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Les est imat ions de m a s s e s de galaxies doubles sont obtenues 

sur la base des observat ions re"centes de 148 pa i r e s de galaxies 

pour lesquel les les v i t e s ses rad ia les des deux composantes ont e"te 

mesure*es. 

On montre que le rappor t m a s s e orbi tale moyenne sur lumi 

nosity depend essent ie l lement du type morphologique des galaxies 

doubles et du type d'inte'raction entre les deux composantes de la 

pa i re . Les va leurs minimales de ce rappor t sont obtenues pour les 

galaxies doubles dont les ca rac te r i s t iques d'inte'raction sont l inea i res , 

a savoir : ponts, queues, ainsi que pour les pa i r e s avec des com

posantes compactes et des galaxies de Markarian, 

La relat ion empirique entre le rappor t masse-luminosite" et 

la separation spatiale des composantes de pa i r e s ne montre pas de 

facon eVidente l 'exis tence de halos s te l la i res caches autour des 

galaxies doubles, 

I. The terminology p rob lem. In the recent studies (Turner , 

1976, Fesenko, 1976, Karachen t sev , 1974) the re has been shown 

the essent ia l importance of definition of a pair of galaxies and of 

s tat is t ical homogeneity of a sample of pa i r s for analysis of their 

dynamical state. The in terpreta t ion of la rge values of orbi tal m a s s e s 

of some double galaxies in t e r m s of "s tabi l i ty / ins tabi l i ty" of double 

sys tems or " p r e s e n c e / a b s e n c e " of hidden m a s s e s is dependent to a 

considerable degree on the es t imate of expected number of accidental 
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pa i r s in the sample under consideration. 

Two galaxies situated in space so close to each other t ha t 

the contribution of the neighbouring galaxies to potential energy of 

the pair is negligibly small a r e natural ly called a physical pai r . 

Pra t ica l ly , only observable values can be used in selection of dou

ble galaxies : apparent magnitudes, angular d i ame te r s , and pro jec

tions of mutual dis tances of galaxies. It is preferable that in m a 

king up a sample of pa i r s radial velocit ies of galaxies should not 

be taken into account in order to avoid an observat ional b ias . 

Apparently every cr i te r ion of a double galaxy must , if possible , 

satisfy the following conditions : 

a) to include in the sample a few accidental optical p a i r s , 

say, no more than ( IO - 2 0 ) %, 

b) to p r e s e r v e in the sample a considerable par t , say, 50% 

of physical pa i r s . The two conditions define a s ta t is t ica l efficiency 

of the cr i te r ion , 

c) the cr i te r ion must be synonymous, i. e, excluding a s i 

tuation when one galaxy could be a member of different p a i r s , 

d) the c r i te r ion must be symmet r i ca l re la t ive to the measu 

red values of both components of a pai r , but not that of galaxy's 

membersh ip of the pai r , 

e) application of the c r i te r ion must be convenient requir ing, 

in par t i cu la r , finite examination of the neighbouring galaxies . 

A number of c r i t e r i a for a pai r of galaxies have been sugges

ted by different authors (Lundmark, 192 7, Holmberg, 193 7, 

Karachentsev, 1972, Turner , 1976), Comparison of these c r i t e r i a in 

efficiency and other features mentioned is a special task which is 

not considered he re . 
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In this r epor t we confine ourse lves to a discussion of the data on 

the dynamics and morphological features of double galaxies from 

catalogue "CPG" (Karachentsev, 1972) which contains 603 nor thern 

sky pa i r s whose apparent magnitudes of components a r e br ighter than 

15™ 7. 

II. The basic data on the sample. In table I there presented 

the general data on the catalogue of 603 pa i r s of galaxies : the num

ber of the objects overlapping with catalogues by Holmberg (1937), 

CGCG (Zwicky et al. , 1961-1968), MCG (Vorontsov-Velyaminov et a l . , 

1962-19 68) and with a t l ases of interact ing galaxies by 

Vorontsov-Velyaminov (1959) and Arp (19 66). As can be seen from 

these data, more than half of the p a i r s (55%) have features of i n t e r 

action between the components. Using catalogue MCG we have the 

same rela t ive number of interact ing sys tems (190/332 = 56%), which 

confirms the rea l i ty of the indicated features of interact ion. As it i s 

known the appearances of interact ion between galaxies a r e quite d ive r 

se and difficult to be classified. Never the less the cases of i n t e r a c 

tion can be reduced to three bas ic types : a) the p re sence of l inear 

s t ruc tu res in the form of tai ls and br idges in the p a i r ' s components, 

"LIN", b) the distort ion of the shape of one or both components, 

"DIS", c) the p resence of the amorphous or shredded a tmosphere 

which envelopes the components, "ATM". According to the data of 

Table I each of these types of interact ion occurs in the sample of 

pa i r s at about the same frequency. 

In the las t l ines of Table I t he re indicated the number of pa i r s 

with different combinations of morphological types of components, 

and also the number of double galaxies satisfying c r i t e r i a of i so la te -

ness with different levels of hardness . 
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The pre l iminary calculation shows that among strongly isolated 

pa i r s (cr i ter ion "++") the number of optical pa i r s is one order 

smal le r than in the p a i r s satisfying only the bas ic , soft ("--") 

c r i te r ion of the catalogue. 

Table I 

The numbers of double galaxies from catalogue CPG grouped 

in accordance with different features . 

Sample type Number 

All pa i r s 

Common with Holmberg 

Common with CGCG 

Common with MCG 

Common with Arp 

Common with AIG (VV) 

Interacting pa i r s 

"LIN" - interact ing 

"DIS" - interact ing 

"ATM" - interact ing 

Interacting according to MCG 

" E E " - pa i r s 

"ES ,SE" - pa i r s 

"SS" - pa i r s 

Strongly isolated ("+ +") 

Medium isolated ("+ -, - +") 

Weakly isolated ("- -") 

6 0 3 

108 

176 

336 

84 

81 

332 

104 

133 

95 

190 

79 

165 

359 

2 0 4 

243 

156 
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III. Dynamical state of pa i r s of galaxies. The problem of 

motion of galaxies in pa i r s was studied by many authors . In the 

c lass ical works by Page (1952, 1961) a method was developed for 

determination of the mean m a s s of double galaxies under assumpt ion 

of c i rcular motions of components. Also the r e g r e s s i o n s of radia l 

velocity difference of components on the projection of their mutual 

distance, E d V I x> , were calculated by Page for the 

cases of c i rcular and parabol ic motions. Later on the problem of 

determining the type of motion in pa i r s by E JAV I x l - r e g r e s 

sion method was considered by Zonn (1968), Karachentsev (1970), 

Noerdlinger (1975) and Turner (1976). Another method based on the 

dependence of the double galaxy m a s s distr ibution on the supposed 

type of motion in pa i r s was employed by Page (1952), Karachentsev 

and Shcherbanovsky (1970), Jenner (1974), and Karachentsev (1975). 

These studies differ by both the observat ional ma te r i a l used and the 

completeness of the analysis of different types of motion in double 

galaxies. The absence of the common opinion with the authors of 

the papers mentioned on the dominant type of motion in p a i r s i s 

apparently caused by the lack and inhomogeneity of the s ta t i s t ica l 

data. 

The subject of our further discussion will be the sample of 

148 double galaxies from catalogue CPG in which a difference of 

radial velocit ies of the components has been measured . In compar i 

son with the data presented ea r l i e r (Karachentsev, 19 75), h e r e a r e 

used the resu l t s of the late radia l velocity measu remen t s by 

Karachentsev et al. (1976), Turner (1976), Tully (private communi-

cation) and Karachentsev (1976), 

i - Besides , to make the homogeneity of the sample bet ter we have 

excluded from the l is t (Karachentsev, 1975) 31 southern and faint 

pa i r s which a r e not contained in CPG. 
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For any pair of galaxies, which has the difference of radia l 

veloci t ies , V , the projection of the l inear distance between the 

components, x , and the integral luminosity, L , the unbiased e s 

t imate of the orbital mass - to - luminos i ty rat io , f =y*U / L , is 

f = (32/3 TT) (I - 2 e 2 / 3 ) _ I X _ I ( & V 2 - &Z ) . x. L _ I , 
r fov 

w h e r e Jf i s the g r a v i t a t i o n a l cons t an t , e i s the o r b i t a l e c c e n t r i c i t y , 

and (J* i s the r o o t m e a n s q u a r e e r r o r of the r a d i a l v e l o c i t y 

d i f f e rence m e a s u r e m e n t . F o r the s a k e of c e r t a i n t y l e t u s confine 

o u r s e l v e s to the c a s e of c i r c u l a r m o t i o n s ( e = O) a t which the 

va lue of f i s m i n i m u m . 

With no r e g a r d for five obv ious ly op t i ca l p a i r s ( s e e the d i s 

c u s s i o n below) the m e a n va lue of c i r c u l a r m a s s - t o - l u m i n o s i t y r a t i o 

for 143 p a i r s i s (18 + 5) f. a t H u b b l e ' s c o n s t a n t H = 75 k m / s Mpc. 

T a b l e II 

T h e m e a n u n b i a s e d v a l u e of the c i r c u l a r m a s s - t o - l u m i n o s i t y 

r a t i o and the s t a n d a r d e r r o r of the m e a n for d i f fe ren t s a m p l e s of 

double g a l a x i e s . 

S a m p l e n <^f > i ^~ t 

All pa i r s 

"EE" 

"ES.SE" 

"SS" 

"LIN" 

"DIS" 

"ATM" 

Compact 
Markarian 
"+ +" 
"+ -, - +" 
it i i 

143 

19 

31 

93 

35 

43 

28 

33 
28 
56 
58 
29 

18 

17 

39 

11 

7 

32 

12 

14 
i o 
11 
24 
21 

± 5 

± 6 

± 13 

± 5 

± 3 

± 12 

± 4 

+ 5 
+ 7 
+ 6 
+ 8 

+ 9 
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In table II the re presented the mean values , ^ f ^ , with indication 

of standard e r r o r s of the mean, ^V»-f » anc* the sample numbers , 

n , for the p a i r s grouped according to the morphological type of the 

components, the type of interact ion, and the degree of pair isolate -

ness . Separately a r e given the pa i r s whose m e m b e r s a r e compact 

Zwicky's galaxies and blue Markar ian objects. 

Consideration of this data allows to draw the following conclusions : 

i) the mean orbital mass - to - luminos i ty ra t io for 143 pa i r s 

is essential ly smal le r (by a factor 5) than the es t imate by Page 

(1961) and only 2-3 t imes the normal value found from the rotation 

of galaxies, 

ii) in "SS" - pa i r s the value of £ f ^ i s about a factor 2 

smal le r than in " E E " - and "ES" - p a i r s , 

iii) p a i r s of galaxies with different types of interact ion be t 

ween the components have markedly different values of ^ f " > » 

iv) mass - to - luminos i ty rat io has a tendency to dec rea se from 

weakly isolated pa i r s to strongly isolated, which may evidence for 

a presence of optical pa i r s in the sample. 

Let us consider each of these points separat ly, 

i. In the recent paper by Turner (1976), where the author 

has paid the most thoroughful attention to the question of the puri ty 

and homogeneity of the sample of double galaxies, the mean c i rcu lar 

mass - to - luminos i ty ra t io ^ f ]> = 90ffi> at H - 75 k m / s Mpc 

turned out to be quite close to P a g e ' s es t imate . The difference bet 

ween T u r n e r ' s and our es t imates is apparently caused ra ther by 

the softness of the c r i te r ion of double galaxies he used than by the 

smal le r (about 2 t imes) population of T u r n e r ' s sample, 
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Indeed, out of 156 T u r n e r ' s pa i r s more than half of them (80 pa i rs ) 

a r e contained in CPG, however, only one pair out 8 optical pa i r s 

according to Turner (those in which I ^ V | ^> 425 k m / s ) appears 

in our catalogue. The distr ibution of the l inear distance projection 

for 143 pa i r s i s s teeper when x ^> / x S ( s e e Fig. I) than the 
1/2 

distr ibution N (x) v/^ x obtained by Turner . Therefore we suggest 

that the difference of S f *> - e s t ima te s , 18f_ « > 90L» , a r e due to 

a smal le r number of optical pa i r s in our sample. 

Fig. I. The distr ibution of the l inear distance project ion for 143 

double galaxies. The pa i r s with different morphological type of 

galaxies a r e marked by var ious symbols : 

0 E E , S - ES, SE, H ss. 

https://doi.org/10.1017/S0252921100053744 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100053744


329 

ii. According to Turner (1976) the mean ratio f_/fe is 

2, O + O, 5, which corresponds approximately to the data in Table II. 

Note, however, that < f̂̂ > is essentially dependent on the presence 

in the sample of one or several pairs having large values of f. 

If one excludes the pairs with f > 100f_ as optical, we have then 

<-fSS> = ( 4 ± 3 ) f© > ^ f E S > = ( H ± 5 ) f© , a n d < £ E E > =(17±6)f® ' 

As can be seen from Fig, I, the pairs with one or both E-com-

ponents have on the average smaller mutual distances than SS- pairs. 

This fact resembles the known segregation of E- and S- galaxies in 

clusters. The difference in luminosities of E- and S- components is 

not large : < m - m >= O , 12 + O, 08 over 131 pairs with the 
E S 

mixed morphological composition, 

iii. The progress in explaining of interaction phenomena for 

double galaxies on the basis of tidal theory (Toomre, 1974) will ap

parently allow to link the morphological pecularities of interaction 

with the parameters of interacting galaxies and also with the phase 

of their orbital motion. As far as we know, no definite attempts 

have been made to compare the kinematic data, j &V , x l , 

with the presence of certain tidal features of the pair's components. 

In order to draw attention to this point we present in Table 3 the 

following data : the type or interaction, the number of pairs from 

CPG with the given type of interaction, the relative number of ellip

tical galaxies in each sample, E (%), the mean linear distance bet

ween components in projection, x , maximum linear separation, 

x m a x , and the circular mass-to-luminosity ratio, < f̂>> . The 

latter three values refer only to the pairs with the measured radial 

velocities of components. This data gives the initial notion about the 

effective radius of each type of interaction. 
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As can be seen, the <C f > - values a r e close in the majori ty of 

cases to the normal value calculated from rotation of galaxies. 

Let us point out an interest ing feature which is not evident 

in the theory of tidal phenomena. In the pa i r s , where the s t ruc ture 

distort ion occurs only in one component, they a r e observed mostly 

(61%) in the br ighter component. 

iv. As i t was stated above, five pa i r s of galaxies (n°110, 

160,344,357,391 in CPG) were excluded from the consideration as 

optical. All of them do not show any dist inct signs of physical 

interconnection and have f ^ 500 f0 . In each pair the fainter 

component has a l a rge r radial velocity. 

Table III, 

The p a r a m e t e r s of interact ing double galaxies 

:Type of interaction 

("bridge" 

"LIN" ("bridge+tail" 

("tail" 

: "DIS" ( ° n e 

: (both 

(amorphous 
: " A T M " / U AA A 

(shredded 

: Noninteracting 

Number 

of pa i r s 

49 

22 

33 

87 

46 

37 

58 

271 

E(%) 

14 

18 

32 

18 

4 

90 

32 

26 

< * > 

kpc 

20 

25 

20 

29 

22 

12 

12 

52 

X 

max 
kpc 

73 

41 

109 

96 

88 

23 

42 

179 

<f>±<T< f >: 

k> 

1 0 + 5 

5 + 4 

2 + 5 

5 8 + 2 2 : 

8 + 1 0 : 

9 + 5 : 

1 3 + 5 

18+ 9 : 
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If, according to Fesenko (1975), one cons ideres any pai r 

with f >̂ lOOfgj a s optical, it i s n e c e s s a r y then to exclude eight 

more pa i r s (n°127, 202, 210, 218, 349, 356, 396, 419) from 143. 

Fo r the components of seven pa i r s the re also take place the coin

cidence of / \ m - and &V - s igns , which inc rease the suspicion 
r 

that they a r e fictitious. By a r b i t r a r y combination of galaxies with 

the measured radial veloci t ies from CPG we have obtained a sample 

of surely accidental pa i r s in whose components the frequency of 

C\ m- and /^V - sign coincidence i s 0. 84 +_ 0. 04 . This confirms 

the supposition on the accidental nature of pa i r s with f̂ >100f_ ). 

The exclusion of these 8 pa i r s levels the difference in <. f^ between 

strongly and weakly isolated pa i r s . So without 9% pa i r s t rea ted as 

a resul t of accidental projection the mean c i rcu la r m a s s - t o - l u m i n o 

sity rat io, <.f>- = (8 + 3) f& , i s in excellent agreement with the 

normal value calculated from the inner motion of s t a r s in galaxies 

(Chiao and Reinchardt , 19 73, F a b e r and Jackson, 1976). 

On the other hand, 5 out of 8 p a i r s having f^ 100 f_ show 

interact ion signs. So the m e m b e r s of the n e a r e s t pa i r n°218, M81 

and M82, have a weak bridge visible in the optical-and r a d i o - r a n g e 

and consequently belong to united physical system. F o r any type of 

their orbi tal motion the minimum value of the orbi tal m a s s - t o - l u m i 

nosity rat io , 37 f~ , is too large for the la te- type galaxies . Ap

parently new careful observat ion a r e needed to check up the p r e s e n 

ce of physical connection in the components of double galaxies with 

a la rge difference of radia l velocity. 

* - We do not d iscuss other var ian ts of explaining this effect viz. 

a) the existence of non-Doppler redshifts dependent on the luminosity 

of galactic nucleus, b) mutual removing of the p a i r ' s components enve

loped in an absorbing mat te r , etc. 
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IV. On the absence of mass ive haloes around double galaxies. 

Os t r iker and Peebles (1973), and Einasto et al. (19 74) supposed 

that around galaxies there existed mass ive hidden haloes wich 

extended to dis tances of 0. 1 - I. 0 Mpc. One of Einas to ' s argument 

in favour of the p resence of haloes was the dependence of double 

galaxy orbital m a s s on the distance between is t components. The 

data on 143 double galaxies r ep re sen t s the most suitable ma te r i a l 

for checking this hypothesis. 

• 8 - T H — n 1 r 

no 

80 

MO-

/ / / . 
•?A • • ' * * 

-no-

•BO

ZO MO SO 80 y 100 izo 1M0 ffO 180 
*KPC 

Fig . II. The distr ibution of the unbiased value of the c i rcu lar 

mass - to - luminos i ty rat io , f/f^ , and of the l inear distance 

projection for 148 pa i r s . Five optical pa i r s a r e denoted by open 

c i rc les at the top of the F igure . 
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In Fig . II there presented the distribution of the orbi tal 

mass- to- luminos i ty r a t i o , f , and of the projection of l inear 

distance between the components, x, , for 143 pa i r s . Note that 
kpc 

the negative values of f correspond to the p a i r s in which the 
difference or radial velocit ies is smal le r than the e r r o r of i t s 

2 . , 2 
measurement , A V < . <3̂  . As it can be s e e n , the re i s no 

** r ^ &v 

systematic inc rease fo f (x). Fo r 8 pa i r s with x ">• 100 kpc we ha

ve < f | x >> 100 kpc > = (-16 + 10) f0 . Since the dis tance x 

is introduced as a mult ipl ier in the m a s s es t imate , over est imation 

of radial velocity e r r o r s for the components of wide p a i r s may 

affect in a sys temat ica l way on the dependence •<. f | x >̂ . 

However, assuming e v e n T = 0 we have ^ f J xS. 100 k p c ^ = 

(20 +_ 8) f_ . Thus the data considered does not provide any evi

dence for existence of mass ive hidden haloes around double galaxies. 

V. Concluding remark . We consider it n e c e s s a r y to emphasize 

that only one fourth of the CPG- pa i r s is covered by spec t ra l 

observat ions. The reasons affecting the selection of this or that 

pair for radial velocity measuremen t varied. Therefore the sample 

we have considered may contain a number of b iases which a r e 

difficult to be s ta t is t ical ly analyzed. We hope that the answer to 

the question on the dynamical state of double galaxies will be ob

tained after the accomplishment of spec t ra l survey of the whole 

catalogue of double galaxies. 
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