxies in the immediate neighborhood of quasars 

(< 200 kpc) there is strong evidence that quasars are born in and evolve with galaxy 
\ 

clusters. On an even smaller scale (< 50 kpc projected distance), quasar host gala- 

xies in many cases appear to be heavily distorted by interaction with faint companion 

galaxies. 

I. QUASARS AND COSMOLOGY 

If quasar redshifts originate from the expansion of our universe, 

quasars are probably the most important tracers of cosmic evolution. 

Their extreme luminosities combined with their blue non-thermal energy 

distributions make them observable out to distances which correspond to 

an appreciable fraction of the HUBBLE time. Thus, quasars are cosmolo- 

gical lighthouses which point to a region of the sphere where we have 

to look for evidence of the evolution of our universe, if we knew what 

to look for. At present there do not seem to exist crucial differences 

between the spectra of low- and high-redshift quasars, and the informa- 

tion about their central engines" total luminosities cannot yet be 
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interpreted unambiguously in terms of cosmic evolution. 

The situation is somewhat relaxed for the low-redshift quasars, 

which have recently been resolved into a central point source and an 

extended underlying nebulosity, the latter showing some of the common 

features of bright galaxies (Wyckoff et al. 1981, Hutchings et al. 

1982, Gehren et al. 1984, Malkan et al. 1984, Green and Yee 1984). 

Spectroscopic observations have revealed that the redshifts of quasar 

nuclei and their underlying nebulosities are the same to within rea- 

sonably narrow limits whenever emission or absorption lines could be 

detected. While different investigators have found diverging evidence 

concerning the morphological types of the nebulosities, they agree that 

virtually all quasars with redshifts < 0.4 are resolved. The fraction 

of resolved quasars decreases strongly with redshift and, as would be 

expected for FRIEDMANN models, no quasars with z > 0.7 have been re- 

solved at a surface brightness level of 26 mag arcsec -2. 

Although the photometric observations favour the interpretation of 

these nebulosities being quasar host galaxies, as yet the only direct 

evidence that their light is of stellar origin has been published by 

Boroson and Oke (1982), who detected Balmer absorption lines in the 

nebulosity of 3C 48, and Balick and Heckmann (1983), who found absorp- 

tion lines in a few other quasar nebulosities. Whereas a number of 

independent methods for the determination of extragalactic distances 

(cf. Sandage and Tammann 1982) leaves no doubt that the HUBBLE relation 

between apparent magnitude and redshift is in fact a distance law for 

the brightest members of galaxy clusters, such an outstanding confirma- 

tion of general relativity theory is not possible for quasars at pre- 

sent, since independent determinations of quasar distances do not 

exist. Moreover, the distribution of quasar apparent magnitudes with 

redshift shows quite clearly that quasars are far from being "standard 

candles". The cosmological redshift hypothesis for quasars is, however, 

not undisputed. Arp and his co-workers (see Arp 1983, for a review) 

have observed a number of quasar associations including objects of 

different redshifts which appear to be arranged along a straight line. 

A number of quasars with comparatively high redshifts have also been 

detected in the immediate vicinity of nearby bright galaxies (Arp e tt 

all. 1975, Burbidge 1979). In both cases the non-cosmological origin of 

quasar redshifts (local hypothesis) is claimed on the basis of statis- 

tical arguments which appear to support the physical association of 

objects with different redshifts. It is therefore of primary importance 

to obtain independent observational support for either the cosmological 

or the local hypothesis. 
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II. THE ORIGIN OF QUASAR REDSHIFTS 

The propagation of photons in different world models has been 

investigated by Hubble and Tolman (1935) who first compared expanding 

models of the FRIEDMANN type with predictions of the static EINSTEIN 

universe. Since the latter gives no explanation for the redshift, they 

adopted the ad-hoc hypothesis of "tired light", which vaguely describes 

the interaction of photons with other particles on their way to the 

observer. Let I o denote the central intensity of an extragalactic 

object in its co-moving frame at redshift z, and i O the observed inten- 

sity. The surface brightness theorem states that in expanding world 

models 

i o = I o (l+z) -4 , (i) 

whereas in a static world model 

i o = I o (l+z) -I (2) 

Unless the redshift is explained by a relative motion of object and 

observer, Eq.(2) is also valid for the local hypothesis. In either 

model, one factor of (l+z) results from the energy loss of the red- 

shifted photons, irrespective of the redshift origin. In the expanding 

world model, another factor of (l+z) is due to time dilatation between 

object and observer, and a factor (l+z) 2 to the increase in angular 

area of the object resulting from the expansion of the universe. The 

importance of the theorem has been emphasized in a number of publica- 

tions (Sandage 1961, Kristian and Sachs 1966, Gudehus 1975), yet its 

application is strongly complicated because of £he necessary correc- 

tions for the K term and atmospheric seeing. Phillipps' (1982) attempt 

to prove that quasar redshifts originate from the expansion of the 

universe failed because he used the central surface brightness data of 

QSO nebulosities published by Wyckoff e t a_!l. (1981), which were only 

tentative estimates resulting from extrapolation. Improved surface 

photometry based on the decomposition of quasar images is now obtained 

in a quantitative and repeatable way (Gehren et al. 1983), and the 

present results are based on a subsample of 26 well-resolved low- 

redshift quasars and BL Lac objects. 

While the details will be published in a forthcoming paper, we 

note here that the observed surface brightness data have been corrected 

for galactic absorption and the K term as described by Gehren et al. 

(1984). The seeing corrections, however, depend on the assumption of 

the two-dimensional intensity distribution of the quasar nebulosities. 

Though individual objects of our subsample may be forced into an expo- 

nential profile fit, statistical evidence favours the approximation by 

a power law of the HUBBLE type, 
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I(r) = I o (l+r/R) -2 , (3) 

where R denotes the scale height. Seeing corrections thus were ob- 

tained by determining the scale height from an empirical curve-of- 

growth relation (Sandage 1972), and convolving Eq.(3) with the observed 

stellar point spread function. Fig.la demonstrates the large scatter of 

the corrected central surface brightness ~o,c of quasar nebulosities 

(~ = 0.80 mag) about the regression line, 

~o,c = 12.64(±3.74) log(l+z) + 16.29(±0.34) (4a) 

While the probability that such a correlation arises from a parent 

population defined by an expanding universe (Eq.l) is 0.51, the corre- 

sponding probability for a parent population in accordance with a 

static universe or the local hypothesis (Eq.2) is only 0.02. Part of 

the individual scatter of ~o can be removed. Though systematic errors 

resulting from K correction or the modelling of the seeing cannot be 

ruled out, the tight correlation between individual deviations from the 

regression lines of ~o,c (Fig.la) and m c (Fig.2, no seeing correc- 

tions~) indicates that the scatter in ~o,c mainly represents the dis- 

tribution of intrinsic luminosities at constant redshift. Fig.lb shows 

the central surface brightness after correction for the individual 

scatter of the luminosities, ~*o,c = ~o,c - 6mc" Whereas the slope of 

the regression line, 

~* = 13.31(±1.97) log(l+z) + 16.24(±0.18) (4b) O,C 

has changed only marginally with respect to Eq.(4a), the scatter is 

reduced to J = 0.42. The probability in favour of an expanding universe 
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ties at constant redshift (see text). The solid line represents the linear regres- 
sion, the dashed line shows the prediction fro~ Eq.(2) 
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now would be 0.11, while the corresponding value for a static universe 

or the local hypothesis becomes as small as 10 -5 . 

These results depend mainly on the assumption that the seeing 

corrections do not introduce strong redshift-dependent systematic er- 

rors. Although this is difficult to verify, it is possible to show that 

at high redshifts the present seeing corrections based on Eq.(3) are 

rather upper limits. In fact, using exponential profiles instead of a 

power law leads to a significantly steeper slope in Fig.l, while model- 

ling with a deVAUCOULEURS law or a KING profile does not remove the 

discrepancy. Statistically, the observed properties of quasar nebulos- 

ities clearly show that our current notion of cosmological quasar 

redshifts is acceptable, whereas the static "tired light" universe and 

the local hypothesis are not. Moreover, since the physical association 

of the QSO nuclei and the extended nebulosities seems to be out of 

question and the observed integrated magnitudes of the nebulosities are 

of the same order as for the brightest cluster galaxies, the extended 

nebulosities surrounding the low-redshift quasars are almost certainly 

galaxies. 

III. THE EVOLUTION OF QUASAR HOST GALAXIES 

The surface brightness theorem may depend on the cosmic luminosity 

evolution of quasar host galaxies, 

20 

19 

m c 

18 

17 

16 

15 

14 

I I ' ' J I "  ' 1 '  J i I 

s 

X S 

;" I , , , , I ' ,, I I I I 

0.05 0,I 0.2 z 0.5 

since I o could be a function of 

26 I u , '' I , | i , i 

25 " " 

9,C • • 

24 • / "  
• r 

0 0  s 

2 3  o • °eo . "°°e'• 

0 0 / /  
22 

~ A s s ,  S 

/ 

21 / "  
/ 

.s / 
! 

, X  

2G 
I i , , , I I n a I 

005 01 02 z 0.5 

Fig. 2: A~parent magnitude m and surface brightness ~S at constant angular distance 
8 = 5" from the center of quasar host galaxies as functions of redshift. The linear 
regression and a straight line connecting the brightest objects are indicated by 
solid and dashed lines, respectively. A similar diagram can be constructed for the 
isophotal radius 826 of the host galaxies 



232 

redshift. Fig.2 indicates that the host galaxies of low-redshift qua- 

sars strongly evolve with cosmic epoch. Although the data base is 

fairly small and inhomogeneous (including optical and radio-loud qua- 

sars as well as BL Lac objects), it seems relevant that the evolution 

with redshift of the average QSO galaxy (continuous lines) follows the 

same slope as it does for the brightest objects (dashed lines). The 

fact that the host galaxies of BL Lac objects and optical quasars 

appear to determine the correlations simply results from the decreasing 

number of quasars with z < 0.2. Such objects are mostly classified as 

N- or SEYFERT galaxies and are not included here. While the upper left 

part of the diagrams may contain some extremely faint Qso host gala- 

xies, the area below the dashed lines is definitely devoid of objects 

with redshifts < 0.5. 

The regression lines in Fig.2 would imply a cosmic luminosity 

evolution according to 

L ~ z 0"64 (5) 

Since, introducing an appropriate cutoff at large radii, Eq.(3) yields 

L ~ I o R 2 , (6) 

such an evolution may be due to I o or R or a combination thereof 

evolving with redshift. If the luminosity of QSO host galaxies were 

evolving only with Io(Z) the resulting modification of the surface 

brightness theorem would be incompatible with our observations (Fig.l). 

Thus, an increase with redshift of the central intensity I o measured in 

the co-moving frame of QSO host galaxies can be ruled out. The same 

holds for a strong decrease of Io(Z) compensated by an increase of 

R(z). In conclusion, the observed luminosity evolution of quasar host 

galaxies must be mainly due to a decrease with cosmic time of the 

galaxy scale height parameter R(z), and it seems that at a redshift of 

z = 0.6 (about 5 to 8 Gyr ago) QSO host galaxies were on average 5 

times brighter than they are today. 

IV. QUASARS AND CLUSTERS OF GALAXIES 

At present there is no evidence as to how the quasar phenomenon is 

triggered, and the model for active galactic nuclei is still under 

debate (see Rees or Shklovsky, this conference). The issue whether 

quasars are isolated events or related to clusters of galaxies is 

therefore important. While the clustering of quasars themselves repre- 

sents an as yet unsolved problem, observations of quasar fields inclu- 

ding spectroscopy (Stockton 1978,1980) or a statistical comparison of 

the area number densities of faint galaxies in the immediate vicinity 

of quasars (Gehren et al. 1984) seem to indicate that at least low- 
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Fig. 3~ Isophote map of CCD field (2 by 3 arc~n) around the radio quasar 2201+315 
(4C 31.63, z = 0.297). A and B denote the QSOhost galaxy and a compact con~panion. C 
to M are stars, numbers 1 to 23 are faint galaxies. The dotted circle marks the 
average core radius of galaxy clusters (150 kpc for H o = 75 km s -I M~land qo = I) 

redshift quasars are associated with groups or clusters of galaxies. 

The statistical approach is demonstrated in Fig.3 for the radio quasar 

2201+315. The isophote map of the CCD field shows a total of at least 

i0 faint galaxies (m < 22) within a projected distance of 150 kpc from 

the QSO, corresponding to the average core radius of galaxy clusters 

(Bahcall 1975), whereas large-scale background counts of Tyson and 

Jarvis (1980) would only predict less than i. The apparent clustering 

of galaxies around quasars is a common property of all low-redshift 

quasars that have been investigated. While spectroscopic observations 

are necessary to confirm the redshifts of these galaxies, their magni- 

tude distribution and in particular the gap between the magnitudes of 

the quasar host galaxy and the second brightest galaxy in the field is 

in accordance with what is known about normal clusters containing a 

first-ranked elliptical galaxy. 

Even more important for the formation and evolution of quasars is 

the existence of faint galaxies within a projected distance of less 

than 50 kpc. Fig.4 shows three isophote maps, again fairly representa- 

tive of the low-redshift quasar sample. Although we will not enter here 

in a discussion of apparent luminous bridges and extensions, we note 
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Fig. 4: Faint galaxies in the immediate neighborhood of 3 radio quasars. The mor- 
phology of the quasar host galaxies and the luminous extensions suggests that the 
QSO galaxies and their con~oanions are in a state of tidal interaction. The vertical 
bars correspond to a projected distance of 50 kpc 

that if these faint galaxies are physically associated with the quasar 

host galaxies, there is probably no way avoiding tidal interactions on 

scales of 10 to 50 kpc. 

V. CONCLUDING REMARKS 

The current state of quasar surface photometry is significantly 

affected by the lack of completeness at low redshifts. Although there 

may be marginal differences with respect to spectra and images between 

the various types of active galactic nuclei, advances in our under- 

standing of quasars require a more comprehensive view. The simple 

approach of reclassifying a quasar as a SEYFERT galaxy every time such 

a quasar is resolved adds nothing to our knowledge, since classifica- 

tion criteria used for active galactic nuclei have proved to depend on 

operationally defined quantities such as sensitivity or resolution of a 

detector. 

At this time of writing, no quasar with a redshift larger than 0.7 

has been resolved, and none of the higher redshift quasars has defi- 

nitely proved to sit in a cluster of galaxies. If we accept that 

quasars are located at cosmological distances, this result is not 

surprising. The predicted diameters of QSO host galaxies as well as the 

integrated magnitudes of the cluster galaxies steeply fall off with 

redshift. Already at z = 0.8 the mean isophotal diameter at a surface 

brightness of 26 mag arcsee -2 of a quasar host galaxy is only 6 arcsec, 

whereas a normal cluster galaxy of M = -21 will transform into an 

apparent magnitude of m = 21 to 22, depending on the world model. Both 
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quantities are further affected by a K dimming of 2 to 3 magnitudes. 

Hence, even at this redshift, the limitations of terrestrial observa- 

tions become obvious. 

Almost certainly observations with Space Telescope will extend the 

present ground-based results to higher redshifts. It will be important 

to obtain redshifts of host galaxies as well as faint companion or 

cluster galaxies in order to provide a comparison between "normal" and 

quasar galaxy clusters. If the existence and cosmic evolution of qua- 

sars does at all depend on tidal interaction or galaxy merging in a 

cluster environment, the luminosity evolution of quasar nuclei and 

perhaps their host galaxies should reflect the amount of matter avail- 

able to supply the QSO central engine. 
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DISCUSSION 

A. Fabian: Two questions: first, have you considered local QSO hypo- 

theses in which the redshift is due to velocity, and second, is there a 

correlation between the luminosities of the QSO and the host galaxy? 

T. Gehren: As yet local hypotheses explaining the quasar redshift by 

DOPPLER velocities have not been considered. There is a correlation 

between the luminosities of quasar nuclei and their host galaxies (cf. 

Gehren et al. 1984, Fig. 4) such that for low redshifts the luminosity 

ratio is about constant, however, with a large scatter. 

S. Djorgovski: Two remarks: first, I do not believe that you can 

correct for the seeing as well as you assert. I did very extensive 

modeling of seeing effects in situations similar to the ones you are 

investigating, and I think that it is impossible to do it as well as 

you say you did. The seeing corrections are strongly systematic with 

redshift, and even a slight miscompensation of seeing can produce 

spurious correlations and parameter coupl£ngs. Second, there is a 

correlation of QSO nuclear luminosity; on the other hand, most QSO 

samples are flux-limited, and one expects more luminous objects at 

higher redshifts. This can leak into a artificial correlation of host 

galaxy luminosity with redshift. 

i 

T. Gehren: The seeing dependence on redshift caused by a change of the 

angular galaxy scale height has been aecounted for using the curve-of- 

growth method of Sandage (1972). Tests with a variety of parameters 

indicate that a possible systematic error over the whole redshift range 

(z < 0.6) is smaller than 0.5 mag, which does not affect my conclu- 

sions. Your second remark implies that our QSO sample misses some faint 

quasars at higher redshifts, which is certainly true. However, the same 

holds for very low redshifts as well, and £he mean relation may not be 

unreliable. Note that all the brightest 0bjects with z < 0.5 as are 

included, and we may replace the mean relation by that of the brightest 

quasar host galaxies. 



POSSIBLE EVIDENCE FOR EVOLUTION IN THE PHOTOMETRIC PROPERTIES 

OF NEARBY GALAXIES 

R. Brent Tul ly  
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Abstract : 

Given t h e  f o u r  o b s e r v a b l e s - - o p t i c a l  m a g n i t u d e s ,  i n f r a r e d  m a g n i t u d e s ,  o p t i c a l  

d i m e n s i o n s ,  and H I l i n e  p r o f i l e  w i d t h s - - t h e n  6 p a i r w i z e  c o m b i n a t i o n s  o f  t h e s e  

o b s e r v a b l e s  can be c o n s t r u c t e d  t h a t  a re  d i s t a n c e  d e p e n d a n t  and 4 t r i p l e t  

c o m b i n a t i o n s  can be c o n s t r u c t e d  t h a t  a re  d i s t a n c e  i n d e p e n d a n t .  T i g h t  c o r r e l a t i o n s  

a re  found  be tween a l l  p o s s i b l e  c o m b i n a t i o n s  o f  t hese  p a r a m e t e r s  w i t h  samples o f  

g a l a x i e s  drawn f rom t h e  V i r g o  and Ursa M a j o r  c l u s t e r s .  However ,  when l a r g e  samples 

o f  m o s t l y  n o n - c l u s t e r  g a l a x i e s  a re  c o n s i d e r e d ,  t h e  s c a t t e r  i n  t he  same 

r e l a t i o n s h i p s  i n c r e a s e s .  The s c a t t e r  i n  c e r t a i n  o f  t h e  d i s t a n c e - - i n d e p e n d a n t  p l o t s  

is q.ot symmetrical wi th respect to the lay of the c lus ter  data. I f  the data are 

good, then the i n t e r p r e t a t i o n  could be that  some galaxies in our large sample are 

redder than normal for  t h e i r  mass. Such galaxies are expected to ex i s t  i f  sp i ra ls  

evolve to become gas-depleted l e n t i c u l a r s .  
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ON THE STRUCTURE AND KINEMATICS OF THE SMALL MAGELLANIC CLOUD 

E. Maurice, N. Martin, L. Pr~vot and E. Rebeirot 
Observatoire de Marseille 
2, Place Le Verrier 
13248 MARSEILLE CEDEX 04 

The first attempt to a kinematical study of the Small Magellanie Cloud (SMC) was 

performed by the Radcliffe astronomers (Feast et al., 1960, 1961) on the basis of the 

radial velocities of 40 stars and 13 HII regions. 0bjective-prism observations by 

Florsch (1972a) resulted in about I00 stellar radial-velocities and a compilation by 

Maurice (1979) of all then known slit-spectrograph radial velocities gave data for 

80 supergiants, 35 HII regions and 12 planetary nebulae. 

In January 1981 a copy of the radial-velocity spectrometer CORAVEL, already in use 

for several years in Haute Provence Observatory, was installed at the focus of the 

Danish 1.54m telescope at La Silla, Chile (ESO). It is operated jointly by ESO and 

Copenhagen, Geneva and Marseille Observatories. In three years, observations with 

this instrument provided velocities of 195 SMC member-stars of late spectral type, 

that is almost the double of the previously existing velocity data. We intend to give 

here, in advance of a more complete paper (Maurice et al., 1985), some results of 

these observations. 

INSTRUMENTATION AND OBSERVATIONS 

A complete description of the operation and performance of CORAVEL is given by 

Baranne et al. (1979) and MaYor et al. (1983). Among the stars observed in the SMC 

are 16 F-K5 type stars, 175 K5-M type stars and four Cepheids; these latter stars were 

observed regularly and a mean of 50 measurements were made per star. In addition we 

have measured velocities of 33 foreground stars and of 4 stars probably situated in 

space between the two Magellanic Clouds or between them and the Galaxy. 

The F-K5 stars were taken from lists of already known SMC members (Feast et al., 

1960; Sanduleak, 1968, 1969; Azzopardi and Vigneau, 1979, 1982). The K5-M stars were 

taken from the recently published catalogue by Pr~vot et al. (1983). 

The magnitude of the fainter stars observed was of the order of V=14.5. For this 

magnitude the signal/noise ratio (stellar counts against photomultiplier dark counts) 

was less than unity. Typical integration times were of the order of 15 minutes but 

have been as long as 30 minutes for the fainter stars. 

We have determined (Imbert et al., 1984) the radial velocity of the center of 

gravity of four of the observed cepheids; observations are still needed. 
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CORAVEL RADIAL-VELOCITIES ACCURACY AND ZERO-POINT 

The mean standard error for one observation is <g1> =2.00 ± 0.18 km s -l and 

<El> =1.27 ± 0.04 km s -I for F-K5 and K5-M SMC supergiants respectively. As observa- 

tions have been repeated only in very few cases, no direct determination of the stan- 

dard error on the mean stellar velocity is significant and we admit that the above 

mentioned values of <et> reflect the reproducibility of CORAVEL measurements. These 

estimates are in good agreement with those given for velocities of LMC stars (Pr~vot 

et al., 1985); they show that the percentage of variables among these late-type 

(later than FO) stars is probably rather low. 

During each CORAVEL observing night radial-velocity standard stars were observed. 

The velocities given for the present programme stars are on the system defined by the 

faint (mv>4.3) IAU standard stars (Pearce, 1957) as discussed by Mayor and Maurice 

(1985). 

RESULTS 

The present observations confirm with more precision the findings previously ob- 

tained from spectrographic radial velocities of (mainly) early-type stars. In the 

plane of the sky, stars show a tendency to cluster in groups of apparent mean size of 

the order of 400 pc and with radial-velocity dispersion of the order of 5k ms -l. Groups 

with very different velocities happen to be very near-by or even to overlap in the 

plane of the sky; this result is strongly in favour of a great depth of the SMC. The 

depth of the SMC in the line of sight has been suspected a long time ago (Johnson, 

1961; Hindman, 1967; Florsch, 1972b) and confirmed from spectrographic and photometric 

studies of the brightest supergiants in both Clouds by Ardeberg and Maurice (1977, 

1978). Recently Matthewson (1984) even admitted that two parts of the SMC are now 

separating. 

Similar results had been obtained for early-type stars but with velocity disper- 

sion probably significantly larger; this velocity-dispersion difference between early 

and late type stars has also been found in the LMC (Pr~vot et al., 1985). A possible 

interpretation could be that a higher percentage of variables or close binaries is 

found among early-type Supergiants than among late-type supergiants in the SMC. 

The surface distribution of radial-velocity groups in the SMC is also quite simi- 

lar for OBA and for K5-M type stars; thus where low-velocity groups of OBA stars are 

found, low velocity late-type stars are also found. The same holds for higher veloc- 

ity groups. This may indicate that these young stars have formed together in kinema- 

tically homogeneous regions. 

We obtain for the GSR radial-velocities (using rotation velocity of the Sun of 

250 km s -I) the following mean velocities and dispersions for the same central region 

of the SMC (OBA stars velocities from Maurice, 1979): 
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- for 61 OBA-type stars <VGsR > = +4.5 ± 2.4 km s-1~ ~ = ]6.5 km s -I 

- for 18 F5-K type stars <VGsR > = -6.6 ! 4.7 km s-l; ~ = 20.1 km s -I 

- for 162 KS-M type stars <VGsR > = -3.8 ± 1.6 km s-l; ~ = 20.4 km s -I 

The double peaked velocity distribution previously found for OBA stars is no 

longer clearly visible but the overall dispersion is the same for the three spectral- 

type ranges. 

The velocity difference between spectrographic early-type star and CORAVEL later- 

type star velocities is also found in the LMC (Pr~vot et al., 1985); it indicates 

that the spectrographic velocity zero-point previously adopted has probably to be 

corrected by approximately -8 km s -I. 

Finally we have compared our stellar velocities with those of neutral hydrogen. If 

we admit that each of the components of the HI profiles originates in (three) differ- 

ent independent complexes, only one of them shows a velocity variation which could 

be interpreted in terms of rotation. However correlation of this HI complex with 

stars is rather doubtful. 

All these questions will be more thoroughly discussed in a forthcoming paper 

(Mauriee et al., 1985). 
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i. INTRODUCTION 

Recently, the spiral galaxy M31 has been the subject of several detailed 

investigations. The Westerbork telescope has mapped the distribution of the neutral 

hydrogen (Brinks and Shane, 1984) and the 21 and 49 cm radio continuum e~ission 

(Walterbos et al., 1984; Bystedt et al., 1984) at high resolution. Infrared maps at 

four wavelengths have been obtained with IRAS (Habing et al., 1984). To complement 

these radio and infrared data, we have obtained calibrated photographic plates in U, 

B, V, R, and Ha of M31, using the Burrell Schmidt telescope at Kitt Peak and the 

Palomar Schmidt. The plates have been scanned at Leiden with the ASTROSCAN reticon 

densitometer at a resolution of 4". 

The combined data set will provide information on the current and recent star 

formation, the properties of the interstellar dust, and the spiral structure of the 

galaxy. Also the question of a possible warp in the stellar distribution can be 

addressed. Here we will discuss some of the specific reduction techniques used to 

process the large amount of optical data, and a few preliminary results regarding the 

warp and the interstellar dust distribution will be presented. 

2. PHOTOGRAPHIC PHOTOMETRY 

The large size of the galaxy (4°x2 °) introduces several problems not usually 

encountered in photographic surface photometry. A very large area (10x20 cm, 

2000x4000 pixels) had to be scanned to be able to determine the sky level. Over such 

areas variations in sky background occur due to inherent plate variations, 

vignetting, scattered light, differential dehypersensitisation (the "Malin" effect), 

and a possible intrinsic sky brightness variation (M31 is at galactic latitude -20 ° ). 

We have used a specific sky subtraction technique to correct for these effects 

as much as possible. A local background level was determined in small submatrices of 
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32x32 pixels, using an iterative K-o clipping routine (e.g. Newell, 1979), to correct 

for foreground stars. The background values of all submatrices ware combined in one 

map with 64x128 pixels. On this map a sky fit was determined using only regions 

outside the image of M31. The fit was blown up to the original map size and then 

subtracted from the full resolution data, after conversion to intensity. Various fit 

functions were tested. Comparison with published photoelectric data shows good 

agreement down to ~B ~ 25.5-26 magn. per arcsec squared. A full description of the 

reduction procedure can be found elsewhere (Walterbos and Kennicutt, in prep.). 

3. SOME RESULTS 

The compact maps obtained as described above are not only useful for background 

fitting. Due to the data compression, the noise is reduced by a large factor and the 

maps therefore extremely wall show weak extended emission. In contrast to a standard 

convolution, there is no contamination by foreground stars (except a few strong 

ones). We have converted the compressed maps to intensity and subtracted sky. Figure 

1 shows the sums of four red and four blue plates processed this way. In both colours 

the deviation of the outer contours from the major axis is apparent. This effect was 

seen before, though not as convincingly, by Innanen et al. (1982). The deviation 

seems to be too large to be explained by spiral structure. A real warp in the stellar 

distribution seems to be present. It is in the same direction as the HI warp (Newton 

and Emerson, 1977), but sets in somewhat closer to the centre at roughly 18 kpc. Our 

photometry is not accurate enough to say much about the colour or the absolute light 

level s of the warp. Comparison with published photometry shows that it is 

below ~B = 26. 

Fig. i. (Left): Average of four red images of M31, processed as described in the 
text. The blemishes at the edges are due to the filtre and plate edge effects. Some 
bright stars with their scattered light halos are also visible. The extension towards 
the bottom is the elliptical companion NGC205. The increment between contour values 

m 
is 0.5, the zero point is chosen arbitrarily. The brighter intensities (dark grey 
values) are not accurate due to the data processing. (Right): Average of four blue 
images of M31. The bright star towards the top is v And. 
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The compact image can also be used in (digital) unsharp masking techniques. We 

have divided a high resolution image in the B band by a blown up "smoothed" image. 

Both maps were in intensity units and had sky subtracted. The process is similar to 

the photographic unsharp masking technique, but having the data in digital format 

enables a quantitative analysis. Figure 2 shows the image obtained this way. The 

large scale brightness gradient is effectively removed and the dust and bright spiral 

arm regions clearly show up. Figure 2 also shows the integrated HI map obtained by 

Brinks and Shane (1984) at the same scale. Taking into account the fact that the dust 

on the near side of the galaxy (bottom side in the figure) can be seen better than 

the dust on the far side, a striking correlation between dust features and HI 

Fig. 2. (Top): Digitally unsharp masked image of M31 in the B band (see text for 
details). Dust lanes and patches appear as white and light grey. Bright stellar 
associates and spiral arm segments are dark grey or black. The nuclear region of M31 
is not re~esented accurately due to plate saturation. (Bottom): The integrated HI 
map from Brinks and Shane (1984) at the same scale and orientation. Notice the 
striking correlation between HI and dust features. 
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emission is apparent, down to the smallest scales. Using the multi colour maps, a 

quantative analysis of the relation between extinction and HI column density will be 

made in the near future. 
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DISCUSSION 

J.-L. Nieto: What is the size of the sky on your plates relative to the size of the 
galaxy? In other words, what is the accuracy that you estimate for your sky 
determination? 

R. Walterbos: About 50% of the region that we scanned is available for background 
fitting. From the residuals in the region where the fit is based on, and from 
comparisons between different plates in the same band and comparisons between our 
photometry and published photoelectric data, we estimate the error in sky to be 0.01- 
0.02 in density. 

D. Carter: Have you compared the variations of the background you fit underneath the 
galaxy with what you expect from vignetting, scattering and differential 
dehypersensitisation? 

R. Walterbos: For plates in the V and R hands the gradient due to the galactic 
background dominates the sky nonuniformity. The background fit for B plates 
qualitatively looks like what one would expect from vignetting and 
dehypersensitisation, but a detailed comparison is not possible, because the 
dehypersensitisation variation is not known and likely varies from plate to plate. 
Scattered light is important below about ~B = 26-26.5 (only along the minor axis). 

B. Elmegreen: The correlation between HI and dust cannot be as good as you seem to 
indicate because the gas on the far side of the spiral arms should not appear as 
prominent dust features, and the dust clouds containing molecules should not 
necessarily appear as strong HI features. How much have you studied this correlation 
in detail, on a cloud by cloud basis? 

R. Walterbos: We only report what we see. So far, in M31 CO emission has only been 
detected in places where there is a lot of HI. The dust on the far side is indeed not 
as clearly seen as on the near side, and our dust picture is not a direct measure of 
the amount of dust. We will do a detailed quantative analysis of the °correlation 
HI/dust in the near future. 
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ESO, Karl-Schwarzschild-Strasse 2 

D-8046 Garching, F.R.G. 

INTRODUCTION 

Recently a high resolution survey of Messier 31, the Andromeda galaxy, 

was completed in the 21-cm line of neutral hydrogen (Brinks 1984; 

Brinks and Shane 1984). The angular resolution of As × A6 = 24" × 36" 

corresponds at the distance of M31 to a linear resolution of 80 × 120 

pc. The velocity resolution measures 8.2 km s -l. With this resolution 

the HI can be studied in detail comparable with that available for 

studies of the Milky Way galaxy, but from a more advantageous 

perspective. This has led to the detection of structures in the 

interstellar medium which can best be referred to as HI holes. These 

holes are characterized by an absence of HI, they have dimensions 

varying typically from i00 pc to 1 kpc, and they appear roughly 

circular on the HI maps. This latter fact indicates that their three- 

dimensional shape is roughly spherical. 

The HI holes in M31 show a clear resemblance to the HI shells and 

supershells which have been found in our Galaxy by Heiles (1979), and 

to the superbubbles in the LMC described by Meaburn (1980). More 

recently HI shells of the same kind as found in M31 are also seen in a 

WSRT survey of M33, done with a comparable resolution (Deul, private 

communication). This leads to the conclusion that HI holes seem to be 

quite a common phenomenon in spiral galaxies. 

RESULTS 

We have systematically searched the M31 data set for HI holes and 

determined their characteristics. This search was done much in the 

same manner as the search described by Heiles for the shells in our 

Galaxy, i.e. by inspection of the single channel maps. After 

identifying the location of each hole, more detailed maps were made, 

such as position-velocity maps through the centre of the hole and 

various cross-cuts, which were used to measure its properties. We 
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recorded its position, the velocity of the channel map at which it was 

seen most clearly, and the average brightness temperature of the 

surrounding HI. We also assigned a quality factor to each hole. The 

hole is furthermore fitted by an ellipse to determine its size and 

orientation. From the position-velocity maps we could, for 80% of the 

holes, derive an expansion velocity. 

The observed properties can be used to derive properties like the 

indicative age, the energy required to produce a hole, and the mass 

which is estimated to be absent at the position of a hole. The results 

can be represented in graphical form. Figure 1 shows the radial 

distribution of the holes in M31. For comparison the HI column 

density, OHI" as a function of radius is plotted, derived by averaging 

the total surface brightness maps in rings in the plane of the galaxy. 

The radial distribution of the holes follows the HI distribution and 
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peaks around I0 kpc. Figure 2 gives the size distribution of the 

holes. The steep drop below I00 pc is caused by the resolution limit 

of our survey. The expansion velocities peak sharply around 12 

km s -I. This is illustrated in Figure 3 which shows a histogram of the 

measured values. 

Based on the measured size and expansion velocity one can define an 

indicative age for each hole which is merely the ratio of these two 

values. The ages derived in this manner should not be considered as an 

absolute value for the age of an individual hole but they provide an 

indication, in a statistical sense, for the time scales involved. The 

results are plotted in Figure 4. The ages run from about 2.5 to 

30 106 years, covering ZAMS lifetimes of stars which range from 

spectral type 05 to B0. The last two figures, Figure 5 and 6, show the 

frequency distribution of the amount of HI which is absent from the 

location of the hole and the amount of energy which is typically 

needed to produce a hole. These energies range from the equivalent 

energy of one supernova event for the smaller holes to many super- 

novae, or perhaps a more copious energy source, for the larger ones. 
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DISCUSSION 

B. Elme~reen: Your contour plots for holes appear elongated. Is this 

corrected for galactic inclination? Are the holes elliptical in the 

plane? Does the tilt of the ellipse make sense with respect to the 

direction of shear? 

E. Brinks: The contour map shows the outline of the HI holes as they 

were measured on the individual channel maps without any correction 

for the beam of the telescope or the inclination of the galaxy. Be- 

cause the intrinsic three-dimensional shape of the holes is unknown it 

is not possible to correct the observed shape for the inclination of 

M31. About the effect of shear on the holes, the only statement which 

I can make at this moment is that the holes at larger galactocentric 

distances seem to be rounder, possibly due to less shear. 



HIGH RESOLUTION CO OBSERVATIONS IN M31 

F. Bou]anger (1'2), J. Bystedt (3), F. Casoli (I), F. Combes (I) 

(I) Ecele Normale Sup~rieure, Paris Ve 

and Ohservatoire de Meudon 92190 Meudon, France 

(2) Kapteyn Lalx~atory, Pestbus 800, 9700 AV, Groningen 

(3) Stockholm Ohservatorium, Saltsjb'baden, Sweden 

Abstract : CO observations towards M31 made with the Onsala 20m telescope, reveal 

a high degree of inhomogeneity of the emission on the 100 pc scale. When comparing the CO 

observations made towards the same spiral arm but with lower resolution, two kinds of 

emission appear : with the small beam (33") we detected a narrow and bright component, 

corresponding to giant molecular complexes ; a fainter and broader emission appears only at 

low resolution, or when adjacent spectra are averaged. This wider emission is interpreted as 

coming from a lot of small clouds spread all over the beam and thus sharing all the velocities 

expected from the HI emission. 

]~ /ntroduction and observations 

The large scale d~'on of molecular clouds in our galaxy is di6Hcult to study 

because of distance ambiguities, velocity perturbations and blending of different features. It is 

therefore of great interest to observe nearby spiral galaxies in the CO line. With the limited 

resolution of present millimeter wave single dish telescopes, the nearest spiral galaxy Messier 

31 is the best candidate for this study. This galaxy was first observed in CO by Combes et al 

(1977 a, b), who ohse/ved the global did'on along the major axis. Boulanger, Stark, 

Combes (1981, BSC), and Linke (1981) obtained a complete CO map of a large HI complex in 

the South-Eastern part of the galaxy, with the Bell Labs 7 m telescope ~esolution 1.7' at 115 

GHz). 

Here, we present new observations of this region made with the Onsala Space 

Observatory 20 m telescope, which has a resolution of 33" at 115 GHz, corresponding to a 

linear size of i00 pc along the major axis of M31. The observations were performed during 

March 1984. The single sideband receiver temperature was 380 K. The pointing was accurate 

within 5" r.m.s. We used a 512 x 1 MHz f/iter bank ; which gives a resolution in velocity of 

2.6 km/s. We observed 24 points, with a spacing of 30". Their positions are shown 

supeximposed on the integrated HI emission observed with the Westerbork interferometer 

(Brinks and Shane 1984) in figure I. Each of the points was observed for at least 3 hours, 

yielding a typical r°m.s, noise level of i00 mK in the 1 Mhz channels. 
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T[ Results and Disc~on 

Some of the spectra are displayed in Figure 2. The emission within the spiral arm is 

very inhomogeneous, on the scale of i00 pc, while the atomic gas distribution is much 

smoother. The C 0 and HI lines velocities are the same within the HI velocity resolution (8 

km/s). To deduce the C 0 column densities and the H 2 masses, we use a ratio NH//T A (12 

CO) dV = 5 1020 cm-2/(K.km/s) which is within the currently adopted values. The H 2 masses 

within one 33" beam are then obtained between 2 and 3 105 Me, in the center of the spiral 

arm. Outside the central part of the spiral arm, we can set a limit to the H 2 mass of a few 

104M® : giant molecular complexes are not ~ e d  in the interarm regions, since their 

emission would be well above our sensitivity limit. 

The main features observed towards the center of the spiral arm have a linewidth of 

15-20 km/s (velocity dispersion 6-9 km/s r.m.s.) and are brighter ~n antenna temperature that 

the emission observed with lower resolution (Bell Labs spectra of 1.7' beam). In the latter, the 

diluted bright component is associated with a wider (40 km/s) and fainter emission. The 

velocity spread of this "diffuse" component is similar to the HI emission and could come from a 

large number of small clouds spread all over the spiral arm. Since the bright and narrow 

emission seems extended relative to the 33" beam, we deduced a mean size for the giant 

complexes between i00 and 200 pc. The fact that these complexes seem equally extended 

along the major and minor axis, though the projection factor along the minor axis multiplies 

the distances by a factor 5, means that the height above the plane of the complexes are of 

the same order (100 pc) as their size. In each spectrum where are observed the complexes, 

they always appear at the same radial velocity which supports the hypothesis of their forming 

one entity. 

Physical properties of the Giant complexes : Within the I00 pc scale complex, it is 

possible to select in velocity the HI emission associated with the molecular one. The 

corresponding mass is M (HI)/M(H 2) = 0.4. With a total mass of 1.4 106 Me, the gray/rational 

energy of the complex can be estimated at 4 1051 ergs. Since the kinetic energy associated 

with the turbulent motions present within the complexes is E C = 2-5 1051 ergs (for a velocity 

dispersion of 6-9 km/s), the whole complex is gravitationally bound within the uncertainties on 

the derivation of the masses and the geometry of the cloud. 

The mean density of the complex, estimated from the column density 2 1021 H 2 cm -2, 

and a line of sight of _ 100 pc, is found to be: 7 H 2 cm -3, lower than the average density of 

GMC in our own Galaxy : 50-100 H 2 cm -3. This suggests a larger dilution factor for the 

molecular clumps in the complex, or different physical properties for the clouds themselves. 

Figure 1 : The observed points are represented by crosses (23" in size) and the CO 

detections by circles on this integrated HI emission map from Bzinks and Shane (1984). The 

dL~play of the HI[ regions detected in H ~, by pellet et al (1978) shows that no giant HI[ region 

is associated with the C O emission. 
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I[[- Conclusion 

We have detected two kinds of CO em~on in the Southern spiral arm of M31 : f/rst 

a broad velocity and spatially extended component, corresponding to a smooth background of 

small mass clouds ; second, narrower bright components just resolved by the 33" beam, emitted 

by giant complexes of size I00 pc and mass 106 M®. These complexes are associated with the 

HI emission peaks and appear to be gravitationally hound. They must be short-lived to account 

for their absence outside the arms. 

Onsala Space Observatory is operated by Chalmers University of Technology, 

G~teborg, with financial support from the Swedish Natural Science Research Council (NFR). 
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DISCUSSION: 

B. Elmecjreen: Could you detect an Ozion type H]I region in the giant mdec~11ar cloud you have 
found? 
F. Combes: No, it would be embedded in the cloud (for Ho( ) and too weak to measure in radio. 



MORPHOLOGICAL INVESTIGATION OF ELLIPTICAL GALAXIES 

S. Djorgovski I, M. Davis I, and S. Kent 2 

i) Astronomy Department, University of California, Berkeley, CA 94720, USA 

2) Harvard-Smithsonian Center for Astrophysics, Cambridge, MA 02138, USA 

ABSTRACT: We describe the two large surface photometry surveys of elliptical gala- 

xies, completed at Mt. Hopkins and Lick observatories. These comprise the largest 

such surveys of early-type galaxies to this date, and will provide us with a large 

set of uniform quality data for a variety of statistical and dynamical studies. We 

discuss briefly some results from the Mt. Hopkins survey. 

In the recent years, there was a marked increase of interest in the family of 

elliptical galaxies. Paradoxically enough, the amount of good-quality spectroscopic 

information has greatly exceeded the amount of existing ~ood-quality morphological 

information about these objects, and what is available is too heterogeneous to be 

useful for most studies of interest. In order to bridge this gap, we conducted two 

large CCD surface photometry surveys of early-type galaxies. We think that it is 

important to have a statistically large sample of data of good and uniform quality. 

The first survey covered some 40 semi-randomly selected ellipticals, all with 

BT<I4m. The data were obtained with the Mr. Hopkins 24-inch telescope, and an RCA 

CCD, in the Gunn ~ bandpass. Some of the data, methods of reduction, etc., are pre- 

sented in Kent (1984). The early results were reported by Davis, Djorgovski & Kent 

(1983), and the complete discussion will appear shortly in a full paper. This was a 

pilot-project for the larger survey, completed subsequently at Lick Observatory 

(Djorgovski & Davis 1983). The Lick survey covered some 200 elllptleals and some 50 

lentieulars. All galaxies were selected from the CfA redshift survey lists, and 

consequently all have the spectroscopic information: recession velocities, velocity 

dispersions, and line strengths. All galaxies have BT~I4m , and -25=<~<70 °. We have 

a complete sample of some 150 ellipticals with ~>0 ° and IbllI>30°; outside these 

limits, the survey is incomplete, but completeness-controlled. The sample of lenti- 

culars is semi-randomly selected within these limits. The data were obtained with 

the Lick l-m Nickel telescope and TI and GEC CCDs, in a red bandpass similar to r. 

The coverage is up to ~i00 arcsec in radius, and down to B~24 in the r (correspon- 

ding to ~~25-26 in the B band). 
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For each galaxy we obtain the following profiles as functions of the semi-major- 

axis: surface brightness, ellipticity, position angle, elliptically and circularly 

summed magnitudes, and deviations from the ellipticity (e.g.~ "boxedness" of the 

isophotes). Those profiles can be parametrized, so that one has only a small number 

of variables describing each galaxy, e.g., fiducial surface brightness, ellipticity, 

ellipticity gradient, isophotal twist rate, steepness (concentration) of the light 

profile, etc. The error-bars are carefully evaluated for all quantities. 

It is necessary to establish some fiducial radial scale for the measurements of 

representative quantities. One possibility is to fit a de Vaucouleurs' r I/4 profile 

to the surface brightness data, and use r e from the fit. However, this assumes that 

all ellipticals can be fitted well with the r I/4 law, which is not the case. [Note 

that a half-light radius cannot be determined satisfactorRy, since we never know the 

total apparent magnitude of a galaxy.] An alternative, model-independent Way to 

establish a metric radial scale is to use Petrosian's (1976) ~ function. Operatio- 

nally, this function can be defined as a ratio of the local surface brightness and 

the mean surface brightness above that isophote: 

B(r) = SB(r)/<SB> r , N(0)=I, ~(=)=0. 

We can then use the radii (semiaxes) at which ~=0.3, 0.4, etc. This method is very 

convenient, since it is given by the profile itself, and it does not depend on the 

surface brightness intensity scale. 

The immediate scientific goal of these surveys is to search for the minimal 

manifold of elliptical galaxies, that is, to find all the statistically significant 

variables which determine ellipticals as a family (see, e.g., Tonry & Davis 1981, 

Terlevich et al. 1981, or Efstathiou & Fall 1984). For this purpose we include both 

the spectroscopic (velocity dispersion, line strengths) and morphological informa- 

tion. A suitable statistical technique is the principal component analysis (PCA), 

which gives as a by-product all the correlations (and lacks thereof) present in the 

data. However, in order to apply this technique correctly, several conditions must 

be satisfied: (I) the selection effects must be well-known and under control; (2) 

the data set should be a multivariate Gaussian; (3) the relations between the input 

variables (measurements) and principal components must be linear; (4) the input 

variables must be scaled correctly. The last point is important: we think that the 

best scaling is by the measurement r.m.s, error-bars. Thecommonly used scaling by 

the sample variance is not necessarly the appropriate choice, in particular if there 

are selection effects present. In our version, the eigenvalues are automatically 

expressed as their statistical significance; if an eigenvalue %i=n, then it is "n-o" 

significant. It is not clear that any of the previous studies which employed the 

PCA satisfied the above requirements. Our Mt. Hopkins survey suffers strong selec- 

tion effects, and thus we do not take its PCA results very seriously. All that we 
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can say at this moment is that the ellipticals are at least a two-parameter family. 

We will have to wait for the analysis of our Lick survey to be finished, before ma- 

king a more quantitative statement. 

Another scientific goal is to try to narrow the scatter of luminosity-velocity 

dispersion and luminosity-line strength relations. The observed scatter exceed~s by 

far the error-bars, and is presumably due to the presence of "hidden parameters". 

If one can improve on these relations, the ellipticals (and lenticulars?) may become 

competitive "standard candles" for the mapping of the Local Supercluster velocity 

field, complementary to the use of Fisher-Tully relation for the spirals, sO far, 

we have had a very limited sucess in this venture -- the cause of the scatter is 

still unknown. 

Other applications include: investigation of 3-dimensional shapes of ellipticals 

by using the ellipticity gradients and isophotal twists information; possible impro- 

vement in determination of M/L ratios; structure of galactic cores, through seeing 

deconvolutions or modeling of seeing effects (Djorgovski 1983); dynamical modeling 

of those galaxies for which there already exists detailed kinematical information; 

cluster vs. field morphological differences, and mutual distortions in elliptical 

galaxy pairs; a search for subsystems in ellipticals, e.g., incipient disks, dust 

lanes, etc.; and possibly some other projects. 

We will address here briefly two simple results from the Mt. Hopkins survey. 

Figure I shows a plot of surface brightness measurements at two different fiducial 

radii. If all the ellipticals had the same surface brightness intensity scale and 

the same profile shape, all the points should fall together on this graph. If we 

allow for a spread in intensity scale zero-points, this set will degenerate into a 

45 ° line. If we also allow for the differences in profile shapes, there will be a 

spread around that line. This is exactly what is observed. The spread in the sur- 

face brightness is some 4m-5m; such surface density variations are of direct impor- 

tance to the theories of elliptical galaxy formation (see, e.g., Silk 1983, or Wyse 

& Jones 1984). Another implication is that the isophotal magnitudes provide a bia- 

sed estimate of galaxian luminosity. The scatter around the 45 ° line is due to the 

differences in profile shapes, and it amounts to -i m. This suggests that one cannot 

rely on the use of "standard" magnitude curves of growth, a method commonly used to 

determine galaxian luminosities and radii from the photoelectric aperture photometry 

measurements. 

Another simple fact is that the light profiles have different shapes. Therefore, 

they cannot all be represented by any formula which does not allow for a shape para- 

meter~ e.g., Hubble or de Vaucouleurs laws. King models do have a shape parameter, 
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but they do not fit all ellipticals either. There is little systematic effect here, 

although there is a slight tendency for more luminous galaxies to be fitted better 

by the r I/~ law, and for the less luminous ones to be fitted better with King models 

(this was also indicated by Binggeli et al. 1984). When fitting the profiles, it is 

important to plot the residuals, as in Figure 2; almost anything looks linear when 

stretched on a log(SB) vs. r I/4 plot! Since none of the common fitting profiles has 

any substantial physical backing in the terms of galaxy dynamics and structure, it 

would be a mistake to ascribe any physical meaning to deviations from such empirical 

and approximate formulas, as it was done ocasionally in the literature. All that 

can be concluded is that de Vaucouleurs, King, or Hubble profiles do not fit all the 

elliptical galaxies. Similarly, it may be misleading to state that a galaxy has a 

luminosity spike in the center, if it shows an excess of light over the seeing-con- 

volved de Vaueouleurs profile. We just do not know how to describe adequately the 

light profiles for the whole family of elliptical galaxies, but we may learn soon. 

This work was supported in part by the NSF grant AST81-18557 to M.D., and the 

University of California Moore Fellowship and the AAS travel grant to S.D. 
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DISCUSSION: 

D. Carter : Most isophotal magnitudes are quoted to isophotes of 26-27 mag/sq.arcs, 

much fainter than the characteristic surface brightness which you plot. Errors in 

the isophotal magnitudes will depend only upon the surface brightness profile below 
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this level, which is impossible to determine from small field CCD images. 

S. Djorgovski : It is true that our data do not go as far as ~-26-27, so we cannot 

make any explicite statements about the magnitudes measured at that level. However, 

I expect the behaviour to be similar to what we do observe at the lower radii. Even 

if one has two galaxies with identical profiles, but different intensity zero- 

points, isophotal magnitudes would provide a biased estimate of their luminosity 

difference. I think that it is better to use profile-determined metric apertures 

for photometry. 

M. Capaccioli : It is clear that effective parameters in elliptical galaxies may 

have large errors, because of the peculiar nature of light profiles. 

S. Djorgovski : I agree. I think that it is better to use the profiles directly, 

than to force a fit to an inappropriate formula. 

R. Terlevich : You mention measurements of velocity dispersions and line strengths. 

What is the source of those measurements? 

S. Djorgovski : At the moment, we are using the measurements from the CfA survey. 

Perhaps we will be able to use some better measurements in the future, e.g., those 

from your collaboration. 

J.-L. Nieto : I guess it is clear to everyone now that any analytical formula (de 

Vaucouleurs' law or King models) cannot fit perfectly every elliptical profile. Two 

parameters are certainly not sufficient, but as soon as one more parameter is added 

in an analytical formula, all these parameters are correlated. Elliptical galaxies 

are more complicated than that: for instance, they may have photometric or dynamical 

subsystems. 

S. Djorgovski : I agree completely. I think that to search for a single empirical 

formula describing all elliptical galaxies may be a vain venture. Perhaps some 

multidimensional scheme would work. In any event, it is important to regard the 

variety of radial light profile shapes globally, for the whole family of elliptical 

galaxies. 



A COMPARISON OF THE ELLIPTICITY PROFILES OF E AND SO GALAXIES 

R. Michard 

Observatoire de Nice 

B.P. 139, F-06003 NICE CEDEX, FRANCE 

Ellipticity profiles, that is the run of the ellipticity s of the isophotes against 

their semi-major axis, have been studied from original observations (Michard 1984) 

and litterature data (Liller 1960,1966, Leach 1981, Strom et al. 1978, di Tullio 

1979). Special attention was given to galaxies of significant apparent flattening, 

i.e. flatter than S0(3) or E3. 

For such SO galaxies the s-profile is generally found to contain an initial increase, 

a flat maximum and a final decrease of s at low surface brightness (in a few cases 

the outer decrease is not observed). Such typical s-profiles are supposedly due to 

the presence of two components, a disk and a more roundish bulge, with the flatter 

component dominating the geometry of the isophotes at intermediate radii. 

It has been found that the same forms of E-profiles, that we call "SO-like", are 

also typical of elliptical galaxies flatter than E3, while for more roundish objects, 

the s-profiles show random (?) trends. The proportion of SO-like s-profiles is 100% 

for a subsample of 14 well observed nearby flat E objects of the northenlhemisphere, 

73% for flat E objects in the Coma cluster (Strom et al. 1978), while it falls to 

54% for such objects in di Tullio (1979) sample. 

This observed analogy between SO and "flat E"galaxies may suggest that elliptical 

galaxies also are two components systems, although their flatter component is 

clearly less prominent (less bright ? less flat ? less large ?) than the disk of 

SO galaxies. Suc~h a possibility has often been mentionned in the litterature. 

And since the bulges of SO are clearly oblate structures, with their short axis 

nearly coincident with the axis of the disk, the present E-SO analogy may also 

favor oblateness as the normal form of E galaxies. 

This work is published in more detail in Astron. Astrophys. (in press). 
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DISCUSSION 

M. Capaccioli : How does the result of your fine analysis depend on the assumptions 
about the true stage of ellipticals ? In Qther words, what happens if they are 
triaxial or multisystem objects ? 

R. Michard : My results suggest that E galaxies possibly are multi-component objects 
like SO. On the other hand the triaxiality, or other departures from axial symetry, 
is needed to explain the twists of isophotes observed in both E and SO galaxies. 

S. Djorgovski : To pursue Dr. Capaccioli's point a little further, you can make some 
empirical tests in your data : for the triaxial sy>tems, there should be a correla- 
tion between the ellipticity gradients and isophotal twist rates; on the other hand, 
for the elliptical (biaxial) systems with a disk component superposed, there should 
be significant 4 ~ residuals around the best fit elliptical isophotes. 

R. Michard : I agree. 

G. Galetta : In addition to the four ellipticity profile you mentioned, i.e. 
constant, increasing ellipticity with the radius, decreasing and peaked, there are 
some elliptical galaxies which show a fifth type of profile, with lower ellipticity 
at intermediate radius and more flat both in the inner than in the outer parts. 

R. Michard : My point was to show that the "peaked" profiles become nearly the 
rule for galaxies flatter than E3. It is my feeling that this 5th type is scarce, 
and not found at all among the flat galaxies. 



THE LENTICULAR NGC 3115: A STANDARD FOR GALAXY PHOTOMETRY 
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NGC 3115, a well known bright lenticular galaxy seen edge-on, is an ideal candi- 

date for surface photometry studies due to its proximity and absence of close promi- 

nent companions. For these reasons it has been a classical target from the beginning 

of extragalactic astronomy (see references in Davoust and Pence, 1982). NGC 3115 

was also selected as a photometric standard for its morphological class by the Working 

Group on Galaxy Photometry and Speetrophotometry of IAU Commission 28. Strange enough, 

since then few photometric studies were published though the flourishing of the ki- 

nematical investigations (Rubin et al. 1980; Illingworth and Schechter 1982). Strom 

et al. (1977) sampled the main axes giving photoelectric V-magnitudes integrated 

through 30" apertures. Their results are in good agreement with a similar work by 

Miller and Prendergast (1968). Tsikoudi (1979) produced an extensive 2-D study based 

on B and V plates from several telescopes. She gave isophotal parameters and light 

profiles along the main axes from the very inner region to a distance where p = 28 

B-mss. The reliability of this investigation, however, was questioned by Burstein 

(1979) who found a strong disagreement with other lenticulars studied by Tsikoudi. 

Therefore we thought it worthwhile and timely to produce an independent 2-D 

study of NGC 3115 taking advantage of the best possible material. Our approach was 

along the line adopted by de Vaucouleurs and Capaccioli (1979) and Nieto (1983) for 

another standard galaxy, the elliptical NGC 3379. We report here on the progress of 

such a work, which so far concerns the B-band only. 

In order to map the inner regions we took advantage of the superb resolution of 

the CFH telescope. The outer regions, instead, were covered with two pairs of very 

deed plates taken with the ESO and UK Schmidt telescopes respectively. More details 

are given in Table I. Our calibrated plate material was scanned with the PDS micro- 

densitometer of ESO at Garehing and reduced with the INMP, a software package designed 

for surface photometry at the Padova Observatory (see Capaccioli et al. 1984). The 

zero point of the photometric scale was derived by comparing the sky-subtracted in- 

tensity maps of the CFH plates (Figure I) to 39 integrated magnitudes through cen- 

tered apertures listed in Longo and de Vaucouleurs (1983). The overexposed Schmidt 

plates were then shifted to match the CFH plates in the overlapping range. 

The internal consistency was estimated by the ratios of pairs of intensity 

frames. It turned out that, in the useful interval (~ > 22 B-mss) and irrespective 

to the telescope, Schmidt material compares within a maximum standard error of 0.2 

mag down to the level of D = 28 B-mss. CFH plates are more difficult to compare due 

to seeing; however, in the range from 15.5 to 23 B-mss, they give a standard error 

of 0.05 mag. In the comon range Schmidt and CFH profiles agree within 0.05 mag. 

Once the position angle of the major axis was found by interpolating the outer 

isophotes with ellipses, light profiles along both main axes were produced for each 
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Figure I. Isophotes of the central 

part of NGC 3115 from CFH plate No. 

1002. The frame cover 7.1 arcmin. 
The thin structure of the disk is 
apparent. 

TABLE I. Plate Material for NGC 3115 

Plate No. Telescope Scale Exposure Emulsion 

("/mm) (min) 

J 7558 UK Schm. 67.1 32 llla-J 

8323 uK~Schm. 67.1 65 llla-J 

B 5479 ESO Schm. 67.5 90 IIa-O 

B 5491 ESO Schm. 67.5 90 IIa~O 

IOO0 CFH 13.9 20 IIa-O 

iO01 CFH 13.9 5 IIa-O 

1002 CFH 13.9 50 IIa-O 

1003 CFH 13.9 5 IIa-O 

intensity frame and then combined removing unreliable data. Results, presented in 

Figure 2 in graphical form, are not seeing corrected; they cover an interval of 12.5 

mag corresponding to about I0 arcmin. Figure 3 reports the magnitude rediduals of our 

major axis light profile to that of Tsikoudi (1979) in the same band; no zero point 

adjustment was made. It is apparent a disagreement which becomes particularly promi- 

nent for all ~ > 24 B-mss; the tendency of Tsikoudi's values to be fainter than ours 

does not confirm quantitatively the trend found by Burstein (1979). 

The same Figure 3 reports the comparison with Miller and Prendergast (1968) and 

Strom et al. (1977); for the latter study the constant value of (B~V) = 1.0 was ap- 

plied. The magnitude residuals refer to integrated values through the right apertures 

computed on an average intensity map from the four Schmidt plates. There is a clear 

gradient in the residuals indicating that our data run fainter than the others out- 

wards; we are still trying to interpret this difference. 

We wish to thank the Directors of ESO and UKSTU for the generosity in providing 

one of us (MC) with the Sehmidt material. 
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Figure 2. Combined B-band light profiles along the main axes of NGC 3115. Crosses 

are mean values from CFH plates uncorrected for seeing; squares are from Schmidt 

material (see Table i). 
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Figure 3. Magnitude differences of our major axis light profile to Tsikoudi (1979: 

crosses), Miller and Prendergast (1968: full squares) and Strom et al. (1977: open 

squares), plotted as a function of distance to center in arcsec. No zero point ad- 

justment was made. Strom et al. data were transformed to the B-band by adding a 

constant (B-V) = 1.0 mag. 
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DISCUSSION 

F. Schweizer : A deep IIIa-J plate in the ultraviolet taken of NGC 3115 at the KPNO 

4 meters telescope shows faint structures that cross the major axis and look like 

spiral arms. Do the two humps on your residual profile from an r I/4 law along the 

major axis coincide with such arms? 

E. Held : We have not yet looked at that. 

A. Lauberts : I assume that you propose this galaxy being a standard to be used by 

the community. It would be Very useful to publish the data in a standardized form, 

like circular aperture simulation. Do you agree? 

E. Held : Yes, I agree. 



DUST IN ELLIPTICAL GALAXIES - HOW OFTEN, HOW MUCH? 
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ABSTRACT: We report results showing that dust-lanes are a common 

feature of nearby elliptical galaxies. About 40% of ellipticals have 

dust-lanes with diameters of a few kpc and dust masses of i0~-i06 M®. 

This result has some possible consequences for galaxy surface 

photometry, since dust-lanes too small to be seen on photographic 

plates may produce both "twisting" of inner isophotes and off-centre 

nuclei. 

In this contribution, we are concerned with two specific questions 

about dust in elliptical galaxies. Firstly, is it common? Secondly, 

how much dust is likely to be present? As it turns out, the first 

question can be answered by a simple examination of sky atlas plates; 

while the second requires the use of calibrated surface photometry for 

which a CCD is very useful. 

Many dust-lane ellipticals are well-known, Centaurus A (NGC 5128) 

being a famous example, and galaxies of this kind are interesting for 

a number of reasons. Dust-lanes are a useful probe of the true shape 

of ellipticals (van Albada, Kotanyi and Schwarzschild 1982; Tohline, 

Simonson and Caldwell 1982), the appearance of at least some suggests 

that they may be the result of a merger (Graham 1979, Schweizer 1980) 

and there is also a suggestive correlation of dust with both the 

presence and orientation of non-thermal radio sources (Kotanyi and 

Ekers 1979, Sadler 1982). It is therefore of interest to know whether 

we are dealing with something rare and exotic, or whether a dust-lane 

is a rather common feature of early-type galaxies. 
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An obvious way of estimating the frequency of dust-lanes is to 

take a complete sample of galaxies, count the number in which dust is 

visible and divide this by the total. This attempt fails, however, 

because of a strong selection effect due to resolution - we only 

recognize a dust-lane on a Schmidt plate if it is either very strong 

or very nearby. What we have done, therefore, is to select from a 

magnitude-limited sample of ellipticals (Sadler 1984) a size-limited 

subsample of bright, nearby galaxies with the criterion a.b > 4.0 

arcmin 2 (where a and b are the major and minor axis diameters 

respectively). Of the 44 galaxies in this subsample, i0 (23%) have a 

dust-lane visible on the ESO(B) sky survey plates. Since a dust-lane 

is more easily seen when edge-on than face-on, and since we find 

empirically that we observe only dust-lanes with inclinations between 

0 ° (edge-on) and 35 °, i.e. about half the total available solid angle, 

we multiply the observed fraction of dust-lane galaxies by a factor of 

two to account for projection effects. This implies that about 40% of 

nearby ellipticals contain a dust-lane on the scale of a few kpc once 

the effects of resolution and projection are accounted for. Thus dust 

is a common, rather than an exotic feature of normal early-type 

galaxies. 

CCD surface photometry in two or more colours provides a powerful 

method of revealing dust in galaxies. Figure 1 shows a B-R colour map 

of the central region of IC3370, a nearby elliptical galaxy. It 

reveals very clearly the presence of a small (i0" × 2") nuclear dust- 

lane which is invisible on photographic plates. Figure 2 shows 

profiles in B and B-R along a line perpendicular to the dust-lane. The 

combination of absorption in B and steep reddening in B-R defines the 

"signature" of a dust feature and confirms that the reddening in 

figure 1 is due to absorption rather than, for example, an excess of 

red stars. Given the approximate size of the dust-lane and the mean 

absorption in B, A B (both of which can be measured from CCD 

photometry), and assuming the dust is similar to that in our own 

galaxy, it is possible to estimate a lower limit for the total mass of 

dust in nearby dust-lane ellipticals. This ranges from about 2 × i0 Y 

M~ for Centaurus A to about 2 × I0 ~ M® for IC3370. A dust-lane barely 

visible on a Schmidt plate has a mean absorption of 0.2 to 0.5 mag. in 

B, depending on its structure, and this corresponds to a dust mass of 

about 2 × 104 M® at 25 Mpc for a minimum dust-lane area of 50 

arcsec 2 . 
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Figure I: B-R map of IC 3370, showing the central dust-lane. 
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Figure 2: Frofiles in B and B-R through the nucleus of IC 3370. Note the asymmetry 
in B at the position of the dust-lane (vertical line). 
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We therefore expect that many elliptical galaxies contain dust 

patches or dust-lanes too small to be recognized on a photographic 

plate, so that the above estimate of 40% could be substantially 

increased when higher resolution observations of ellipticals become 

available. In the case of IC3370, the central dust-lane produces both 

"twisting" of the central isophotes and an off-centre nucleus. True 

twisting and the effects of dust may be distinguished easily by two- 

colour photometry. Since most surface photometry of ellipticals has 

been done in a single band only, it remains to be seen how many 

"isophotal twists" are really due to dust. Surface photometry of 

elliptical galaxies has traditionally been done on the assumption that 

they are free of internal absorption, but in many cases this 

assumption must now be considered unrealistic. 

A more detailed description of some of this work appears in 

another paper (Sadler and Gerhard 1985), where we also discuss 

classification problems for dust-lane galaxies. 
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DISCUSSION: 

G. Galletta : Is there always (in your sample) a reddening of the 

galaxy in correspondence with the dust-lane? 

E. Sadler : The presence of a dust-lane seems to have only a small 

effect on the overall galaxy colours. Certainly there are galaxies 

such as NGC 5266 which have a strong dust-lane but are nevertheless 

bluer than many "normal" ellipticals. 

R. Terlevich : Two questions: (1) Do you have a suggestion on how to 

proceed in order to detect extended and diffuse dust distribution? (2) 

What would be the typical amount of extinction expected in the IUE 

wavelength range? 

E. Sadler : (i) The observations which I described can only detect 

dust which has a well-defined structure, such as a disk or ring. I 

think the detection of diffuse dust, if it exists, is difficult 

because unless the amount of dust is very large there will not be much 

reddening of the galaxy colours. (2) The mean absorption in the IUE 

wavelength range is about twice AB, so the expected UV extinction 

would be 0.5-2 magnitudes in a typical dust-lane. 

J.-L. Nieto : A detection rate of 40% is certainly a lower limit, 

since an improvement in the resolution of the data yields new dust- 

lane obj%cts: for instance NGC 6251 (Nieto et al., 1982), NGC 6702 

(Capaccioli et al., 1984, IAU Colloquium 78) and NGC 1199 (Nieto et 

al., this colloquium), observed for completely different purposes. 

Some galaxies, though, resist very much, like M87 for instance. 

E. Sadler : I agree with you that better resolution will enable us to 

find more and more dust-lane galaxies. 

M. Capaccioli : In our sample of UV spectra of E galaxies, there is 

only one object with the clear signature of dust, namely NGC 4374 

(M84) which has a well-known and prominent dust-lane crossing the 

nucleus. The attempt to remove the 2300 A feature with the standard 

extinction curves gives an extremely high UV excess for the object, 

even larger than that in M87 or NGC 4649. 
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E. Sadler : The differential absorption across the 2300 A feature is 

about ½ AB, i.e. 0.1-0.5 magnitudes for most of the dust-lanes we 

observe, and this is too small to produce a clear feature in the UV 

spectrum. We have made the assumption that the dust in elliptical 

galaxies is similar to that in our own (spiral) galaxy but this may 

not be correct since the physical conditions are quite different and 

this may affect, for example, the distribution of grain sizes. At 

least one dusty elliptical (IC4320; Warren-Smith and Berry, 1983) is 

known to have an extinction curve different from that of our galaxy. 

S. Djorgovski : There have recently been two surveys for emission 

lines in the central parts of elliptical galaxies, with detection 

rates similar to yours (40%). Did you try to correlate the presence of 

dust with emission line activity? 

E. Sadler : Yes, I was involved in one of those surveys. Our 

observations included twenty-one galaxies with dust-lanes, and all but 

one of these showed emission lines of Ha and/or [NII]. Therefore there 

seems to be a strong association of dust and ionized gas in these 

galaxies. 



LILLER'S PHOTOMETRY REVISITED 
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I. Introduction 

Correlations between photometric and geometric parameters are currently used to inves 

tigate the intrinsic shape of elliptical galaxies. Data come either from large com 

pilations (e.g. RC2; see applications in Marchant and Olson, 1979, and Olson and de 

Vaucouleurs, 1981), or from individual studies (e.g. Richstone, 1979). A classical 

photographic source is the B-band photometry published by M.H. Liller in 1960 and 

1966 (hereafter LI). The two papers report luminosity profiles and isophotal param~ 

ters for a total of 22 ellipticals in the Virgo cluster. Successive investigations 

overlapping part of Liller's sample (van Houten, 1961; Fraser, 1977; King, 1978 = KI; 

Burstein, 1979; Benacchio et al., 1984 = BCDSS) have ascertained the good quality of 

the geometrical data (see also Leach, 1981), but have put into light the presence of 

a systematic error in the photometric scale. This error increases steadily with the 

surface intensity and is probably due to an incorrect calibration. In order to reco~ 

er such a large ~ody of information (wich refers to several galaxies at the same 

distance) we attempted a correction of the photometric scale on the ground of Kl's 

study, which is of high photometric quality and has the largest overlap with Liller's 

sample. 

We have established the systematic departure of Liller's photometric scale from Kl's 

directly from the mean trend of the residuals <4~>(LI-KI) for nine galaxies in co n 

mon, evaluated as a function of the surface brightness ~(LI) (see Fig. I). Residuals 

from individual galaxies were arbitrarily shifted in order to minimize the global dis 

persion in the rang~ 23+24 B-mss. The mean deviations were then applied to transform 

(LI) into the corrected surface brightness ~(LC) = ~(LI) - <A~>. 

. . . . .  x<~L '_ ~,~ 

~u 

Fig .  1. Mean r e s i d u a l s  <4~> of L i l l e r ' s  pho tome t r i c  s c a l e  from King (1978 = KI) and 
B u r s t e i n  (~979 = BU) p l o t t e d  ve r su s  ~ ( L I ) .  

New zero  p o i n t  c a l i b r a t i o n s  of the  c o r r e c t e d  d a t a  were a l s o  computed us ing  the  photo~ 

l e c t r i c  i n t e g r a t e d  magni tudes  l i s t e d  by Longo and de Vaueouleurs (1983).  The pho toe le~  

tric sources with largest discrepancies were discarded; the rejection criterion was 

not always straightforward due to the paucity of data and to their large dispersion 

(greater than ~ 0.1 mag in the mean). In particular, four galaxies had no photoele~ 
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tric data and were removed from the sample, which thus reduced to 18 objects. The ze 

ro point correction ha~ a mean value of -0.02 + 0.14 mag and never exceeded 0.3 mag. 

The actual values of the corrected luminosity profiles (hereafter indicated by LC) 

were then used to compute the axis ratios log R(25) = log a/b at ~ = 25 B-mss. The 

effective radii R e and the total magnitudes B T were derived instead from r I/4 interp~ 

lation of the corrected "equivalent" profiles. Our corrections do not modify the sur 

face brightness levels of the outer luminosity profile ( ~ > 23.5 B-mss). Here the 

only variation is introduced by the change of the zero point if any. In this latter 

case the values of log R(25) are modified only if the ellipticity is not constant. 

The effective radii and the total magnitudes are clearly affected by the correction 

applied to the inner luminosity profiles and to the zero point. 

2. Comparison with other sources 

To evaluate the reliability of our correction we compared the LC values of log R(25), 

of R e and of total magnitude of each galaxy (see Table I) to those found in the 

literature. 

TABLE I. LI corrected parameters 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NGC log R(25) R e B T NGC log R(25) R e B T 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4168 0 . I I  39.7 12.15 4473 0.20 34.5 11.21 
4261 0.08 56.6 11.17 4478 0.07 10.1 11.59 
4339 0.03 27.3 12.05 4486 0.12 77.0 9.67 
4365 0.13 73.0 10.55 4551 0.10 13.8 12.66 
4374 0.00 78.8 10.10 4552 0.06 53.1 10.81 
4387 0.16 7.9 12.66 4564 0.26 18.3 11.61 
4406 0,22 148.7 9.62 4621 0.09 54.2 10.68 
4458 0.03 17.2 12.73 4649 0.11 90.3 9.72 
4472 0.10 123.2 9.21 4660 0.11 11.8 11,97 

RC2 represents the most complete source for what concerns the axis ratio. The comp~ 

ison with the corrected values is shown in Fig. 2; any possible trend of the residu 

als from the regression line is masked by the large dispersion. Values of log R(25) 

interpolated from KI tables compare well to LC except the case of NGC 4261, where LC 

is however in agreement with RC2. BCDSS values tend to be slightly larger than LC's. 

The largest discrepancy is for NGC 4486; for this galaxy BCDSS give 0.17 ( ~ =l-b/a= 

0.3) against 0.12 of LC, KI gives 0.10 and RC2 the much smaller value 0.03 (E= 0.1). 

LC values of the effective radius were also compared to data found in the literature 

(Fig. 3), namely KI (values extracted from the actual light profiles), BCDSS, RC2, 

and Fraser (1977). In the mean Re(LC) values are I% larger than KI (comparison over 

nine galaxies) and 4.5% smaller than BCDSS (comparison over six galaxies), with a 

dispersion less than 25%. Fraser's (!977) study, whose quality has already been deba! 

ed (BCDSS), has 8 galaxies in common with LI; R values (not plotted in the figure) 
e 
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are 35% smaller than in LC, with a dispersion of 26%. 
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Fig. 2. Corrected values of Log R(25)= 
log a /b  compared to  t hose  from RC2, KI, 
BCDSS. The s o l i d  l i n e :  log  R(25)~e 2 = 
1.085 log R(25)~C " 0.012 is the'~est 
f i t  of LC to  RC2. 
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Fig. 3. Values of the effective radii 
from LC plotted versus the same quant~ 
ties from KI, BCDSS, RC2 and from ape~ 
ture photometry. The symbols are the same 
as in Fig. 2. Note the large dispersion. 

The main goal for a correction to Liller's photometric scale was to gain useful param 

3. Sunmlary and conclusions 

The effective radius of NGC 4406 plays a key role in fixing the slope of the regre~ 

sion lines ( R (LC) versus R (KI) and versus R (BCDSS)). If this object is removed 
e e e 

from our sample (Capaccioli et al. 1984 have already remarked the very poor consisten 

cy among photographic measurements of this bright galaxy), the agreement of LC with 

KI and BCDSS improves significantly (see Fig. 3). The effective radii were derived 

from RC2 with the formula log 2*R = log A 0.27 (log R(25)) 2 - ; according to Olson 
e e 

and de Vaucouleurs (1979), it improves that given in the catalogue. RC2 values are 4% 

smaller than R (LC) in the mean and show a clear trend. 
e 

For a further test we also attempted to e~timate the effective radii from the photoele~ 

tric aperture photometry using the following technique. First we assumed that each 

galaxy profile could be approximated by an r I/4 law, then, accounting for elliptici 

ty variations, we computed the best value of the slope parameter (from which Re(Pe) 

is soon obtained) by comparing galaxy model to the actual measurements. The uncertain 

ty on the results was es:timated empirically to be about +5%. The photoelectric data 

tend to be 24% smaller than Re(LC) in the mean. Altough embedded in the large dispe~ 

sion there is a gradient among the smaller values; it becomes even clearer if we cal 

culate the relative resuduals with respect to KI, BCDSS and RC2. Among the other NGC 

4261 deserves some attention. This galaxy is possibly a misclassified lenticuler (Ba~ 

bonet al. 1984); whatever the case, the estimate of its effective radius varies quite 

significantly from author to author. 

Total magnitudes were derived from the integration of the r I/4 law (de Vaueouleurs, 

1961) best fitting the LC data; no correction for internal and galactic absorption 

has been applied. BT(LC) total magnitudes compare well with the BT(RC2) in the entire 

set although systematically brighter (<BT(LC)-BT(RC2)> = -0.15 ! 0.19). 



278 

eters for statistical analysis such as log R(25),eR and B T in a sample of galaxies 

at the same distance. 

In the mean the values obtained for log R(25) seem in fair agreement with those of 

RC2 although the dispersion is very large, 

The values of the effective equivalent radii were compared to four sources: KI, BCDSS, 

RC2 and data from aperture photoelectric photometry. The first two sources agree in 

side 5%, with a dispersion less than 25%. RC2 values shown a similar agreement in the 

mean but with a larger dispersion. The comparison with aperture photometry is eharac 

terized by a large gradient and significant deviations for small values of Re(Pe). 

This is likely due to the fact that the attempt to extract R from integrated data 
e 

is hopeless. 

Total magnitudes are systematically brighter than those listed in RC2 with a mean 

difference <BT(LC)-BT(RC2)> = -0,15 ~ 0.19. 
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CONSTRUCTING DISTRIBUTION FUNCTIONS FOR GALAXIES WITH APPLICATION TO M87 

Andrew Newton 

Department of Theoretical Physics, 1Keble Road, Oxford OX] 3NP, England 

]. Introduction. Even a complete set of photometric and kinematic measurements of a 

galaxy do not uniquely determine the mass distribution and dynamics of the observed 

tracer particles. Presented with this indeterminate problem, the dynamicist has two 

choices: He can either (i) make some assumption about the nature of the orbits of the 

material in the galaxy, (for example that the velocity dispersion tensor is isotropic) 

and infer the mass distribution which is implied; or (ii) assume some form for the 

mass distribution (for example that the mass-to-light ratio is independent of radius) 

and determine the distribution of orbits required by the observations. In this paper 

I consider the latter option. 

The distribution of orbfts in a galaxy is described by the phase-space distribution 

function f(x,[,!). Our task is to construct a distribution function which yields 

surface brightness and kinematics compatible with the observations. On physical grounds 

the distribution function must satisfy f ~ 0 over the whole of the phase space. It 

may prove to be impossible to construct a distribution function satisfying this cons- 

traint: the assumed mass distribution may then be ruled out. For a general stellar 

system, the construction of a distribution function is a formidable task. In certain 

special cases, in which analytical expressions exist for the integrals of motion, the 

problem is greatly simplified. In section 2, I discuss a technique that has been 

developed (Newton & Binney 1984; hereafter NB) for producing distribution functions 

for spherical systems, and its application to the nearly-spherical elliptical M87. In 

section 3, I discuss the extension of this technique to a wider class of stellarsystems. 

2. Spherical Galaxies. Complete observations of a spherical galaxy yield at every 

projected radius R, the surface brightness E(R), and line-of-sight velocity dispersion 

Ov(R). Binney & Mamon (1982) (hereafter BM) showed how to obtain from the observations 

the unique three-dimensional profiles of stellar density v(r), the radial and tangential 

components of velocity dispersion, Or(r) and~t( ~ and the value of M/L that are required 

by the hypothesis of a constant mass-to-light ratio. These profiles are obtained by 

solving the stellar hydrodynamic equation. BM pointed out that to be physically accept- 

°r 2 2 able, they must satisfy ~ 0, o t ) 0. In addition, they must derive from a dist- 

ribution function which satisfies f(x,v) ~ 0 for all (x,v). By Jeans' theorem, the 

distribution function of a steady-state spherical galaxy is a function of the stellar 

energy E, and angular momentum L = [L]. We wish to obtain an f(E,L) satisfying this 

condition which yields moments 
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~(r) = 4~r -2 fdE fLdL f(E,L) Vr-1(E,L) (I) 

~Or2(r) = 4~r -2 fdE fLdL f(E,L) Vr+1(E,L) (2) 

close to t~e data. Our method for obtaining approximate solutions for f(E,L) from 

equations (I) and (2) is based on an iterative deconvolution scheme developed by Lucy 

(1974). Lucy's algorithm obtains approximate solutions to a one-dimensional problem. 

Recognising that the moments v and ~o 2 are projections onto real space of the distri- 
r 

bution function in phase space, a generalisation of Lucy's method is possible to obtain 

an approximate f(E,L) from equations (I) and (2). The outline of the method may be 

summarised as fol&ows: 

(I) Derive ~ and o profiles from the observations using the method of BM. 
r 

(2) Choose an initial guess distribution function fo(E,L) by, for example, least 

squares fitting some analytical model to the ~ and O r profiles. 

(3) Generate improved estimates of the distribution function fn(E,L) by a generalis- 

ation of Lucy's iteration scheme. 

2 
As shown by Lucy, the non-negativity of ~, O and f is preserved at each iteration. 

r 
Tests of the algorithm are described in detail in NB. These tests demonstrate the 

ability of the algorithm to reproduce a distribution function f(E,L) from a set of 

pseudo-data and illustrate its behaviour in a nase where no non-negative f is compatible 

with the pseudo-data. 

Application to M87. Youn~ et al. (1978) and Sargent et al. (1978) (hereafter YS) made 

photometric and spectroscopic measurements of the core of M87. The surface brightness 

shows a sharp peak in the central arcsecond, while the line-of-sight velocity dispersion 

rises from 250 km/s at 1 arcminute to 350 km/s at I arcsecond. Starting from the 

assumption of isotropic velocity dispersion, YS derived a mass distribution for M87 and 

inferred the presence of a supermassive black hole in the nucleus with a mass of about 

5x109 M o. In the YS model, the 16minosity spike arises from a dense star cluster drawn 

in by the gravitational field of the central mass concentration. 

By contrast BM examined the consequences of assuming a constant mass-to-light ratio in 
2 2 

M87. They obtained ~7 r and o t profiles which satisfy the conditions Or ~ 0, O t ~ 0. 

In the BM picture, the luminosity cusp arises from a central kernel of high velocity 

stars on predominantly radial orbits. This structure dominates the light out to about 

one arcsecond and is surrounded by the main body of the galaxy: a relatively diffuse 

envelope of lower v~locity stars on weakly radial orbits. The work of BM left open the 

question of whether it was possible to populate the stellar orbits in such a way as to 

produce this two-component dynamical structure: in other words, whether it was possible 

to construct an f(E,L) which yields the BM ~ and o profiles. 

To answer this question, we applied our algorithm to the BM profiles of M87. To approx- 

imate the two,component structure of M87, we chose as our initial guess a linear com- 

bination of Michie (1963) and Kent-Gunn (1982) distribution functions: 
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fo(E'L) = ~ fM(E,L) + ~ fKG(E,L) with parameters obtained by least squares fitting to 

the BM profiles. The distribution function generated at the twelfth iteration, 

fI2(E,L) yielded moments v12(r) and (~Or2) 12(r). These moments were projected onto the 

sky, a point luminosity source (V = 16.75 mag) was added and a seeing convolution was 

performed along the lines of de Vaucouleurs & Nieto (1979). 
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The resulting brightness 

profile (fig.A) fits the YS observations 

to within 0.04 magnitude, while the line- 

of-sight velocity dispersion (fig. B) lies 

within the 10% scatter of the YS data. We 

conclude that the assumption of a constant 

mass-to-light ratio in M87 is compatible 

with the YS observations. Higher resolution 

photometry will be necessary to determine 

the mass distribution present in the 

nucleus of M87. 

3. Extension to non-spherical systems. 

In reality, of course, very few galaxies 

exhibit a high degree of spherical symm- 

etry. It is natural to consider whether 

the algorithm described in the previous 

section can be extended to other stellar 

systems. In principle, in any system in 

which we can calculate the observable 

moments of the distribution function, it 

should be possible to set up a Lucy-type 

iteration scheme for constructing a dis- 

(4) Photometry and (b) kinematics of M87. 
The plus signs are measurements made by 
YS, the full lines are the fit produced 
by the NB algorithm. In the lower panel, 
the cross is a measurement made by 
Dressler (1980). tribution function from the observed mo- 

ments. 

These calculations are particularly simple for flat, axisymmetric systems where the 

distribution function depends on E and L . Up to second order, there are three indep- 
z 

endent moments: the surface density Z(R), the radial velocity dispersion Or(R) and the 

rotation velocity ~(R), They derive from f(E,Lz) via equations very similar to (I) 

and (2) and so an iteration scheme similar to that implemented in the spherical case 

could be used to produce an f(E,Lz). 

In fact, any potential which admits a set of isolating integrals with analytical 

expressions i(~,~ allows us to calculate the Jacobian for the transformation from 

(x,v) space to integral space analytically, which greatly simplifies the calculation 

of the moments. A wide class of such potentials, are those in which the Hamilton- 

Jacobi equation separates - the "St~ckel" potentials - which includes spherical and 

axial symmetry as degeneracies. These potentials have along history in mechanics, and 

have been discussed most recently in stellar dynamics by Lynden-Bell (1962) and de 
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Zeeuw (1984). It should be straightforward to develop an iteration scheme for const- 

ructing distribution functions for triaxial galaxies with separable potentials. 

Finally, in a general triaxial potential the Hamilton-Jacobi equation does not separate. 

Although numerical orbit calculations demonstrate the existence of isolating integrals 

in addition to the Hamiltonian (e.g. Schwarzschild 1979), they are not known in closed 

form as I(x,v). However, these orbit calculations yield the contribution to the den- 

sity (and other moments) of each individual orbit. Schwarzschild (1979) used the tech- 

niques of linear p~ogramming to produce distribution functions for triaxial galaxies as 

a set of occupation numbers of individual orbits. Models for axisyrmnetric (Riehstone, 

1980) and spherical (Richstone & Tremaine, 1984) galaxies have subsequently been con- 

structed using Schwarzschild's method. Lucy's iterative deconvolution method can be 

used to construct distribution functions in all these cases, with the advantage over 

linear programming that smooth, more realistic distribution functions are produced, as 

discussed by Lucy (1974) and NB. 
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RADIO STUDIES OF PECULIAR GALAXIES AT 10.7 GHZ 
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Four objects from Arp's (1966) "Atlas of Peculiar Galaxies" have been mapped at 

10.7 GHz using the Effelsberg IO0-m radio telescope of the MPIfR. The galaxies ob- 

served represent two d i s t i nc t  classes of interact ion with the i r  companions. NGC 520 

and NGC 3448 represent highly disturbed objects with long optical t a i l s .  The f i r s t  

of them most l i ke l y  forms a close pair  of objects (Stockton and Bertola, 1980) while 

the second one is interact ing with the nearby galaxy UGC 6016. 

The two other objects in the present study, NGC 2276 and NGC 3627, are probably 

interact ing galaxies within looser groups. Tidal perturbations of the i r  spiral  pat- 

terns are accompanied by highly peculiar HI d is t r ibut ions and kinematics (Peterson 

and Shostak, 1974; Haynes et a l . ,  1979). 

The integrated 10.7 GHz f lux  densit ies of a l l  four galaxies were used to compute 

the average disk brightness temperature and the radio index R defined as the ra t io  

of the radio to optical luminosit ies (e.g. Klein, 1982). 

Estimates of the contributions from central sources have been made using extra- 

polations of avai lable high resolution data at other frequencies. The 10.7 GHz f lux  

densit ies have also been combined with published tota l  in tens i ty  data at lower f re -  

quencies to obtain the integrated radio spectra of a l l  four objects. Details of the 

observing procedure and the above mentioned computations w i l l  be given elsewhere 

(Urbanik et a l .  ( in preparat ion) i .  

Contour maps of NGC 3448, NGC 2276, and NGC 3627 are presented in Figures la ,b ,  

and c respect ively.  The integrated radio spectra of a l l  objects observed are shown 

in Figure Id. Table I summarizes the most important integral parameters of the 

galaxies studied. 

The two morphologically s imi la r  galaxies NGC 520 and NGC 3448 were found to have 
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Fig. la,b,c:  Contour maps of NGc 3448, NGC 2276 and NGC 3627 at 10.7 GHz. Zero 

contours are dashed. The f i r s t  sol id contour corresponds to 3 mJy/beam area for  

NGC 3448 and to 4 mJy/beam area for  the other galaxies. The contour interval  is 

2 mJy/beam area in a l l  cases. 

Fig. Id: Integrated radio spectra of a l l  galaxies in th is study. 
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Integral parameters of the observed galaxies as derived from the 10.7 GHz 
observations 

Name Distance t $10.7 Radio Snucleus Tb d isk t t  Spectral 

[Mpc] [mJy] index Sto t [mK] index ~ t t t  

NGC 520 23 45± 7 18.7 m 100% -- -0.62±0.06 

NGC 3448 11 17± 5 7.1 < 40% -- - I .0  ±0.5 

NGC 2276 23 40± 5 15.0 m 2% 24.4 -0.68±0.05 

NGC 3627 7 I00 ± I0 5.2 -- 6.1 -0.65 ± 0.03 

t based on H o = 100 km s -I Mpc -I 

t t  corrected to face-on 

ttt S ~ v ~ 

very d i f f e ren t  radio propert ies. The radio emission from the f i r s t  of them is com- 

p le te ly  dominated by a powerful unresolved central source. No extended disk emission 

has unambiguously been detected in that object. In contrast to that ,  NGC 3448 is a 

rather weak radio emitter. I ts emission at 10.7 GHz is c lear ly  resolved and extends 

s l i g h t l y  in the d i rect ion of the opt ical  disk. The contr ibut ion from the central 

source as extrapolated from Reakes' (1979) data does not exceed 40%. Although the 

opt ical  and UV data (Bertola et a l . ,  1984) imply a rather high star formation rate 

in NGC 3448, i ts  overal l  level of emission as measured by the radio index R does not 

exceed that of late- type galaxies. 

The Sc galaxy NGC 2276 was found to have a very br ight  radio disk with only a 

small contr ibut ion from the central source. The average disk brightness temperature 

and the radio index are more than three times higher than those of the radio- 

br ightest  nearby sp i ra ls .  This resul t  agrees well with that of Condon (1983). 

The disk brightness of the Leo T r i p le t  spiral  NGC 3627 is comparable to that 

typical  for  Sb galaxies. Its radio structure (Fig. Ic) is dominated by a br ight  bar- 

l i ke  feature with two prominent emission peaks close to the ends of the opt ical  bar. 

The maxima of the radio emission coincide roughly in posit ion with large groups of 

HII regions found there by Hodge (1974). 

The radio spectra of a l l  four objects can be reasonably well f i t t e d  by a simple 

power law (~ ~ -0.7) ,  with the f lux  densit ies avai lable for  NGC 3448 being rather 

poor. 

The 10.7 GHz observations of the four objects presented above have shown two 

features possibly related to the i r  interact ions:  The powerful central source in NGC 

520 and a br ight  radio disk in NGC 2276. Excess of radio emission from central 
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regions is known to be common in interacting galaxies (Hummel, 1981; Stocke, 1978). 

NGC 2276 also possesses a bright optical disk. The UBV colours of the galaxy and 

i ts  H~ emission (Kennicutt and Kent, 1983) suggest enhanced star formation act iv i ty .  

The unusual radio structure of NGC 3627 does not require interactions in order 

to be understood. Bright bar- l ike radio features are known to exist in some barred 

spirals (e.g. Sancisi and Ekers, 1978; Klein and Emerson, 1981; Klein et a l . ,  1983). 

A high degree of gas compression accompanied by enhanced star formation close to the 

bar ends is also predicted by hydrodynamical calculations (e.g. Huntley, 1980; Tubbs, 

1982). Strong projection effects, part icular ly important in the regions discussed 

here, can also produce similar effects (Urbanik and Otmianowska (in preparation)). 

Thus NGC 3627 does not show any radio pecul iar i t ies obviously related to i ts inter-  

action. A similar conclusion can be drawn for NGC 3448. 
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THE VELOCITY FIELD OF NGC 1365 
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The velocity field of the barred spiral NGC 1365 has been mapped 

using a large number of optical spectra. The data acquisition and 

reduction is described elsewhere (JSrs~ter et al. 1984b). This galaxy 

also shows an abnormal velocity field in high excitation lines such as 

[OIII] and [NeIII] (JSrs~ter et al. 1984a) but only the normal 

velocity field as derived from the Balmer lines and [OII]k3727 will be 

discussed in the following. 

Fig. 1 shows a contour plot of this galaxy. The inclination is 55 ° 

and the PA of the line of nodes is 228 ° (both found from faint outer 

isophotes). Isovelocity contours are shown in Figs. 2 and 3, and the 

basic rotation curve in Fig. 4. The innermost 7" has a solid body 

rotation (straight parallel contours in Fig. 3) but outside this 

region quite a lot of non-circular motion is present. The rotation 

curve in Fig. 4 consists of three straight segments, a steep slope in 

the solid body region, V = 270 km s -I outside of 80" (deprojected to 

the plane of the galaxy) and a straight line joining these two 

regions. It is obviously not possible to define the rotation curve 

very precisely, but fortunately its exact drawing has only a small 

effect on the conclusions. 

NGC 1365 NGC 1365 NBC 1365 
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Fig. I: Isophotes. 
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Fig. 2: Isovelocities. 
Dots denote measured 
points. 
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Fig. 3: An enlargement of 
the central portion in 
Fig. 2. 
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Figs. 5 and 6 show the velocity residuals obtained when 

subtracting the above velocity curve. Several interesting features are 

seen: The spiral arms appear to be receding from the nucleus of the 

galaxy indicating that the arms are located outside of corotation. 

This is in agreement with theoretical results that bars should end at 

corotation. Large non-circular motions are seen in the bar in the 

region of the dust lanes. Velocity residuals along the line of sight 

change by over 200 km s -I over as little as 15" implying a very strong 

shock. The observed velocities seem to agree well with those predicted 

by Roberts et al. (1979). 

The bright gas in the nuclear region forms a tiny nuclear spiral 

inside the bar (Fig. 6). The arms of this spiral are expanding with 

velocities of the order of 120 km s -I in the plane of the galaxy. 
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MORPHOLOGY AND RADIAL VELOCITY OF GALAXIES 

USING COLOUR-COL0UR DIAGRAMS 
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Royal Observatory Edinburgh 

Edinburgh, EH9 3HJ U.K. 

It is known that the position of a galaxy in a colour-colour diagram contains 

information on its morphology and radial velocity. We are starting a program to 

exploit this fact, to measure colours of faint galaxies on Schmidt and AAT plates, 

preferably to the plate limit, to add another dimension to work that has already 

been done on the distribution of faint galaxies. This note addresses one of the 

problems involved, that of measuring the colour of faint galaxies on photographic 

plates. Although small, the image has structure. It is ill-defined and its extent 

depends on exposure level so a magnitude measured in an area defined by an isophote 

or threshold above sky may measure different areas of the galaxy on different 

plates and so falsify the colour obtained. If it were certain that all the plates 

had the same point spread function it would be meaningful to measure intensity 

within a specified area to produce a true colour. The suggestion under test is to 

try to make this possible by finding convolutions, which, when applied to the 

better resolved plates gives their images the same shape as those on the poorest 

resolved. 

To this end it is necessary to use stars to find the convolution and use them to 

show that this method of measuring colour works. A set of three U.K. Schmidt 

plates, approximately B, V and R, were selected and digitized by COSMOS. Figure la 

shows the B,V,R diagram of the stars in which magnitudes were obtained in the usual 

way to a low threshold above sky. The sloping line represents the photoelectric B, 

V, R relation for stars; it is not intended as a fit, but is used as a guide to 

the eye and reproduced in all other diagrams. 

The images on the V plates had the widest point spread function and convolutions 

were found to spread the B and R images to match. No details of this process are 

qiven here. Essentially the stars are used to measure the P.S.F. for each plate, 

and the convolved images of stars used to check the correctness of the convolution 

and that it does not change total magnitude. In all diagrams in Figure I, except 

la, the V magnitude is measured in the unconvolved image while the B and R 

magnitudes are measured in the convolved images. In Figure Ib the V magnitude used 

is identical to that used in Figure la. The perimeter of the measured area on the 
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V plate was transformed to the B and R plates and intensity within that area 

measured in the convolved images. This diagram shows that the process makes little 

difference to the colours. It is possible to pick out patterns of points which 

reproduce from Figure la to Figure Ib showing that these stars have hardly moved at 

all. This, however, merely proves that the convolution is correct. In Figures Ic 

and Id the perimeter of the measured area was defined at a signal-to-noise ratio of 

1.5 and 2.5 respectively in the unconvolved V image~ That perimeter was tranformed 

to the B and R convolved images. The enclosed areas were smaller than the original 

by factors of two to four. Of course the magnitudes so measured are meaningless, 

but evidently the colours are essentially correct. 

It is this property, that it is possible to measure colour using just bits of 

images, that is important. There is no point in using it for single stars, but for 

non-point sources such as galaxies it will be of value. We have tried applying it 

to some probable EO galaxies on the test plates used here. Figure 2 shows the 

expected distribution of colour according to the computations of Coleman et al 

(1980). Although the colours of the test plates are not exactly equivalent to 

B,V,R, this diagram serves for orientation. In Figure le the signal-to-noise ratio 

on the perimeter of the measured area on the V image is two, in Figure If it is 

three. There is a factor two difference in the measured area but the colour 

distribution is essentially the same. 

Comparison with Figure 2 suggests that this set of galaxies has radial velocites 

from z = 0.0 to 0.2. They lie in the magnitude range 18 to 19.5. It was not 

possible to go deeper with this set of plates due to the limited penetration of the 

I 
B-V 

z=0.3 
0.2 

0.1 

I 
0 1 V -R  

Figure 2. (B-V). v. (V-R) for galaxies 

from Coleman et al. (1980). 

V plate. However, it is evident that 

a knowledge of colour can improve 

studies of the clustering properties 

of galaxies. 

The main point is that this method, 

artificially matching the point spread 

functions of the plates and measuring 

intensity within the same metric area 

is the best for obtaining colours of 

faint galaxies. It will be 

extensively used in our program to 

measur~ large numbers of galaxies 

on Schmidt and AAT plates. 
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Discussion 

G. Bruzual : How faint can you get using this method on Schmidt plates? Have you 

thought about applying the same technique to 4m plates? In that case you should be 

able to reach 23rd - 24th magnitude that would be much more relevant to cosmology. 

Are you aware of Koo and Kro,'s work? 

G. Thompson : I agree the cosmology is at the limit of large telescopes rather 

than of Schmidts and I am working with AAT plates at present. The interpretration 

of the position of a galaxy in a colour-colour diagram is ambiguous, so I see the 

usefulness of this work is in forming colour-colour diagrams of clusters where all 

the galaxies are assumed to have the same z and the diagram is interpreted as a 

distribution in morphology. There is need for a large number of colour-colour 

diaqram at low redshift for comparison with those at high redshift. 



THE Z-DISTRIBUTION OF RADIO CONTINUUM EMISSION IN NGC 891 

R.J. Allen and F.X. Hu 

Kapteyn Astronomical Institute, Postbus 800, 

9700 AV Groningen, The Netherlands. 

Determination of the three-dimensional distribution of Galactic radio emis- 

sion is severely hampered by our unique observing position inside the Galaxy. 

Despite the impressive detail and high accuracy of the recent radio surveys of the 

Galactic background (e.g. Haslam et al., 1982), the models are in certain impor- 

tant aspects only weakly constrained by the data. In particular the distribution 

of emission at heights of 1 kpc and greater above the plane of the Galaxy is very 

uncertain; it is confused by the contribution from the thin disk material which is 

closer, stronger, and unfortunately along the same line of sight. However, accu- 

rate knowledge of the distribution of intensity and spectral index at great 

heights above the Galactic plane is essential for an understanding of the origin 

and propagation of cosmic rays. For these reasons, observations of external 

galaxies which are seen nearly edge-on play a key role in advancing our knowledge 

about these problems. NGC 891 is an especially interesting choice in this regard, 

because it is thought to resemble our Galaxy in many respects. Since the f&rst 

detection of z-extension in the radio continuum of NGC 891 (Allen, Baldwin and 

Sancisi, 1978; hereafter ABS), this galaxy has been repeatedly observed with the 

Westerbork Synthesis Radio Telescope (WSRT) at various frequencies and with in- 

creasing sensitivity and resolution. 

We have now combined the most recent observations at 6-cm made by Strong and 

Allen (1982) with the highest resolution 21-cm data obtained from new HI synthesis 

observations by Sancisi (private communication), in order to derive the best 

possible results on the z-distribution of the radio continuum emission in NGC 891. 

The resulting cleaned radio maps have been smoothed to a resolution of 20" x 20" 

(gaussian) and averaged in strips 200" long, parallel to the major axis and sym- 

metric about the minor axis of the galaxy. The observed strip distributions (aver- 

aged for both sides of the galaxy) are shown in Figure 1 for the two wavelengths. 

The immediate impression is that these plots show evidence for two components; a 

narrow component confined to within z less than about 015, and underneath this a 

broader component which extends to the limit of the observations at about 

2'. Such a decomposition was earlier proposed by ABS based on the older 6-cm WSRT 

observations which reached to about I' above the plane. The present results con- 
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firm and extend this suggestion, and also indicate that the two components have 

different spectral indices; the thin component is relatively stronger at 6-em. 

Another new piece of information is that the spectral index is constant above 

0!5; Figure i shows that in this range the ratio of surface brightness at 6 and 

21-cm is constant to within the noise. 

These two features of the observations have been put into a simple two-component 

model for the z-distribution of the radio emission from NGC 891 as shown in Figure 

2. The thin disk component is a gaussian with FWHM = i0" (700 pc for an assumed 

distance of 14 Mpc) and a spectral index of -0.47. The thick disk component is 

constant in brightness from z = 0 to about z = I0", and decreases exponentially 

thereafter with a scale height of 26" = 1.8 kpc; its spectral index is -0.95 and 

constant with increasing z. This simple model gives a surprisingly good fit to the 

observations; after smoothing with a 20" gaussian beam and subtracting form the 

original data, the residuals are everywhere within a few percent of the signal or 

a few times the rms noise. 

It is interesting to compare these results with the best models for the 

Galaxy which are currently available in the literature. The z-distribution for the 

Galaxy as it would be seen edge-on by a distant observer has been derived from 

model fits to the 408-Mhz survey data by Phillips et al. (1981). Their best-fit 

model is sketched in Figure 3. The correspondence with our model for NGC 891 in 

Figure 2 is quite striking. However, Phillips et al. caution that the precise 

shape above i kpc is very uncertain; they have also obtained reasonable fits for 

models which would predict simply a constant surface brightness from i to 9 kpc. 

The difference in scale height between what one may estimate from Figure 3 as 

about 5 kpc for the Galaxy, and the much more accurate value of 1.8 kpc from 

Figure 2 for NGC 891 may therefore not be significant. 

The results for NGC 891 in Figure 2 do not suffer from model-dependent 

assumptions, and furthermore provide valuable new information on the constancy of 

the spectral index with z. What does this tell us about cosmic rays? One thing is 

that current models are all based on the assumption that cosmic rays are produced 

in the thin disk near z = 0 and diffuse to higher z, perhaps with some reaccelera- 

tion, but ultimately losing energy along the way. The spectral index in all of 

these models must steepen with increasing z; the only way to avoid this is to have 

very short propagation times (cf. for example Strong and Allen, 1982). A more 

detailed confrontation between theory and observations is now under way. 



295 

I t i I 

o o ~ o ° ~ o 

N 

o 

,,~ o l>-, 

~ o 
,x:~ u-4 

I ~'~ ~ 

~o~? 

L~ o 
z E 

rn ~ 

o O C ~  o 

o ' . 0  

~o '~  
oo 

~ 0 , 0  i ~  ~ 

~ • 

i i i i i i 

t~  im 

E ' /  "1" / /I I I [ I 

o ~ ~  

I 0 0 , ~  ~0"~ ~ ~ 

Qj ~ ~ N 

[z~ m 0 I .~  r.=l 4.J q.~ 



References 

296 

Allen, R.J., Baldwin, J.E., Saneisi, R., 1978, Astron. Astrophys., 62, 397. 

Strong, A.W., Allen, R.J. 1982, in "Proceedings of the 17th International Cosmic 

Ray Conference", Vol. 2 (C.E.N. Saclay; Gif-sur-Yvette, France), p. 248 

Haslam, C.G.T., Salter, C.J., Stoffel, H., Wilson, W.E., 1982, Astron. Astrophys. 

Supp. 47, I 

Phillips, S., Kearsey, S., Osborne, J.L., Haslam, C.G.T., Stoffel, H., 1981, 

Astron. Astrophys. i03, 405. 

Discussion 

A. Bosma: This work nicely shows that improvement in observational data can change 

the questions one addresses in the interpretation. Previous data had it that the 

spectral index increases with Z for several galaxies. 

F.X. Hu: From the observations at 2.8 and 49 cm of NGC 891 and NGC 4631 Klein et 

al. (1984, Astron. Astrophys. 133, 19) also found: "The steepening of spectral 

index in Z is less than previously believed." We also have found a good correla- 

tion between U light and radio 21 and 6 cm emission of NGC 891 in the range of Z = 

30" to 70". All of these results will provide more constraints on the models than 

before. 



SOME METHODS FOR PHOTOMETRY OF GALAXIES IN CLUSTERS 

A. Bijaoui*, G. Mars*, E. Slezak* et O. Lef~vre** 

* Nice Observatory, B.P. 139 - 060D3 NICE CEDEX, FRANCE 

** Pic du Midi and Toulouse Observatories - 14, av. E. Belin 

31400 TOULOUSE, FRANCE 

We have developped some d i g i t a l  methods to process photometric observations on 

c lusters of galaxies for  photographic and electronographic emulsions. These 

methods al low to obtain g lobal  magnitudes and rad ia l  p ro f i l e s  of a l l  detectable 

objects.  

REAL TIME ANALYSIS 

Using a PDS microdensitometer l inked to a PDP 1114D-computer, we have adapted a 

COSMOS-like technique of p la te analys is .  

The machine reads l i n e  by l i ne  the p la te .  We choose a spot size and sampling steps 

of 20pm x 20 pm for  a Schmidt Palomar p la te .  We compute the skybackground wi th  an 

i t e r a t i v e  3-o re jec t i on  for  a sample of l i nes .  We achieve a rea l - t ime f i e l d s  

l a b e l l i n g  ( I )  a l lowing to ex t rac t  some global  charac te r i s t i cs  of the objects 

formed by the connected p ixe ls  for  which the densi ty  is  greater than the threshold 

above the background. A smoothing can be achieved to detect the f a i n t e s t  objects.  

In f ac t ,  tak ing in to  account the computing time, we have extracted only the 

pos i t ion  and densi ty  of the maximum of the f i e l d ,  the area and the i n t e g r a l  of the 

dens i ty .  

Using the c lass ica l  diagram log (F lux) / log(Area)  (2) we obtain a Bayesian 

c l a s s i f i e r  al lowing to ex t rac t  the non-s te l l a r  objects. 

On a Schmidt Palomar p la te ,  in the Coma f i e l d ,  we have detected about 

10 DO0 galaxies on 12 000 objects.  A f te r  a v isua l  inspect ion,  the re jec t i on  rate 

is small (7~). 

OBJECT BY OBJECT ANALYSIS 

Taking into account the large amount of time needed to process a plate, and the 

faint number of studied objects, we have also developped a method using a scan 

ob3ect /object ,  fol lowed by a f u l l  automated process to compute the background, 

reduce in to  i n t e n s i t y ,  smooth, determine the e l l i p t i c i t y  parameters of a given 

isophote leve l ,  i n teg ra te  r a d i a l l y ,  e l iminate superposed stars and obtain g lobal  

magnitudes. 
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An app l ica t ion  is running now on a sample of 600 galaxies in A194 c lus ter .  

GLOBAL OFF-LINE ANALYSIS 

Using a Systime 81750, we have developped an analysis method using a g lobal  scan 

of a large field (typically 4096 x $096 pixels). This method mixes the 

possibilities of the real time analysis (detections segmentation, recognition, 

exhaus t i v i t y )  wi th the advantage of the ob jec t /ob jec t  analysis (smoothing, 

photometry, s t r uc tu ra l  parameters, r ad ia l  p r o f i l e ) .  

We are processing the Coma f i e l d  Schmidt Palomar p late wi th th is  method, bu i ld ing 

c l a s s i f i e r s  re lated to rad ia l  p ro f i l e s  (3) or moments (4). 

This method has been also applied on electronographic plates taken wi th the CFH 

telescope for  f a i n t  c lusters of galaxies (0.2 > z > 0.05). Here we have introduced 

a preprocessing software ( f l a t  f i e l d  and d is to rs ion  reduct ion) .  This allows to 

process 4 c lusters in 2 colors, wi th about 300 ob jec ts /p la te .  

With the use of mini-computers wi th v i r t u a l  memory and large size disks, the 

problem of large f r ac t i on  of Schmidt p late processing is solved by o f f - l i n e  

a n a l y s i s .  

A laterly, off-line analysis allows to extract other structural features 

(separation of components, gaussian fitting, model parameters .... ). 
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DISCUSSION 

H. MacGilZivray : What pixel size do you use to scan your Schmidt plates and how 

much CPU time do you require on your Vax 11/750 to process the data from a whole 

Schmidt plate ? 

A. Bijaoui : We have scanned the plate with a 20 x 20 ~m spot and steps. We needed 

about 30 ms of CPU to process a 4096 x 4096 frame (smoothing, skybackground 

mapping and fields detection and measurements). 



HI OBSERVATIONS OF THE VIRGO CLUSTER GALAXIES 

W.K. Huchtmeier 

Max-Planck-lnstitut fNr Radioastronomie 
Auf dem HHgel 69, 5300 Bonn I 

Global properties of a complete sample of Virgo cluster galaxies are derived 

containing all spiral and irregular galaxies brighter than mB=14.2 within 10 ° of M87 

and a large number of galaxies brighter than mB=14.95 in that area. Data were taken 

from the HI-catalogue of Huchtmeier et al., 1983 and completed with new observations 

with the 100 m radiotelescope at Effelsberg. 177 of the 456 galaxies are detected 

(39%) to a limit of the order of 108 M@ assuming a distance of 21.8 Mpe for the Virgo 

cluster (Sandage and Tammann~1976). 

Noncluster comparison samples (i.e. nearby galaxies) in the blue magnitude sys- 

tem (Shostak, 1978, Li and Liu, 1981, and Bottinelli et al., 1982) were compared with 

the nearby sample (v ° <500 km/s, named hereafter KKT, Kraan-Korteweg and Tanmlan~p 

1979). The agreement for the distance - independent Hl-mass to luminosity ratio 

(MH/L B) is very good. The large proportion of late-type dwarf galaxies results in 

slightly higher MH/L B values for the KKT sample compared to the others. A more de- 

tailed comparison between the Virgo cluster sample and the KKT sample is made for the 

MH/L B ratio and the quasi-surface density o H . The first of these quantities is known 

to be luminosity dependent, the second is not. In view of the type and luminosity 

segregation in the Virgo cluster this is very important in connection with the dis- 

cussion of the HI deficiency. 

In Fig. I the HI-mass MH is given as a function of absolute magnitude M B. Mean 

values over magnitude intervals one magnitude wide (o) mark a tight c0rrelation. Cor- 

respondent values for the Virgo sample (o) agree with these data as does a sample of 

Sa-galaxies (Huchtmeier, 1982) (D). Part of the low upper limits are due to SO galax- 

ies but some are due to spiral galaxies, too, indicating "missing" HI. For a discus- 

sion of the HI deficiency the sample was divided into concentric rings half a degree 

wide. Values of relative HI content (MH/L B and OH) are averaged in these rings. The 

amount of galaxies per morphological type and ring were taken to construct an "ex- 

pected" value, which was used fQr normalizing the relative HI content (Fig. 2)° There 

is a pronounced HI-deficiency in the clusters' central part by a factor 5 within I ° 

and a factor of 1.5 between 2 ° and 3.5 ° from the clusters' centre as demonstrated by 

both the MII/L B ratio and a H in Fig. 2. For a smaller number of galaxies Chamaraux et 

al. (1980) derived a deficiency of a factor of 2.2 within 2 ° of the Virgo centre. 

The observed HI-line widths were used to derive the Tully-Fisher (J977) relation 

(TF). In Fig. 3a the calibrating sample of nearby galaxies (Richter and Huehtmeier, 

!984) yields ~'i=-7.17 x (log Avi) ~ 2.12. This relation fits well to the present 
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Virgo sample (Fig. 3b) where galaxies of low inclination (i <30 ° ) are 

marked by filled symbols. These galaxies of low inclination contribute only a small 

amount to the considerable scatter of the sample. A distance of 23±4 Mpc is derived 

for the Virgo cluster. This implies a Hubble constant of the order of 50 km/s/Mpc. 

When applying the TF to the whole sample to derive individual distances we will con- 

sider only the information nearer (-) or further away (+) for a first check. In Fig.4 

the number of galaxies per radial velocity interval is given for nearer (-) and far 

(+) galaxies. The distribution of the nearer galaxies is regular and sym~netric. But 

the far (+) galaxies dominate at high radial velocities showing part of the southern 

extension. Applying the TF to galaxies from the W-group we derive a distance about 

twice that of the cluster. 
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DISCUSSION 

J.-L. Nieto: There is missing hydrogen within 3 ° of the Virgo cluster. Isn't it an 
effect related to a segregation of morphological types among spiral galaxies? What 
happened to this effect if you add the contribution of radio ellipticals such as M84 
and M87? 

W.K. Huchtmeier: The average relative HI-content (MH/L B and OH ) for different morpho- 
logical types was determined from the nearby galaxies (KKT sample). The mean proper- 
ties were used to construct a "comparison sample" with the same number of galaxies 
per morphological type as for the Virgo sub-samples. As a consequence the normalized 
relative HI content of Fig. 2 is free from the effect of type segregation. Elliptical 
galaxies have not been considered for this comparison at all as there are generally 
only upper limits available for this galaxy type. 



AN HI AND OPTICAL STUDY OF THE GAS POOR VIRGO CLUSTER SPIRAL NGC 4571 

J. M. van der Hulst 

Netherlands Foundation for Radio Astronomy 

Postbus 2, 7990 AA Dwingeloo, The Netherlands. 

R. C. Kennicutt 

Department of Astronomy, University of Minnesota 

116 Church St. SE, Minneapolis, MN 55455, USA. 

I. Introduction 

Several studies have indicated that the galaxies in the Virgo cluster core 

region have low HI contents and low star formation rates compared to galaxies of 

similar morphological type in the field. (Giovanardi et al. 1983, Giovanelli and 

Haynes 1983, Kennicutt 1983, Stauffer 1983, Van Gorkom et al. 1984, Warmels an4 

van Woerden 1984). The most favored interpretation for this effect seems to be 

stripping by ram pressure when galaxies move through the dense intergalactic 

medium in the Virgo cluster core. Yet very few galaxies have shown signs of 

current stripping, two possible exceptions being NGC 4438 (Kotanyi et al. 1983) 

and NGC 4654 (Warmels, private communication). Kennicutt (1983) identified a few 

galaxies with extreme properties: galaxies with morphological type Sc, but 

colors, HI contents and star formation rates which are more typical for field Sb 

galaxies. We chose one such anemic (van den Bergh 1976) galaxy, NGC 4571, for a 

detailed study using the National Radio Astronomy Observatory Very Large Array in 

the I km configuration to study the HI and the Mt. Lemmon, Mt. Palomar and Kitt 

Peak National Observatory facilities to obtain optical continuum and He data. 

II. Observations 

The VLA observations made in June 1983 provided 16 channel maps with a 

velocity resolution of 25 km/sec and an angular resolution of 41,,. From these we 

determined the distribution of HI column density and the radial (intensity 

weighted mean) velocity field. These are shown in Figure I and 2, superposed on a 

print of a high resolution plate obtained with the 2.5 m DuPont telescope at Las 

Campanas. The derived rotation curve (-adopting V = 340 km/sec, inclination 
systemic 

= 34 ° and position angle of the line of nodes = 40 °) is shown in Figure 3. In the 
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Figure I. HI column density distribution. The HI contours are 0.6, 1.2, 1.7, 

2.3, 2.9, 3.5 and 4.1xi0 2° atoms/cm 2. Hatched contours in the central regions 

indicate decreasing column density. 

Figure 2. Radial velocity field. The velocity contours are labelled in km/sec and 

represent heliocentric velocities. 
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inner part the rotation curve is not well defined because of our poor resolution 

and because of lack of measurable HI. 

Figure 4 summarizes some of the optical data: the blue luminosity profile 

obtained from surface photometry from a sky limited IIIa-J plate taken in 1979 on 

the 1.3 m Palomar Schmldt telescope, and the radial distribution of HII regions 

obtained from an Ha plate taken with the Carnegie image tube direct camera on the 

2.1 m telescope at KPNO through a 20 A wide interference filter. The zero point 

of the surface photometry was determined from photoelectric BVR photometry ob- 

tained in May 1982 using the Schmldt Two-holer photometer on the Mt. Lemmon 1.5 m 

telescope. 

III. Results 

NGC 4571 is classified as an Sc galaxy. This is supported by its luminosity 

profile which is disk dominated and has only a small nuclear or bulge component 

contributing -4% to the integrated luminosity. Also the rotation curve, e.g. the 

implied mass surface density distribution, supports the Sc classification. The 
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slow rise and low maximum velocity of the rotation curve are quite typical for 

late type galaxies like M33 (Newton 1980) and NGC 2403 (Wevers 1984). 

In all other respects, however, NGC 4571 is not a typical Sc galaxy at all 

as already pointed out by Kennlcutt (1983). The current starformatlon rate in the 

disk is quite depressed. Both the total Ha luminosity and the characteristic 

luminosities of the brightest HII regions are more than a factor 3 lower than 

normal for an Sc galaxy. The broadband colors determined from our BVR photometry 

are unusually red (B-V = 0.70), consistent with this low starformatlon rate and 

suggesting that the stellar disk is evolved and probably has not been subject to 

active starformation in the past I-2 billion years. Also the HI properties are 

quite unusual for an Sc galaxy. There is an HI deficiency in the inner parts 

(more typical for Sa-Sb galaxies, cf. Bosma 1981, Wevers 1984) and more striking, 

the column densities are very low everywhere in the disk. Peak values reach only 

4×I02° atoms/cm 2, a factor 5 below values normal for Sc galaxies and more typical 

for the outer parts of spiral galaxies and the disks of SO galaxies (Van Woerden 

et al. 1983). The total amount of neutral gas is 1.5×109 M for an assumed dis- ® 

tance of 21.9 Mpc. The HI mass to total mass ratio is 0.03. The overall low gas 

density is, however, consistent with the low starformation rate and red disk 

colors, and confirms the findings of Giovanelll and Haynes (1983) and Giovanardi 

et al (1983) that anemic galaxies in the Virgo cluster have iQw gas surface 

densities. However, this relation between gas surface density and anemia is not 

always seen in more distant clusters (Kennicutt et al. 1984). 

A very striking property of the HI disk, not yet mentioned but very clear in 

Fig. 4 is its small size compared to the optical diameter. The HI size at 

1.83xI0 ~° atoms/cm 2 (Bosma 1981, Warmels and van Woerden 1984) is 3.2' while the 

De Vaucouleurs diameter measures 3.7'. This is very unusual for galaxies in the 

field but not uncommon for galaxies in the central region of the Virgo cluster 

(Warmels and van Woerden 1984, Van Gorkom et al. 1984) and is what one expects 

from simple models of stripping by ram pressure. Stripping may be occurring at 

some level though the regularity of the HI distribution and the velocity field, 

as well as the red color of the disk suggest that very recent stripping is not 

the dominant process for gas removal. 

The HI and optical properties are, however, consistent with a slow gas 

removal process or one which took place at least a few billion years ago 

(-one crossing time) so that the disk had time to readjust. It is of interest to 

note that if a large fraction of the gas was removed a few billion years ago, 

stellar mass loss might have been able to replenish some fraction of the observed 
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gas distribution over most of the disk, except maybe the very central (bulge) 

part. 

An alternative explanation for the peculiar properties of NGC 4571 is just 

an inhibition or suppression of the disk formation process. Whether such would 

result from being in a cluster environment is not absolutely clear, since anemic 

galaxies have also been found outside clusters of galaxies (Bothun and Sullivan 

1980). 
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Discussion. 

B° Elmegreen: What are the masses of the 4 large HI clouds? 

Van der Hulst: I estimate the mass of each of the large HI complexes to be about 

10 ~ M . ® 

R. Terlevlch: If HI is systematically removed in cluster Sc's (compared with 

"field" Sc's) you may expect some changes in the chemical evolution Of the disk. 

For example, the HII regions may be systematically underabundant (compared with 

those in "field" Sc's) or disk gradients may be somehow different. Do you have 

information about metal content in the HII regions of stripped galaxies that can 

clarify this point? 

Van der Hulst: No, we do not yet have information on the abundances in the HII 

regions in NGC 4571 or any other HI poor galaxy. There are some indications from 

other work (W. Romanishin et al. 1982, Ap.J. 258, 77 and G. D. Bothun et al. 1984 

A. J. 89, 1300) that low luminosity galaxies and especially low surface bright- 

ness galaxies possibly have low metalliclty disks. 

S. Jorsater: How well defined is really the concept of a "field" galaxy? 

Van der Hulst: The concept of "field" galaxies is in my opinion a difficult one. 

One usually refers to galaxies outside clusters as "field" galaxies but probably 

should use some measure of the local galaxy density as for example was introduced 

by A. Dressler (Ap. J. 236, 351, 1980). Also true "field" galaxies or truly 

isolated galaxies are quite rare. 

T. Jaakkola: Is NGC 4571 at the near side or at the far side of the cluster? The 

question has significance for such questions as an inflow into the cluster, the 

mean redshift of Virgo (and H), and the velocity difference between the spirals 

and ellipticals, of course only when observations are made for numerous low 

redshift spirals. 

Van der Hulst: If one applies the Tully-Fisher relation to all galaxies in the 

Virgo cluster for which HI line widths are available one finds that NGC 4571 is 

farther away than the mean distance to the cluster. This argument, of course, 

depends heavily on whether one can blindly apply the Tully-Fisher relation to 

obtain cluster depth information. 



INFLUENCE OF THE K-EFFECT ON THE COLOURS AND THE A o 4000 

BREAK AMPLITUDES OF GALAXIES IN DISTANT CLUSTERS 

E. L a u r i k a i n e n  and T. J a a k k o l a  

O b s e r v a t o r y  and A s t r o p h y s i c s  L a b o r a t o r y  

U n i v e r s i t y  o f  H e l s i n k i  

ABSTRACT 

The c o l o u r  d i s t r i b u t i o n s  o f  t he  Coma c l u s t e r  and DC 0329-52 s h i f t e d  t o  z = 0.39 

and z = 1.0 a re  s i m u l a t e d ,  i n  r e g a r d  to  t he  i n f l u e n c e  o f  t he  K - te rm on the  

m o r p h o l o g i c a l  and c o l o u r  d i s t r i b u t i o n s  o f  50 b r i g h t e s t  g a l a x i e s .  A good f i t  w i t h  

t he  c o l o u r s  o f  a c t u a l  d i s t a n t  c l u s t e r s  i s  o b t a i n e d ,  e x c e p t  t h a t  the  obse rved  

c o l o u r s  a r e  s I i g h t l y  r e d d e r  than  the  p r e d i c t e d  ones.  A l so  S p i n r a d ' s  da ta  on the  z -  

dependence o f  t he  A o 4000 b reak  a m p l i t u d e  can be u n d e r s t o o d  v i a  t he  K - e f f e c t .  The 

r e s u l t s  do no t  s u p p o r t  t he  h y p o t h e s i s  o f  c o s m o l o g i c a l  e v o l u t i o n  o f  g a l a x i e s .  

I. COLOUR DISTRIBUTION 

Butcher and Oemler (1978) and Kron (1977) have paid at tent ion to blue t a i l s  in the 

colour histograms of  c lusters CI 0024+1654 (z = 0.39), 3C 295 (z = 0.46) and C1 

1305-29 (z = 0.95). They argue that th is  indicates an excess of blue galaxies in 

d is tan t  c lusters and is evidence of cosmological evolut ion.  We examined th is  

i n t e rp re ta t i on  by ca lcu la t ing how the K-elect a f fec ts  the colour d i s t r i bu t i ons  of 

the nearby c lusters Coma (z = 0.023) and DC 0329-52 (z = 0.057) seen at redsh i f ts  

z = 0.39 and z = 1.0. The simulated colours were then compared with the observed 

ones. 

S t a r t i n g  w i l l  a l l  g a l a x i e s  o f  Coma and DC 0329-52 p r e s e n t  i n  D r e s s l e r ' s  (1980) 

c a t a l o g u e ,  we p i c k e d  up 50 b r i g h t e s t  K-dimmed g a l a x i e s  o f  t hese  c l u s t e r s  seen as 

r e d s h i f t e d  t o  z = 0.39 and z = 1 .0 .  The K - c o r r e c t i o n s  a re  f rom Coleman e t  a l .  

( 1980 ) .  G a l a c t i c  r e d d e n i n g  i s  d e t e r m i n e d  on the  b a s i s  o f  t he  0 .25 cosec b l a w .  The 

r e s u l t s  a re  shown i n  F i g .  1, g i v i n g  a l s o  o b s e r v a t i o n s  f o r  c l u s t e r s  a t  z = 0 .4 ;  f o r  

compar i son  o f  s i m u l a t i o n  a t  z = 1.0 w i t h  da ta  o f  C1 1305-29,  see F i g .  10 o f  

Sp in rad  (1977 ) .  

As e x p e c t e d ,  t he  K - e f f e c t  weakens p r e f e r e n t i a l l y  t he  e a r l y  t y p e  g a l a x i e s ,  wh ich  

s t r e n g t h e n s  the  b lue  t a i l s .  C o n t r a r y  to  the  e v o l u t i o n a r y  i n t e r p r e t a t i o n ,  the  
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actual distant clusters appear even slightly ~gdder than expected. The data are 

inconsistent with cosmic colour evolution whether the comparison is made with a 

moderately s p i r a l - r i c h  c l u s t e r  DC 0329-52 or even w i th  such an ext remely  s p i r a l -  

poor c l u s t e r  as Coma, 
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Figure I. V-R colour histograms for 50 brightest galaxies in clusters. (a) The 

real distribution for Coma (left) and simulated ones at z = 0.39 and z = 1.00. The 

hatched columns at z = 0.39 give the observed distribution for 50 brightest 

g a l a x i e s  o f  C1 0024+1654.  

(b)  The same f o r  DE 0329-52  and da ta  f o r  3C 295,  

2. OTHER SPECTRAL EVIDENCE 

S p i n r a d  (1080)  has p o i n t e d  o u t  t h a t  t h e  A o 4000 d i s c o n t i n u i t y  i s  a u s e f u l  

p a r a m e t e r  f o r  s t u d i e s  o f  cosmic  e v o l u t i o n  o f  g a l a x i e s .  He g i v e s  d a t a  f o r  E 

g a l a x i e s  w i t h  t h e  a m p l i t u d e  o f  t h e  d i s c o n t i n u i t y  d e c r e a s i n g  w i t h  i n c r e a s i n g  z and 

interprets this as due to an increasing proportion of the light arising in the 

turnoff stars of types FS-G2V in the younger (distant) galaxies. 

However, the K-effect may be present also in this result. It makes the 

progressively bluer galaxies With at the same time lower break amplitudes and even 

pe rhaps  w i t h  l a t e r  m o r p h o l o g y  more p ronounced  and t h e r e b y  s e l e c t e d  f o r  

o b s e r v a t i o n .  G a l a x y  m o r p h o l o g y  i n  d i s t a n t  c l u s t e r s  i s  n o t  w e l l  known, and 

d e t e r m i n a t i o n s  o f  t he  m o r p h o l o g i c a l  c o n t e n t s  a re  u s u a l l y  based on c o l o u r  

distribution. Therefore the influence of the K-effect through the intrinsic 

spreads of the colour and the A o &000 break amplitudes within the E-class probably 
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a f f e c t s  S p i n r a d s  d a t a  and a t  l a r g e  z even n o n - e l l i p t i c a l s  may e n t e r  t h e  d a t a .  He 

examined t h e  p r o b l e m  i n  t h e  f o l l o w i n g  manner .  

The mean v a l u e s  o f  t h e  Hubb le  t y p e  i n d i c e s  (<T>) were  f i r s t  c a l c u l a t e d  f o r  n 

b r i g h t e s t  g a l a x i e s ,  w i t h  n = 3, 5, 9 and 20, a t  d i f f e r e n t  r e d s h i f t s  u s i n g  t h e  

g a l a x i e s  o f  Coma and DC 0329-52  a f f e c t e d  by K. The ( < T > - z ) - r e l a t i o n s  can be 

t r a n s f o r m e d  i n t o  ( F + / F - - z ) - r e l a t i o n s  i f  t h e  a m p l i t u d e s  F + / F - o f  t h e  Ao 4000 

d i s c o n t i n u i t y  a re  known f o r  each t y p e .  F+/F - f o r  t y p e  E (T = - 5 )  i s  f rom W h i t f o r d  

( 1 9 7 5 ) .  The o t h e r  d a t a  a re  f rom Pence ( 1 9 7 6 ) .  For E-SO (T = - & ) ,  F + = F(4060 ~) 

and F- = F(3850 A ) .  For t h e  l a t e r  t y p e s ,  F + = F(4040 A) and F- = F(3620 A) ,  t he  

d i f f e r e n c e  i n  Ao f o r  F- f o l l o w i n g  f rom t h e  s t e e p e r  s l o p e  o f  t h e  d i s c o n t i n u i t y  i n  E- 

SO. He made a smooth c u r v e  d e l i n e a t i n g  t h e  o b s e r v e d  p o i n t s ,  f r om wh ich  t h e  F+/F - - 

v a l u e s  can be read  ~or  each t y p e  <T>. Us ing  t h i s  da ta  t he  " t h e o r e t i c a l "  ( F + / F - - z )  - 

r e l a t i o n s  a re  o b t a i n e d ,  as shown i n  F i g .  2. 
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F i g u r e  2. R e l a t i o n  be tween t h e  t h e o r e t i c a l  mean ~o 4000 b r e a k  a m p l i t u d e  and z f o r  

t h e  n b r i g h t e s t  g a l a x i e s ,  w i t h  n = 3 ( d o t s ) ,  5 ( c r o s s e s ) ,  9 ( c i r c l e s ) ,  and 20 

( f i l l e d  s q u a r e s ) .  The o s e r v e d  d a t a  ( t r i a n g l e s )  a re  f rom $ p i n r a d  ( 1 9 8 0 ) .  The uppe r  

f i g u r e  i s  f o r  DC 0329-52  and t h e  l o w e r  one f o r  Coma. 



312 

The observed values of F+IF - are slightly higher and the slope steeper than those 

predicted, However, th is  fo l lows rather from the procedure (inaccuracy of the 

types and of the magnitudes) than from evolut ion : in p r inc ip le  the t heo re t i ca l  

and the observed values should be i den t i ca l  at the smallest redsh i f t s .  The f i t  at 

z = 0.5 and the fac t  that f o r  higher redsh i f ts  the t heo re t i ca l  slope is  the same 

as the one observed at smaller redsh i f t s  is perhaps more s i g n i f i c a n t .  We conclude 

that evolut ion is  not necessari ly the reason to Spinrad's re la t ions .  
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MASS-TO-LIGHT RATIO OF ELLIPTICAL GALAXIES 

R. BACON 

Observatoire de Lyon (France) 

i. GEOMETRIC AND PHOTOMETRIC MODELS 

- The M/L ratio (f) is constant throught the inner part of the galaxy. 

- Isodensities are similar ellipsoids of axial ratio q, (apparent 

axial ratio qa ) . 

- The distribution of light follows the r I/4 law with parameters le,r e. 

2. DYNAMICAL MODELS 

2.1 Isotropic model (method i) : In the simplest case of a spherical 

galaxy with isotropic velocity dispersions, the knowledge of the photo- 

metric parameter (let e) and the central velocity dispersion a O sets the 

value of f (P0veda 1960). For a flattened isotropic galaxy the tensor 

virial theorem gives flere/a2 , as a function of q and qa" A detailed 

isotropic model (Bacon,1984) shows that a 2, the weighted mean value of 

a in all space, can be replaced by ~o 2 with a correction for the flat- 

tening. As q is generally unknown, the most probable value of 

flere/ao2(qa ) has been calculated (Fig. l) using the statistics of 

Binney and de Vaucouleurs (1981). 

2.2 Anisotropic and isotropic models (method 2) : To take into account 

the anisotropy of some very bright ellipticals, we need both stellar 

rotation (V) and dispersion (a). The tensor virial then gives the 

Flere/~o2 Fig. 1 
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value of flere/~" where ~2:o2+V2 . Anisotropic and isotropic models 

show that z2 is fairly well approximated by Zo2=~o2+Vmax 2, which 

is nearly independant of q and qa" 

flere/~o 2 = 53 

The scatter is between 16 to 25 % , depending on the degree of aniso- 

tropy. 

3. SAMPLE 

The main sample is composed of 197 ellipticals with ~o values from the 

catalogue of Davoust et al (1984), with photometric parameters from 

RC2 or UGC catalogues, and distance moduli from de Vaucouleurs and 

Olson (1982) or redshift. A subsample of 30 ellipticals have Vmax va- 

lues in Davies et al (1983). 

4. APPLICATION 

The M/L B ratio f has been calculated following the two methods, with 

estimation of errors. 

4.1 Main sample : Method 1 gives, for 195 elliptieals : 

f = 12.2 +/- 0.25 ~(log f) = 0.22 

See histogram in Fig.2 . 

4.2 Subsample : Method 2 gives f = 9.6 +/- 0.4 ~(log f) = O.19 . A si- 

milar value of f = 10.8 is derived from method i. Comparison of the 

M/L B ratios from the two methods is shown in Fig. 3. Note that anisotro- 

py (which is taken into account in method 2) lowers the M/L B values. 

5. IS THE M/L RATIO CORRELATED WITH LUMINOSITY ? 

Using spherical and isotropic approximations Faber and Jackson (1976), 

Michard (1980,1983) found positive correlation between luminosity and 

M/LB, while Schechter and Gunn (1979), Schechter (1980), Tonry and 

Davies (1981) found no correlation. We find no correlation in the main 

samDle (Fi~.4) and in the subsamDle. 

M/L B (method 2} i ~ L  ! Iog(M/LB) , .... ,:Fig'4. 
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For detailed references see Bacon R.,Monnet G., Simien F.,to be published in A.A. 



DECONVOLUTION OF THE ELLIPTICAL NUCLEUS OF M 31 

0. Bendinelli, G. Parmeggiani and F. Zavatti 
Dipartimento di Astronomia, Universit~ di Bologna 

In previous works a method for the deconvolution of circular images from the PSF 

has been applied to some galaxies and quasars (see, e.g. Ben~{nelli et al., 1981, 

1984; Zavatti et al., ]984). We extend here the me~hod to elliptical images 

assuming eOn~ant both the axial ratio and the position angle of the semi-major 

axis, In this case the relation between the observed intensity profile f(r,W) 

alor~a diameter with azimuthal anglo,and the semi-major axis intensity distr~ 

bution y,(F) can be expressed by 

exp<-r2/2 l dt (II 

where p= r~  2 dos2~ sin2~7_ 1121k, k=l- t , ~  is the dispersion parameter of the 
Gaussian describing the PSF~ and 

F (r ,~,.)=~e~xp t-(20"2) -1 ~2 (cos2, +k2sin2.) 

(cos~cos~+ksin~sin~l~de (2) 
J 

The discretization of Eq. 1 leads to an ill-posed linear algebraic system, which, 

as in the spherical case, is solved by a regularization method (see Tikhonov and 

Arsenin, ]977)° As application we derive the deconvolved brightness distribution 

in the nucleus of M 31 nsing Kent's (1983) profile. This was obtained up to 5 arc- 

sec with a resolution of 0.3]4 arcsec/pixel by a CCD attached at one of the MMT 

mirrors. Fig. 1 shows Kent's profile (~ = 0.20;~= 0.55 aresec) and its deconvolu 

tion from the PSF. The comparison (see Fig. 2) with the composite profile of Light 

etal. (]974), which is based in the very inner part on the extra-atmospheric data 

collected by Stratoscope II, shows that we derive a nucleus about I mag sec -2 fain 

ter at the central peak and more smoothly connected to the bulge. Nevertheless the 

qualitative agreement is good, and the quantitative differences could be due to 
the data processing. 

In effect the Stratoseope data were calibrated by means of Johnson's (796]) profile 

observed with an estimated I~.30" seeing. If the seeing was really 0".9, as infer- 

red by Tremaine and Ostriker (]982), a central lowering of about 0.7 mag sec -2 re- 

sults from convolution effects. Furthermore Kent's (1983) profile has been restored 

from one Gaussian approximation of the seeing, and hence its central value may rai- 

se of some tenth of mag sec -2, if the wings are considered. In conclusion the poin- 

ted differences found between the deconvolution of ground-based CCD photometry and 

the extra-atmospheric data, may be due only to the scanty knowledge of observing 

conditions. A more extensive discussion on the nuclear structure of M 31 is repor- 
ted elsewhere (Parmeggiani et al., ]984). 
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DISTANCE OF GALAXIES FROM THE METHOD OF SOSIES 

L. Bottinelli (i), L. Gouguenheim (i), G. Paturel (2), 

P. Teerikorpi (3) and I. Vauglin (2) 

(i) Observatoire de Meudon, DERADN, 92195 Meudon Principal 

(2) Observatoire de Lyon, 69230 St Genis Laval 

(3) Observatoire de Turku, Tuorla, SF 21500 Pukkio, Finland 

The Faber-Jackson relation (FJ, 1976) connects the absolute 

magnitude to the velocity dispersion. In order to use it for distance 

determination, we have prepared a compilation of velocity dispersions. 

So we collected all the raw measurements available (880 measurements 

for 546 galaxies) and reduced them to an homogeneous system (Davoust, 

Paturel, Vauglin, 1984). 

To bypass the main difficulties (value of the slope, correc- 

tion for inclination effect, morphological type dependence...) we 

have selected ~osie' galaxies (Bottinelli, Gouguenheim, Paturel, 1983) 

having the same apparent axis ratio, the same morphological type and 

the same velocity dispersion. From the concept subjacent to the FJ 

relation, these galaxies have the same absolute magnitude. If one of 

these galaxies is a calibrator whose distance is known, the distance 

of its sosies can be derived directly from the difference of their 

apparent magnitudes or from the ratio of their apparent diameters. 

A first application is made from 31 calibrating galaxies in the Virgo 

cluster leading to the distance modulus of 97 galaxies. 

Recently, Teerikorpi (1984) suggested that a Malmquist bias 

can affect all distance determinations based on a linear relationship, 

including the method of sosies. So it is interesting to compare our 

distance moduli D(S) to unbiased reference distance moduli. These 

reference moduli ~(P) are derived through the Peebles'model (Peehles, 

1976) from radial velocities corrected for the local anisotropy. 

Both distance moduli, ~(S) and ~(P), are obviously based on the same 

zero point (i.e. Ho=10Okms-iMpc-l). They are compared in Figure 1 ; 

the slope of the mean regression line is significantly different 

from i. On the other hand in the range of the calibrating distance 

moduli (about 30 to 31) both scales are in good agreement. Out of 

this range the departure is in the sense expected from a Malmquist 

bias (for distance smaller as well as greater than those of 

calibrators). 
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This result can be understood in two alternative ways : 

(i) The parameters of the model are not appropriate to describe the 

local velocity field. But preliminary results showed that it is 

difficult to find a reasonable infall velocity to force both scales 

to be identical. 

(ii) The method suffers from a Malmquist bias in ag~¢ment with 

Teerikorpi predictions. 
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MASS TO LUMINOSITY RATIO OF BARS IN SPIRAL GALAXIES 

M.F. DUVAL I , G. MONNET 2 

iObservatoire de Marseille, 2 Place Le Verrier, 13248 Marseille Cedex 04, France 

2Observatoire de Lyon, 69230 Saint-Genis-Laval, France 

Comparison of the M/L ratio for bars and for the surrounding material (disk) is 

fundamental to assess the origin of bars. From B surface photometry, we have derived 

the luminosity of the total components: bulge, bar, centre disk or lens superposed 

on an extended disk. The mass densities of the axisymmetrical components come from 

the axisymmetrical "rotation curve" of the ionized gas after removal of the pertur- 

bation effect of the bar. 

Mass of the bar has been determined in five galaxies ranging from SBb to SBm by 

various methods: an hydrodynamical model of the gas flow in NGC 5383 (Duval and 

Athanassoula, 1983), a model fitting of the deviations from pure circular motions at 

the end of the bar for NGC 3359, NGC 7479, NGC 7741 (Duval, 1984), use of the posi- 

tion of the Lagrangian neutral points in the LMC coming from its decentred bar 

potential (Duval, 1984). Table I gives the following data: Column I) name of the 

galaxy, 2) the absolute galaxy magnitude, 3) the radius of bar using the 25 mag/~" 

radius as an unit, 4, 5 and 6) the M/L ratios of the bar, of the central disk and 

the extended disk corrected from galactic and internal absorption, 7 and 8) the 

MBar/Mcentral disk and MBar/M25 ratios. The M/L ratios (~ 4) of these bars are 

intermediate between the (M/L) for the central disks (< I) and for the extended 

disks (> 10). The low values for the central disks are probably explained by a vigor- 

ous star formation induced by the bars. The high values for the extended disks are 

usually interpreted as an indication for massive haloes. Bars would thus likely ap- 

pear as density waves in the true disk population, with no strong preference for 

either young or old stars. 

Table I also shows that the bar lengths and masses are highly variable and 

uncorrelated with the galaxy absolute magnitude. 
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Table I 

Object M~ PBar/P25 (M/L)Ba r (M/L)cd (M/L)ed MBar/Mcd MBar/M2s 

NGC 3359 -19.60 0.18 4.4 0.5 14 0.41 0.02 

NGC 5383 -20.14 0.95 6.5 9.3 27 0.94 0.27 

NGC 7479 -20.95 0.45 2.1 0.8 20 0.86 0.03 

NGC 7741 -18.59 0.37 3.4 0.4 11 0.70 0.05 

LMC -18.40 0.41 4.0 - 0.28 

"S" shape distorsion in the isoradial velocities has been clearly seen in all 

of these objects (Dural, 1984). This effect will be presented in next papers 

(Duval, Monnet, submitted and in preparation). 
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SYSTEMATIC ERRORS IN ZWICKY'S MAGNITUDES 

G. F&sano 

0sservatorio Astronomico 

5, Vicolo dell'Osservatorio 

35100 PADOVA 

Zwicky's magnitudes mzw (1961-68; ZGC) are compared with B T magnitudes given by 

Sandage and Tammann in the 'Revised Shapley-Ames Catalog of Bright Galaxies' (Sandage 

and Tammann, 1981; RSA). All galaxies in our sample are in the region of sky defined 

by: Ibl > 30°; ~ >-2 ° . Moreover only objects of RSA with magnitudes B T less than 13.2 

have been included in the analysis. For the total sample of 663 objects it results: 

<B T - mz~ = GAB> = -.243 ~.020 

O-AB = .4961.014 
(1) 

In the following we check for the possible dependence of ~B on all available 

parameters: 

a) mean surface brightness 

Figure I shows that £~B well correlates with mean Zwicky's surface brightness, 

defined by: 

m'zw = 5 Log D25 - 2.5 Log R25 + mzw + co~t. =/~zw + c~;b. 

Am 

I 
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-I 

Ps~ 
... "~ ~ ¢'&'..~.. . 

...~ • , • . 

• • a i .e% 

Figure I - The correction ~B = (BT-mzw) vs. the Zwicky surface brightness /~zw" 

The linear regression: 

AB = a + b/azw 

yields: a = 10.94±.29 ; b =-.574 ~.015. 

(2) 
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The standard deviation of the residuals is: 

O-~AB ) : .288 ±.0o8 (3) 

much smaller than the value given by relations (I). 

b) coordinates 

Even if not physically understood, the statistical dependence of ~B on ~ is un- 

questionable (Paturel,1977; Peterson,1979; deVaucouleurs and Pence,1979; Auman et al., 

1982). GAB> increases by about 0~5 when ~ varies from -2 ° to 90 ° and by about 3~0 

aS~z w decreases from 22~0 to 17~0. Therefore the correlation between AB and ~ is 

of the second order with respect to that between ~B and/~zw. It might be worth te- 

sting whether relation (2) shows a systemetic variation of the zero point a'=a+b/~zw 

when different intervals of sin ~ are conside- 
• : - : . • . 

a) 

- - 21  

-,3 b)  

b~ 
- . 4  

- , 5  

"n6 

+ 
+ 

: - : - : 

÷ 
red. Figure 2 shows, for each given sing inter- 

val, the computed values of the coefficients 

a' and b, and their errors. It results: 

b~ =-.592-.111sin~ +.369sin2~ 

a~ =11.15+2.53sin~ -7.26sin2~ 
(4) 

0 .4 $ i n ~  .8 

F i g u r e  2 - A n a l y s i s  o f  t h e  r e l a t i o n  
(2) at varying sin ~. 

(see Figure 4). This in fact is considerably 

greater in spirals of early type than in late 

type spirals and irregulars. No much difference can be seen among SO and elliptical 

galaxies. They behave in a way intermediate to that of the other types, so that the 

same coefficients a and b can be assigned to these objects. They are: 

c) ZGC volume number 

The claimed dependence of ~B> on the 

particular ZGC volume number is discussed. 

By comparing Fig. 2a to Fig. 3, we think it's 

plausible that the observed variation of~AB~ 

with the ZGC volume number reflects the abo- 

ve mentioned dependence on $ . In fact, no 

residual dependence on the ZGC volume is found 

when the correction of m is made taking into 
ZW 

account only the dependence of coefficients 

a and b on $ . 

d) morphological type 

The important point arising from analysis 

on T is the strong correlation existing between 

morphological type and slope of equation (2) 

&T = 9.32 ; b T = -.495 (T~0) (5a) 
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Figure 4 - Analysis of the relation (2) 
at varying T. 

Therefore the quadratic best fit of coefficients a and b for spirals and irregular ga- 

laxies is: 

a T = 12.60 + .542T - .140T 2 

b T = -.653 - .030T + .007~ 2 (T>0) (5b) 

In the light of the above results, we suggest the following relation for the cor ~ 

rection AB: 

~B = a(T,sin~) + b(T,sin~)/~zw (6) 

in which the main dependence is on the surface brightness, even if a residual depen- 

dence on both T and sin ~ has also to be taken into account. We adopt analytical re- 

lations for a and b in which T and sin~ are two separate parameters.,The correction 

~B then becomes: 

~B = kaaT% + %bTb6/~z~ + k (7) 

where ka, ~ and k are normalization parameters. We find: k a = .894A .009 ; 

k b = -1.59~.06 ; k = -.048~.160 and correspondingly: ~(AB)~= -.006~.01 ; 

(~B) = .244 4.007. The standard deviation of the residuals (now even lower than the 

value given by (3)) turns to be almost independent on both total magnitudes and ~ype. 
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STOCHASTIC STELLAR ORBITS IN GALAXIES 

Ortwin E. Gerhard 

Max-Planck-lnstitut Astrophysik 

Karl-Schwarzschild-Str.l, Garching , FRG 

We have studied the appearance of stochastic orbits caused by pertur- 

bations of two-dimensional integrable galaxy potentials, using a 

canonically invariant form (Gerhard 1984b) of a method due to Melnikov 

(1963) and Holmes & Marsden (1982). The unperturbed integrable poten- 

tials are separable in elliptic confocal coordinates and have the 

characteristic box/loop orbits found for planar motion in non-spher- 

ical galaxies (de Zeeuw 1984). Under perturbations of these poten- 

tials, a stochastic layer forms near orbits that separate loop and 

box orbits. Such an orbit is shown 
/i ~' ~- , \ i , J , i I , ~ ,I i\ 

,-" > /  \ __J - -_  / \ h /  \ . ,  
/ \\ .\-- i --< /\ - in Figure i. Its t+~ limit is the 

7 ~~~2\~\~///<\~~ ,/>\\v/~ unstable y-axial orbit and it may be 

' /'-.. /<-.. I"\\ ' thought of as a product of an 

- ~ / - ~  ~--~x4-~" - oscillation in some radial-like 

: [ ~ ~'~-~k-/~ ~ / ~t coordinate, and a pendulum motion in 
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Fig. i: The y-axial and one 
of its asymptoic orbits in ~c- 

an azimuthal-like coordinate which 

has just enough energy (action) to 

reach its top on the y-axis. There 

is a oneparameter (eo) family of 

these socalled homoclinic orbits 

depending on the relation of 

oscillation and pendulum phase at 

t = 0. 

The Melnikov integral as a function of e o is given by M(e o) = 

-(~Jl/al) IT~ dt[I,H I) where ! is the unperturbed second integral. Jl 

the oscillation action, ~H 1 is the small perturbation Hamiltonian, and 

the integral of the Poisson bracket which represents the change of I 

under the perturbation is taken along an unperturbed homoclinic orbit 

parametrized by e o. If M(eo) has simple zeroes then no second global 

integral of motion exists in the perturbed case. Then e max M(eo) 

gives a qualitative estimate for the size of the stochastic layer near 

the homoclinic orbits, or in other words for the rapidity with which 

the regular orbital structure of the integrable potential is destroyed 

by the perturbation. 
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Specific results were obtained for one integrable potential ~c with 

density ~ r -2 at large radii, and a comparison with numerical work was 

made. A typical result for a computed normalized M(eo)a maxM(eo) curve 

(Gerhard 1984a) is shown in Fig. 2. From comparing M for various per- 

turbations of ~c the main result is that those perturbations that are 

consistent with the photometry of early-type galaxies approximately 
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Jig. 2: Typical curve 
M(Oo) with simple zeroes 
implying stochasticity. 

preserve the regular orbital structure of ~c and lead to only small 

stochastic layers. Specifically, this has been found for i) cos m~ 

perturbations with m = 0,2,1,4 in order of the importance of the 

resulting stochastic layer ii) potential perturbations with moderate 

ellipticity gradients iii) small figure rotation. In these cases, 

galaxy models may be constructed using only regular orbits. In con- 

trast, other perturbations lead to large stochastic regions and a 

rapid breakdown of the regular structure of phase space; e.g. cos me 

perturbations m = 3 or m > 5. The fact that m=3 or m)5 perturbations 

are inconsistent with galaxy observations might be due to a time- 

evolution of the distribution function caused by non-ergodic stochas- 

tic orbits which would cause a system to evolve until it is close to 

an integrable potential. 

Comparison of the above perturbation-theoretical results with 

numerical work suggests that one may understand the regular orbit 

structure of several galaxy potentials in terms of their proximity to 

integrable St~ckel potentials. 
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RELATIONS AMONG OPTICAL, RADIO AND X-RAY PROPERTIES OF ABELL 

CLUSTERS OF GALAXIES 

M. Kalinkov, K. Stavrev, and I. Kuneva 

Department of Astronomy and National Astronomical Observatory 

Bulgarian Academy of Sciences, 72 Lenin blvd. 

Sofia 1184, Bulgaria 

A data bank, containing optical, radio and X-ray data for all Abell 

clusters of galaxies has been compiled. The relations between various 

parameters, presenting global or specific characteristics of the clus- 

ters have been determined. Distance-limited and luminosity-limited sam- 

ples, containing radio sources or/and X-ray sources, together with non- 

limited samples have been processed for various richness groups, Bautz- 

Morgan types, etc. Some examples are given here allowing to study the 

relations between parameters and to establish some selection effects. 

Only A-clusters with measured redshifts are used here. All cosmologi- 

cally dependent values are refered to a model with H ° = 100 km s -I Mpc -I 

and qo = +I, with exception for the data of Schneider, Gunn and Hoessel 

(1983a,b), hereafter SGH, which are for H o = 60 and qo = 0.5. 

We use the following parameters: (I) the redshift z is compiled from 

many sources, published and not yet published. We have gathered radial 

velocity for more than 600 A-clusters; (2) m10 (Abell, 1958)~ (3) m I 

(Leir and van den Bergh, 1977 - hereafter LB); (4) ~m = m10 - ml; (5) 

L is the X-ray luminosity, erg s -I, reduced to the interval 2 - 6 keV 
x 

and is compiled from many sources; (6) S is the flux, Jy, at 1400 MHz 

(Owen et ai., 1982); (7) and (8) - MI0 and M I are the absolute magni- 

tudes for the tenth- and first-ranked galaxy~ defined according to 

MI,10 = mi,10 5 log z - K(z) - 42.5201, where the redshift dimming 

K(z) is taken from Sandage (1973). Here Abell (1958) correction for 

the galactic absorption is used; (9) the richness group p (Abell, 1958); 

~I0) P is the mean apparent population, gal/sq.deg., defined as P = 

N/~r~, where the Abell radius is r A = 0.0286 (I ÷ z)2/z and N = 40, 

65, IOS,.. for p = 09 I, 2,.., and (11) is Bautz-Morgan (BM) type from 

LB, codded as usually: I = I, I - II = 2,.., III= 5. 
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Table I presents two correlation matrices. All correlation coefficients 

above the leading diagonal refer to A-clnsters having z < 0.1. There 

are only 35 clusters with all known characteristics. The sample mean 

values and sample standard deviations for the characteristics are given 

on the right side of Table I. The correlation coefficients below the 

leading, diagonal refer to A-clusters without restriction on redshift - 

there are 46 clusters and the sample means and standard deviations are 

given on the left side of Table I. 

All correlation coefficients in Tables I 2 are multiplied by 100. Our 

Tables permit to calculate easily all linear regressions between all 

the characteristics. That is why we give together with correlation co- 

efficients and the number of clusters, the means and standard deviations. 

Table 2 contains a correlation matrix for the SGH sample of 83 A-clus- 

ters. We added to SGH characteristics data from our file of Abell clus- 

ters of galaxies (numbers I - 8). The SGH characteristics are from GI, 

number 9, to the last number, 14. The denotations are generally accord- 

ing to SGH with the exception of RMI, RM2, and RM3, which are the re- 

duced absolute magnitudes of the first, second and third rank galaxy. 

It is not reasonable to compare data from our file with data of SGH~ 

even though the cosmologically dependent values are defined for differ- 

ent models. But it is curious to see how the increasing of the accuracy 

in photometry improves the significance of all relations between global 

or specific cluster parameters for many extragalactic problems. 

Correlation matrices given here, together with some other matrices, pub- 

lished elsewhere (Kalinkov et al., 1984a,b), present a complex statisti- 

cal structure of the optical, radio, and X-ray data for A-clusters. Many 

conclusions may be derived on the basis of this vast amount of informa- 

tion. A few examples are adduced below. 

For 68 A-cluster~ we have the fundamental relation 

L = 7.8 x 1044 (z2S) 0"34 or z2S = 8.2 x 10 .22 L 0"42. 
X X 

For 88 clusters next relations are also significant: 

log L x = 45.40 + (1.2±0.1) log z; log L x = 35.57 - (0.40~0.08) MI0 ; 

log L x = 43.68 + (0.21±0.03) p; log L x = 42.82 + (0.54±0.04) log P. 

Adding other A-clusters with not measured, but calibrated redshifts 

(Kalinkov et al., 1984a) we obtain for ]68 clusters: 

log L x = 45.58 + (1.40~0.08) log z; log L x = 37.57 - (0.31±0.07) MI0 ; 

log L x = 43.92 + (0.16~0.03) p; log L x = 42.75 + (0.62~0.04) log P. 
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Table 1. 

(n=46) 
Mean 

St.dev 

- 1 . 1 6  
l o g  z 0 . 2 6  

1 5 . 8 0  
ml 0 1 . 1 4  

1 4 . 2 6  
ml 1 .52  

1 . 53  
Am 0°65 

43.95 
log L x 0 . 4 3  

log z2~ ' - 2 . 6 0  
0 . 4 6  

-21 .02  
MIO 0 . 5 1  

- 2 2 . 5 5  
M1 0 . 5 2  

1 .61 
P 1 . 2 7  

2.08 
log P 0.65 

3.5 
BM I. 5 

Correlation Matrices for Abell Clusters 

1 2 3 4 5 6 7 8 9 10 11 

100 86 85 - 2 2  69 3 - 3 7  - 8 25 91 3 

94 100 82 4 55 2 16 9 8 72 -10  

94 92 100 - 5 4  42 - 6 - 1 5  46 11 72 11 

- 5 5  -38  -72  100 7 13 50 - 6 6  - 6 - 20  - 3 4  

72 63 60 - 2 9  100 27 - 3 4  - 3 7  62 82 -20  

43 40 38 - 1 9  37 100 - 2 - 1 6  24 13 -12  

-60  - 2 8  - 4 7  62 -52  -28  100 32 - 3 4  - 4 4  - 2 5  

10 21 44 -65  - 1 3  - 4 20 100 -22  - 1 6  15 

66 57 61 - 4 2  60 50 -52  2 100 64 -32  

96 88 89 - 5 4  75 49 -62  7 85 100 -12  

37 27 42 -49 9 16 -39 24 13 30 100 

( n = 3 5 )  
Mean 

St.dev. 

- 1 . 2 7  
0 . 1 8  

1 5 . 3 3  
0 . 8 6  

13~60 
1 . 0 3  
1 .73  
0 . 5 9  

4 3 . 8 4  
0 . 4 0  

-2.73 
0.40 

-20.88 
0.47 

-22.61 
0°54 
1.11  
0.87 
1 . 7 8  
0 .41  
3 .1  
1o5 

Table 2. 

leg z 

m10 

m I 

&m 

MI0 

M I 

P 

BM 

GI 

r 

g 

RM I 

RM 2 

RM 3 

Correlation Matrix for 83 Abell Clusters (SGH) 

Mean 
t.dev No 3 4 5 6 7 8 9 

- 0 . 9 6  
0 . 1 8  

1 6 . 9 5  
0 . 5 2  

1 5 . 0 8  
0 . 7 0  
1 °87 
0 . 6 0  

2 0 . 9 3  
0 . 6 7  

2 2 . 8 1  
0 . 7 9  
1 . 6 8  
I .33 
3.3 
1.4 

16.23 
0.80 

1 6 . 0 5  
0 . 9 2  

1 6 , 7 7  
1 . 0 4  

2 1 . 0 8  
0.36 

21.90 
0.55 

22.39 
0.65 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

2 10 1! 12 1"3 14 

00 77 62 - 6 -83 -66 66 - I 92 93 93 -45 -45 -58 

77 100 54 23 -38 -50 67 -23 67 68 68 -42 -23 -33 

62 54 100 -69 -48 12 74 28 64 65 65 -12 -30 -28 

6 23 -69 100 23 -57 -28 -52 -16 -17 -17 -23 11 4 

-83 -38 -48 23 100 67 -46 -13 -80 -80 -81 30 39 49 

-66 -50 12 -57 67 100 -17 28 -55 -55 -56 43 25 38 

66 67 74 -28 -46 -17 100 - 6 59 60 59 -34 -36 -38 

- I -23 28 -52 -13 28 - 6 100 22 20 19 52 17 10 

92 67 64 -16 -80 -55 59 22 100 100 99 - 6 -33 -49 

93 68 65 -17 -80 -55 60 20 100 100 100 - 9 -35 -50 

93 68 65 -17 -81 -56 59 19 99 100 100 -11 -36 -51 

-45 -42 -12 -23 30 43 -34 52 - 6 - 9 -11 100 38 34 

-45 -23 -30 11 39 25 -36 17 -33 -35 -36 38 100 80 

-58 -33 -28 4 49 38 -38 10 -49 -50 -51 34 80 100 
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For the flux density at 1400 MHz we have 

log S = -1.32 - (0.86~0.13) log z, for 192 A-clusters. 

Every significant relation with the distance should be regarded as a 

manifestation of the selection. For example only several correlation co- 

efficients among the elements of the first row and the first co1~umn 

from Table I are non-significant. It may be seen that log z correlates 

very well with m10 , ml, log Lx, MI0 , p, and log P, but there is no cor- 

relation with M I. The last is a clear demonstration of the fact, that 

the iuminosity of the first-ranked galaxy is very little influenced by 

the selection. 

Table 2 shows that GI, r, and g can be used more efficiently as regres- 

sors for calibrating the distance to A-clusters, instead of m10 , m I and 

so on. Since the SGH sample extends to a very large distance range, MI0 

and M I unusually well correlate with log z. But RMI, RM2, and RM 3 also 

correlate with log z. It means that there is a selection effect which 

has to be removed from the SGH data. 

It is impossible to mention here all interesting cases, which will be 

examined in a forthcoming paper. 
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A COMPILATION OF UBVRI PHOTOMETRY 

FOR GALAXIES IN THE ESO/UPPSALA CATALOGUE 

Andris Lauberts and Elaine M. Sadler 

European Southern Observatory, D-8046 Garching bei MHnchen, F.R.G. 

ABSTRACT: We have compiled a catalogue of all presently available 

UBVRI aperture photometry for galaxies in the ESO/Uppsala catalogue. 

It comprises a total of about I000 galaxies south of -17 ° declination. 

We have recently completed a compilation of UBVRI photoelectric 

aperture photometry for southern galaxies in the ESO/Uppsala catalogue 

(Lauberts 1982). The data were originally collected for the purpose of 

calibrating PDS photometry of B and R Schmidt plates covering the 

entire catalogue area (Lauberts and Valentijn 1983). This project will 

eventually result in the publication of B magnitudes, B-R colours and 

some additional parameters (e.g. position angle, axial ratio) for 

about 16,000 galaxies south of -17 °. 

Our reason for publishing the data in this form is to provide a 

convenient compilation of photometry for other observers, especially 

those who wish to calibrate photographic and/or CCD photometry. The 

data have, as far as possible, been checked for errors. The catalogue 

is also useful in showing which galaxies still need further observa- 

tions, and thus may help in coordinating the efforts of observers. It 

includes all sources of photoelectric photometry known to us and 

published before the end of 1983, as well as some unpublished data. 

The data set is available both in printed form and on magnetic 

tape. It will be updated regularly, and we would appreciate receiving 

preprints/reprints of new photometric data. Part I of the catalogue 

has now been published (Lauberts and Sadler 1984) and comprises a 

complete listing of published UBVRI photometry. A limited number of 

copies of part II (magnitude-aperture and colour-aperture plots for 

each galaxy) are also available from the authors. 
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THE NUCLEAR RADIO SOURCES IN THE ELLIPTICAL GALAXIES NGC 3309 

AND NGC 3311 IN THE CLUSTER ABELL 1060 

P.O. Lindblad I), S. J~rs~ter 2) and Aa. Sandqvist I) 

I) Stockholm Observatory, Saltsj~baden, Sweden 

2) European Southern Observatory, 8046 Garching b. MHnchen, W. Germany 

INTRODUCTION 

The giant elliptical galaxies NGC 3309 and NGC 3311 are situated 

at the center of the Abell i060 cluster. The galaxy NGC 3311 appears 

to be centred at the X-ray emission from the cluster (Forman 1984, 

private comm.) and it has a very extended outer envelope. The nuclear 

region is, however, substantially fainter than that of NGC 3309, and 

NGC 3311 contains an absorption feature in the centre. 

We have obtained VLA 6 cm continuum observations, as well as CCD 

photometry in various Gunn and Johnson filters with the Danish 1.5 m 

telescope at ESO, La Silla. Isophote plots of the two galaxies in the 

infrared (Gunn Z) are shown in Figs. 1 and 2. 

The radio data is shown in Figs. 3-4. A jet-like source is 

coincident with the optical nucleus of NGC 3309. The total flux of 

this source at 4885 GHz is 4.8 mJy. At the position of the optical 

nucleus of NGC 3311 there is radio emission which is marginally above 

the noise in our radio data, the flux at 4885 GHz is about 0.3 mJy. 

THE JET 

The major axes of the elliptical infrared isophotes of NGC 3309 

are directed in position angle 48 °, compared with 26 ° for the jet. 

The northeastern (NE) extension of the jet ends in a "spur" (A in 

Fig. 4). The southwestern (SW) extension lies along a straight line. 

About 4.5 arcsec (i kpc projected distance) from the nucleus the jet 

narrows into a "nozzle" (B), before blossoming into a "lobe" (C) 

further out in the galaxy. The minimum equipartition energies of the 

three components are about equal and lie in the range i-2.10 b3 ergs. 

The energy density of the jet is of the order of 7.10 -11 erg cm -3 ~ 

that of the lobe is i.i0 -II erg cm -3. 

DISCUSSION 

The strongest compact radio source at 6 cm continuum in the A 1060 

cluster is thus NGC 3309 and not the supposed core cD galaxy NGC 3311. 

Mushotzky (1984) has reported a two-component X-ray spectrum of 

A 1060, one with a temperature of 2.3-107 K and the other 7.0-107 K. 

Jones and Forman (1984) have determined the central gas density in 
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A 1060 from observations made with Einstein. Their value is 

4.10 -3 cm -3 (assuming H = 75 km s -I Mpc-l). They also report a con- 

siderable excess X-ray luminosity coming from the central region of 

the cluster, which is interpreted as produced by a cooling accretion 

flow of the cluster gas onto the central dominant galaxy (N 3311). The 

inflow of gas into the central core of the cluster should be able to 

power the nuclear activity of NGC 3309 giving rise to the observed 

radio source ejection, analogous to the mechanism suggested by Silk 

(1976). If we assume that the 2.3.10 / K X-ray emission arises from 

cluster gas near and in the outer parts of NGC 3309 we find a pressure 

of 1.3.10 -11 erg cm -3. This is almost identical to the energy density 

in the radio lobe of NGC 3309, and thus braking of the jet by cluster 

gas may have created an equilibrium situation at the lobe. It seems 

quite likely that the radio activity in NGC 3309 is caused by interac- 

tion with the cooling accretion flow of the cluster gas, implying that 

a substantial fraction of this accretion takes place onto NGC 3309. 
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SURFACE PHOTOMETRY AND DETAILED STRUCTURE OF THE ELLIPTICAL 

GALAXY NGC 1199 AND ITS COMPACT COMPANIONS 

3.-L.  Nieto ( I ) ,  F. Deschamps ( I ) ,  A. Maury (2), Th. Roudier (3) 

(1) O b s e r v a t o i r e s  du P ic  du M i d i  e t  de Tou louse  

14, avenue Edouard B e l i n ,  F- 31400 Tou louse  

(2) Telescope de Schmidt, CERGA 

F- 06460 S a i n t - V a l l i e r  de Thiey 

(3) Observatoires du Pic du Midi et de Toulouse 

F- 65200 Bagneres de Bigorre 

From deep photographic and spectrophotometric mater ia l ,  Arp (1978) has concluded 

that  the SW compact companion of the e l l i p t i c a l  galaxy NGC 1199 appears s l i g h t l y  

i n  f r on t  of th is  galaxy on the l i ne  of s ight in spi te of i t s  much higher r edsh i f t  

(cz = 13,600 kms-1). Arp's arguments re l y  essen t i a l l y  upon the fac t  that  there is 

a c i r cu l a r  area around the compact galaxy which is darker than the background 

l i g h t  of the E galaxy. 

To tes t  these resu l t s ,  four deep IIaO plates in the blue l i g h t  were obtained in 

November 1980 wi th the 1.9 Danish telescope at La S i l l a  (ESO),  under very good 

seeing condit ions so tha t  "the fu l l -Wid th  at ha l f  maximum of a s t e l l a r  p r o f i l e  was 

between I " .45  and I" .B5 for  exposure times ranging from 150 to 240 minutes. 

Results from a photometric analysis of the data were the fo l lowing : 

i )  The l i g h t  from NGC 1199 is confirmed to be absorbed near the SW companion by 

several tenths of magnitude. (Figure I)  

i i )  Distance c r i t e r i a  applied to the high resdh i f t  SW compact companion y ie ld  a 

distance to th i s  object much higher than that  given by i t s  r e d s h i f t .  This could be 

explained by an absorption on the l i ne  of s ight  estimated to be between I and 2 

magnitudes. 

i i i )  NGC 1199 is a dust- lane e l l i p t i c a l  galaxy with the dust lane along i t s  major 

axis (Figure 2). Therefore i t  contains some st rongly  absorbing mater ia l  as 

suggested by Benedict et a l .  (197B). These three resu l ts  are completely consistent  

with a cosmoloqical scenario for  NGC 1199 and i t s  SW companion : the l i g h t  of the 

pecul iar  e l l i p t i c a l  NGC 1199 is obscured by i t s  strong absorption patches. These 

patches obscure also the background compact galaxy, producing a dark c i r cu l a r  area 

around i t  ; th i s  absorption makes th is  compact companion at an apparent distance 

much higher than tha t  given by the magnitude-luminosity index r e l a t i o n .  
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F i g u r e  1 : The p r o f i l e  o f  the  g a l a x y  i n  a d i r e c t i o n  19" away f rom the  SW compact 

companion i s  p l o t t e d  a g a i n s t  the  d i s t a n c e  to  the  c e n t e r  ( c r o s s e s ) .  The s o l i d  l i n e  

represents the equivalent  p r o f i l e  of NGC 1199 whose scale has been  corrected to 

take in to  account the geometry of the galaxy. The arrows show the locat ion of the 

dark c i r cu la r  r ing discussed by Arp where some absorption is de tec ted ,  

Figure 2 : A numerical unsharp masking treatment (Roudier, 1985)  exh ib i t s  the 

cent ra l  dust lane in NGC 1199. The scale is given by the distance between NGC 1199 

and i t s  SE companion being 38". 
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THE VELOCITY FIELOS OF BARREO GALAXIES 

O. Pfenniger 

Geneva Observatory 

CH-12go Sauverny 

Schwarzschild's method [1BTB] is used for constructing self-consistent 

2-0 models of a well pronounced and fast rotating SB whose 3-0 

dynamics was studied previously (Pfenniger, 1984]. Particular care is 

taken to reduce the numerical errors. 

For finding a self-consistent solution, a non-negative least-squares 

technique is used, which promises interesting applications to the 

interpretation of real SB for which, besides the mass distribution, 

only some radial velocities and the orientation are known. 

By extremizing various quantities, like the total energy or angular 

momentum, the set of possible self-consistent solutions is explored. 

Ihe important results are: 

l] Retrograde motion is in all cases required, between lO and 30 

percent of the mass is retrograde. Most retrograde orbits lie in 

the lens, just outside the bar, producing a very hot lens [Fig. 1]. 

2] Velocity dispersions are high but weakly anisotropio, consistent 

with the observations of Kormendy [1983] (Fig. 2]. 

3] SB may have fairly complicated flow patterns, eventually turbulent. 

Four types of flow have been found [Fig. 3, 4]. 

4] The proportion of semi-ebgodic or stochastic orbits may be as 

largB as 30 percent, but more probably below lO percent aT the 

mass. This feature is a key factor for the irreversible 

evolution of SB. 
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Fi Z. 1 : Relative local fraction 
of mass of retrozrade orbits for 
the models with extreme values 
of the total Hamiltonian. The 
maximum always peaks along the 
intermediate axis. 
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Fig.2 : Velocity dispersion 
fields of the models with extreme 
values of the enzular velocity 
at corotation (radius of the 
upper right circle]. 
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Fi Z, 3 : Schematic types of en- 
countered flows in the rotating 
frame of reference. The bar is 
indicated by the longest ellipse. 

Fig. 4 : Velocity fields of the 
models with extreme values of the 
angular momentum, in the rotating 
frame of reference, scaled with 
the circular velocity at 
eoretation. 
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ABSORBING MATTER IN E AND SO GALAXIES 

Patr ick Poulain 

Observatoire du Pic du Midi et de Toulouse 

14, avenue Edouard Belin 

31400 Toulouse, France 

Elliptical galaxies have not been studied with the aim of determining their mean 

internal absorption. One even thought that these objects were dust-free owing to 

their weak gas content. But in recent years it was found that some E galaxies 

contain dust (Bertola et Ga l le t ta ,  1978 ;Penston and Fosbury, 1978 ; Kotanyi and 

Ekers, 1979 ; 3orgensen and Norgaard-Nielsen, 1982). 

I f  t h i s  absorbing matter is homogeneously d i s t r i bu ted  throughout the galaxy, i t  

cannot be detected by image analys is .  But wide-band photometry in a su i tab le  

system gives means to determine a s u f f i c i e n t l y  accurate t o t a l  colour excess to be 

able to obtain the i n t r i n s i c  colour of the whole s t e l l a r  populat ion.  

Therefore ca lcu la t ions  were carr ied out, based on the UBVR measurements of Sandage 

and Visvanathan (1978) and the 3HK measurements of Persson et a l .  (1979). Using (V- 

R) and (J-K) indices which are p r a c t i c a l l y  independant of metal content I have 

been able to ca lcu la te the colour excess and then i n f e r  the m e t a l l i c i t y  rate from 

the dereddened (U-V) and (B-V) indices.  

With these resu l ts  I have derived the empir ical  re la t i onsh ip  betwee6 magnitude and 

m e t a l l i c i t y  fo r  Virgo and Coma galaxies ( f igure  I)  which allows to determine 

absolute magnitudes from the distance modulus of these c lus te rs .  The least  square 

method gives the so lu t ion .  

V26 = - 8 . 1 0  6 ( U - V )  + 14 .71  (1 )  

Other relationships as dust density versus intrinsic color and metallicity rate 

versus equivalent width of the MgII line can be obtained also. 

I n  a d d i t i o n ,  s e v e r a l  g a l a x i e s  w i t h  a l a r g e  ( V - R )  e x c e s s  t u r n  o u t  t o  b e a r  a d u s t  

l a n e .  
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Nethertheless all these calculations rely upon measurements which are not 

homogeneous (various observers and various instruments) and this could explain the 

relative scattering. Therefore a project of obtaining UBVRI photometric 

o b s e r v a t i o n s  o f  a l a r g e  part o f  t h e  Sandage and V i s v a n a t h a n  sample w i t h  t h e  has 

been u n d e r t a k e n  w i t h  t h e  aim o f  i m p r o v i n g  t h e  a c c u r a c y  o f  t h e  r e s u l t s .  
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Fig. I : Absolute magnitude V26 corrected from absorption versus metallicity rate. 

Dots are for Virgo galaxies, circles for Coma galaxies reduced to the distance of 

the Virgo cluster and crosses for Virgo dwarf galaxies. 
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A P E C U L I A R I T Y  I N  T H E  P H O T O M E T R I C  P R O F I L E S  

OF S O M E  SO G A L A X I E S  

F. Simien I and R. Michard 2 

iObservatoire de Lyon, F-69230 St Genis Laval 

2Observatoire de Nice, B.P.139, F-06003 Nice Cedex 

I. THE DATA 

We analyse the B-band surface photometry of four hlghly-inclined 

SO's, from a sample of 36 E/S0 galaxies (Michard 1984). 

II. THE PHOTOMETRIC PROFILES 
1/4 

In the r scale (Fig.l), the major-axls profiles show the upward 

convexity (bump above an r I/4" distribution) usually interpreted as 

resulting from bulge and disk contributions (see, e.g., de 

Vaucouleurs 1977). On the other hand, the minor-axls profiles 
I/4 

exhibit an upward concavity (dip below an r distribution), a 

peculiarity which makes unsatisfactory a representation in terms of 
1/4 

an r bulge of constant flattening. 

Fig.2 gives as an example a preliminary representation of the bulge 

of NGC 4638. The solid curves show a bulge model with constant axial 

ratio q=0.70, convolved with the Point Spread Function. Also shown 

is the minor axis of a similar bulge with q=0.53. A suitable bulge 

model, taking into account a realistic disk contribution, could be 

obtained only by relaxing one (an maybe both)of the following two 

conditions : i) the bulge obeys the r I/4" law, 2) q is constant. It 

seems that the latter condition implies a too high disk luminosity. 

III. CONCLUSION 

A preliminary analysis suggests that : a) the flattening of many SO 

bulges is variable with r, and the amplitude of this variation 

depends on the dlsk/bulge luminosity ratio, b) the maximum bulge 

flattening is observed in the intermediate region, where the 

disk relative brightness is maximum. 

We note that van der Kruit and Searle (1981) found evidence for a 

similar flattening effect in the outermost region of some spiral 
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galaxy bulges. In a forthcoming paper, we wlll use a 2-D mapping of 

each galaxy In order to further study the characteristics of both 

bulge and disk. A confirmation of the present hypothesis would lead 

us to ask whether the observed effect is the reponse of the bulge to 

the potential of the disk (Freeman 1980). N-body simulations of 

galaxy formation should eventually settle the question (Barnes and 

White 1984); but a scenario which could account quantitatively for 

the flattening variation is yet to be investigated. 
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