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ABSTRACT. The distribution of morphologica4 type8 Qff ga&a%i@S in 

compact group8 is etudied on plates from the  6 fll hgJersaape, In 

compact groups there are 57% galaxies of lake marpbakqical types 

(S + Irr), 23% lsnticulars (SO) and 20% e;2l,ipi@al g@la&iss, The 

morphological content of compact groups i s  vary nearly thg same 

as in loose groups, There is no dependence of galaxy morphology 

on density in all, compact groups (and possibly In ‘l,oo$ia 

groups), Genuine compact group$ form only 60% 14 

I NTRODUCTPON 

As numerical calculations show (Tshiaawa e t  a i , ,  198Sr 

Mamon, 1987; Barnes, 1988) the dynamical evollueion of small CZQse 

systems of galaxies must lead to formation of elliptioat galaxies 

after successive: merging of’ all its neighbors to the cernkre31 

galaxy, To test the results of such calculation$ In 

observations, the most suitable objects are compact groups sf 

galaxies, a homogineous list of which i e  pr@-ssnt.std by Hisakson 

(1982). There were also earlier lists of compact: qroups of  

galaxies compiled by Shakhbasian and her collleagues (1973) and 
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a l s o  t h e  list of  Roe (19771,  b u t  t h e s e  r e s u l t s  c o u l d  n o t  be used 

for s t a t i s t i c a l  c o n c l u s i o n s ,  because  of t h e  sample b e i n g  

incomple t e  or g r o u p  s e l e c t i o n  c r i te r ia  be ing  a p p l i e d  i n c o r r e c t l y .  

I n  H i c k s o n ' s  list (1982)  t h e  s p a c e  d e n s i t y  of g a l a x i e s  i n  

t h e  g roup  r e a c h e s  l o 6  gal/Mpc and i n t e r a c t i o n  e f f e c t s  may be 

e x p e c t e d  t o  a p p e a r  must s t r o n g l y  maximally i n  such  groups. I f  

t h e  numer i ca l  c a l c u l a t i o n s  are correct, and t h e  compact g r o u p s  

are p h y s i c a l l y  r e l a t e d  sys t ems  w i t h  s u f f i c i e n t  l i f e t i m e s  f o r  

e v o l u t i o n a r y  change ,  t h e  morpho log ica l  c o n t e n t  must 

s y s t e m a t i c a l l y  d i f f e r  between compact g roups  and looser g r o u p s  of 

g a l a x i e s .  

A s  g a l a x y  c l a s s i f i c a t i o n  u s i n g  p l a t e s  o b t a i n e d  w i t h  a wide- 

a n g l e  t e l e s c o p e  l e a d s  to  s i g n i f i c a n t  losses of  s p i r a l  g a l a x i e s  

( W i r t h  and G a l l a g h e r ,  1980)  morphology of  g a l a x i e s  i n  compact 

g r o u p s  w a s  de t e rmined  based on l a r g e - s c a l e  p la tes  o b t a i n e d  by t h e  

a u t h o r  a t  t h e  6 m telescope. The f i r s t  r e s u l t s  were o b t a i n e d  

s t u d y i n g  40 g r o u p s .  A d d i t i o n  of twenty  more p la tes  d i d  n o t  

change  t h e  main c o n c l u s i o n s  of t h e  w o r k  (Tikhonov,  1986)  b u t  a t  

t h e  same t i m e  a l lowed  f u r t h e r  s p e c i f i c a t i o n  of  t h e  r e s u l t s .  

OSBSERVATIONS 

P h o t o g r a p h i c  o b s e r v a t i o n s  were c a r r i e d  o u t  by t h e  a u t h o r  i n  

1984-85 w i t h  t h e  6 m telescope of t h e  S p e c i a l  A s t r o p h y s i c a l  

O b s e r v a t o r y ,  USSR Academy of  S c i e n c e s ,  plates were o b t a i n e d  a t  

t h e  prime 24 m f o c u s  of t h e  telescope. The large scale of t h e  

p l a t e s  (8.19"/mm) a l l o w e d  d e t e r m i n a t i o n  of t h e  g a l a x y  t y p e  

I 06 



confidently, using the Hubble classification. Almost all the 

plates were obtained using IIaO and 103a0 emulsions in the "B" 

system. 

When obtaining the plates the emphasis was on close groups 

where morphology is impossible to study using the POSS, on groups 

possessing a small number of spiral galaxies and groups showing 

traces of interaction between galaxies. Plates of 60 compact 

groups with the numbers: 1, 2, 3, 5, 6, 7, 8, 10, 12, 13, 14, 

15, 17, 20, 25, 34, 35, 38, 39, 41, 43, 45, 46, 49, 50, 51, 54, 

56, 57, 58, 61, 66, 68, 70, 71, 72, 73, 74, 75, 76, 77, 78, 80, 

81, 82, 84, 85, 88, 89, 92, 93, 94, 95, 96, 97, 98, 99, and 100 

were obtained. 

These plates were later used for photometry of galaxies in 

groups. 

Besides photographic observations, at the 6 m telescope 

spectral observations of about 60 galaxies in various groups and 

group neighborhoods were carried out. This allowed estimation of 

dynamic mass of groups, the ratio MVT/L and comparison of compact 

and loose groups of galaxies more completely. However, this 

article deals only with morphology of galaxies in groups, 

considering the results of spectral. observations, as well. 

CRITICAL REMARKS 

The list of compact groups by Hickson (1982) is the most 

complete and homogeneous oE all the existing ones. Unfortunately 

it also contains errors, mainly associated with the isolation 

criterion. 
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Precise p o s i t i o n  measurement  of g a l a x i e s  on t h e  6 meter 

t e l e s c o p e  p l a t e s  h a s  shown t h a t  t h e  i s o l a t i o n  c r i t e r i o n  is b r o k e n  

r a t h e r  o f t e n ,  i .e . ,  t h a t  i n s i d e  t h e  3RG c i rc le  g a l a x i e s  b r i g h t e r  

t h a n  (ma - 3)  are p r e s e n t .  I n c l u d i n g  s u c h  g a l a x i e s  i n t o  t h e  

g r o u p  b r e a k s  t h e  o t h e r  g r o u p  selection c r i t e r i a ,  and w e  c a n n o t  

t h e r e a f t e r  c o n s i d e r  s u c h  g r o u p s  compact and isolated.  I c a n  g i v e  

some examples  of s u c h  g r o u p s :  1, 1 2 ,  20,  45 ,  46,  57, 70, 71, 72, 

76, 83 ,  94. 

R a d i a l  v e l o c i t y  measurements  of g a l a x i e s  i n  some compact 

g r o u p s  and s t u d y  of  o t h e r  a u t h o r s '  r e s u l t s  l e d  u s  t o  a new 

r e v i s i o n  of t h e  compact g r o u p s  l i s t .  Some q u a r t e t s  t u r n e d  i n t o  

t r i p l e t s  and w e  s h o u l d  n o t  c o n s i d e r  them g r o u p s  a c c o r d i n g  t o  

H i c k s o n ' s  c r i t e r i a  (N - > 4 ) .  They are g r o u p s  38 ,  61, 77 ,  and 

p r o b a b l y  some o t h e r s .  Groups 18 and 54 are s i n g l e  g a l a x i e s  w i t h  

H I 1  r e g i o n s  ( W i l l i a m s  and van Gorkom, 1988; Arkhipova  e t  a l . ,  

1 9 8 1 )  and t h e y  must  a l so  be e x c l u d e d  from t h e  l i s t .  

Radial  v e l o c i t i e s  o b t a i n e d  on t h e  6 meter t e l e s c o p e  and a l so  

compar i son  of H i c k s o n ' s  list ( 1 9 8 2 )  w i t h  t h e  g r o u p  lists of o t h e r  

a u t h o r s  showed t h a t  some compact g r o u p s  are c e n t r a l  c o n d e n s a t i o n s  

i n  loose g r o u p s  and w e  must  n o t  c o n s i d e r  them i s o l a t e d .  They are 

t h e  g r o u p s :  8 ,  1 0 ,  35,  4 4 ,  58,  60 ,  61 ,  68,  79,  and 95. Absence 

o f  complete d a t a  on r a d i a l  v e l o c i t i e s  of compact g r o u p s  of  

g a l a x i e s  and n e i g h b o r i n g  g a l a x i e s  does  n o t  allow m e  t o  e n l a r g e  

t h e  l i s t .  

So t h e  i n i t i a l  l ist of Hickson  c o n t a i n s  s e v e r a l  t y p e s  of 

o b j e c t s :  n u c l e i  of loose g r o u p s  of  g a l a x i e s ,  compact g r o u p s ,  

d o u b l e  or  t r i p l e  g a l a x i e s  w i t h  background g a l a x y  s u p e r p o s i t i o n  , 
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s i n g l e  g a l a x i e s  w i t h  H I 1  r e g i o n s .  T h i s  s h o u l d  be borne  i n  mind 

when d i s c u s s i n g  t h e  m o r p h o l o g i c a l  compos i t ion  of compact g r o u p s  

from Hickson ' s  list (1982) .  

RESULTS AND DISCUSSION 

I n  t h e  59 g r o u p s  of g a l a x i e s  f o r  which d i r e c t  p la tes  were 

o b t a i n e d  ( e x c l u d i n g  g roup  5 4 )  278 g a l a x i e s  were c l a s s i f i e d .  The 

r e s u l t s  are p r e s e n t e d  i n  T a b l e  1. 

TABLE 1 

GALAXY CLASSIFICATION I N  COMPACT AND LOOSE GROUPS OF GALAXIES 

~~ 

Groups S SO E The Au thor s  

loose 

loose 

loose 

compact 

compact 

compact 

compact 

compact 

65 18 

62 20 

64 20 

38 28 

46 

61 26 

57 23 

61  22 

-- 

10 Bhavsa r ,  1981 

17  d e  Souza e t  a l .  , 1982 

1 5  d e  Souza e t  a l . ,  1982 

34 Hickson ( f rom W i l l i a m s  and Rood, 1987)  

-- Hickson and K i n d l ,  1988,  60 g r o u p s  

1 3  W i l l i a m s  and Rood, 1987,  60 g r o u p s  

20 6 m telescope, 60 g r o u p s  

17  t h e  f i r s t - r a n k e d  g a l a x i e s ,  
6 m telescope, 60 g r o u p s  

~~ 

The r e s u l t s  of T a b l e  1 show great scat ter  of t h e  r e s u l t s  

when t h e  same groups  of galaxies  are used .  T h i s  is l a r g e l y  

I09 



c a u s e d  by t h e  s m a l l  a p p a r e n t  s i z e  of t h e  g a l a x i e s ,  and i n  t h i s  

case t h e  number of  g a l a x i e s  c l a s s i f i e d  as sp i r a l s  must r e d u c e  

when p a s s i n g  from n e a r  t o  d i s t a n t  g roups .  I n  F i g u r e  1 t h e  

r e l a t i o n  between s p i r a l - g a l a x y  f r a c t i o n  i n  t h e  g roup  and t h e  

d i s t a n c e  t o  t h e  g roup ,  a c c o r d i n g  t o  H i c k s o n  and Kindl  (1989)  is 

shown. The d e c r e a s e  i n  number from -60% i n  nearby  g roups  to  20% 

i n  d i s t a n t  ones  is c l e a r l y  s e e n .  The d e c r e a s e  b e g i n s  w i t h  2 = 

0.04; t h i s  is t h e  v e r y  l i m i t  of  d i s t a n c e  up t o  which w e  can  

c l a s s i f y  g a l a x i e s  c o r r e c t l y  w i t h  good imaging. 

F i g u r e  1. Changing of  t h e  number of s p i r a l  g a l a x i e s  i n  compact 

g r o u p s  th rough  d i s t a n c e s  ( f rom t h e  d a t a  of Hickson and K i n d l ,  

1988)  . 
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S i n c e  loose g r o u p s  of  g a l a x i e s  are as a r u l e  a t  close 

d i s t a n c e s ,  m i s c l a s s i f  i c a t i o n s  are less p o s s i b l e  f o r  them. So, 

t h e  m o r p h o l o g i c a l  c o m p o s i t i o n  of  compact g r o u p s  is o n l y  s l i g h t l y  

d i f f e r e n t  f rom t h e  c o m p o s i t i o n  of  loose g r o u p s .  Among t h e  

b r i g h t e s t  g a l a x i e s  i n  t h e  compact g r o u p s  s p i r a l  g a l a x i e s  

c o n s t i t u t e  61%, which i n d i c a t e s  t h a t  m o r p h o l o g i c a l  t y p e  is 

p r e s e r v e d  d u r i n g  merging  or t h a t  merging  is rare. 

I n t e r a c t i n g  g a l a x i e s  are o b s e r v e d  i n  31 of 59 g r o u p s ,  b u t  

t h e s e  are i n t e r a c t i o n s  of p a i r s  of  g a l a x i e s .  I n  s e v e n  g r o u p s  

i n t e r a c t i o n  of t h r e e  or more g a l a x i e s  is o b s e r v e d .  They are t h e  

g r o u p s  2 ,  38 ,  49,  70B, 80 ,  92 ,  95. I n  o n l y  t w o  cases a l l  f o u r  

g a l a x i e s  are i n t e r a c t i n g  ( g r o u p s  49 and 8 0 ) .  A s  f o r  g a l a x y  

merg ing ,  it is o b s e r v e d  o n l y  i n  Group 8.  The p r o c e s s e s  of  g a l a x y  

merging  are v e r y  rare which l e a d s  t o  p r e s e r v a t i o n  o f  

m o r p h o l o g i c a l  c o m p o s i t i o n  i n  t h e  g r o u p s .  

The s i m i l a r i t y  between compact and loose g r o u p s  is s e e n  a l s o  

f rom compar ing  t h e  "Morphology-dens i ty"  r e l a t i o n .  From Dressler 

( 1 9 8 0 )  t h i s  r e l a t i o n  is known f o r  c l u s t e r s  of  g a l a x i e s .  Later it 

w a s  o b t a i n e d  for smaller g r o u p s  of  g a l a x i e s ,  too ( B h a v s a r ,  1981;  

d e  Souza e t  a l . ,  1982; Postman and Geller, 1 9 8 4 ) .  A f t e r  r a d i a l  

v e l o c i t y  measurements  and d e t e r m i n a t i o n  of space d e n s i t y  of t h e  

g a l a x i e s  w i t h  t h e  6 meter telescope it became clear t h a t  compact  

g r o u p s  do n o t  f o l l o w  Dressler's "morphology-dens i ty"  r e l a t i o n .  

A s  f o r  compact and loose g r o u p s  o f  g a l a x i e s  t h e  i d e n t i c a l  

m o r h p h o l o g i c a l  c o m p o s i t i o n  and  s p a t i a l  d e n s i t y  of compact and 

loose g r o u p s  s u g g e s t  t h a t  a c o n t i n u o u s  "morphology-dens i ty"  

r e l a t i o n  must  be o b s e r v e d  €or small  g r o u p s  of any compac tness .  



I n  F i g u r e  2 t h e  r e s u l t s  a f t e r  combining t h e  d a t a  by s e v e r a l  

a u t h o r s  are p r e s e n t e d .  I t  is s e e n ,  t h a t  w i t h  s p a c e  d e n s i t i e s  
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t h i s  s h i f t  is p r e s e n t  for both  compact and loose g roups  of 

g a l a x i e s .  The m o s t  p r o b a b l e  reason f o r  such  a s h i f t  is t h e  

p r e s e n c e  of a r e l a t i o n  n o t  o n l y  w i t h  s p a c e  d e n s i t y  of g a l a x i e s ,  

2 gal/Mpc3 a s h i f t  from Dressler's r e l a t i o n  is o u t l i n e d ,  and 

b u t  also w i t h  t h e  number of g a l a x i e s  i n  t h e  group.  

F i g u r e  2. Norphology-densi ty  r e l a t i o n  f o r  compact and loose 
g roups  of g a l a x i e s .  

x x x - Bhavsar  (19811, 

o o o - d e  Souza e t  a l .  (19821,  

. . . - Postman and Geller (19841, 

e---- - Dressler (19801,  

* * * - Tikhonov, t h i s  pape r .  
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CONCLUSIONS 

In the list by Hickson (1982) genuine compact groups 

constitute about 60%. 

Compact and loose groups of galaxies possess identical 

morphological compositions. 

Compact (and loose) group do not follow Dressler's 

"morphology-densi ty" relation. 

In compact groups galaxy merging or absorption processes are 

rather small in number. 
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