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Abstract: We have explored the hypothesis that a compact subgroup lying within a dense environment as loose group of 

galaxies, at a certain stage of its evolutionary history, could be influenced by the action of the tidal field induced by the 

gravitational potential of the whole system. We argue that the empty ring observed in projection around many compact 

subgroups of galaxies embedded in larger hosts originates around the spherical surface drawn by the tidal radius where the 

internal binding force of the compact subgroup balances the external tidal force of the whole system. This effect would 

tear apart member galaxies situated close to this region determining a marked isolation of the subgroup from the rest of 

the host group. If so, subsequent evolution of these subgroups should not be affected by external influences as the infall of 

new surrounding galaxies on them. Following this idea we have developed a statistical method of investigation and per-

formed an application to point out such an effect studying a loose group of galaxies hosting a compact group in its central 

region. The system UZC 578 / HCG 68 seems to be a fair example of such hypothesized process.  
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1. INTRODUCTION 

In a recent paper [1] a detailed simulation based on the 
Millennium Run has been performed in order to investigate 
the spatial properties of compact groups. It has been found 
that simulated compact groups with four or more members 
may arise prevalently as dense configurations within looser 
galaxy groups and are deeply embedded near the center of 
their own dark matter halos. The former property has been 
confirmed by many observational studies [1 and references 
therein], [2], while the latter states that compact groups sink 
towards the center of their large dark halos so that, in projec-
tion, they appear spatially isolated from their environments. 
An effect that has been largely observed in previous studies 
on compact groups. In fact, one of the criteria to identify the 
famous HCG catalog of 100 compact groups was the ‘spatial 
isolation’ which states that no additional neighboring galax-
ies, in magnitude range or brighter of the group, should ap-
pear within a concentric circle of three times the angular 
diameter of the compact group [3] (note that [1], in order to 
make a comparison with the observations, selected their 
sample applying the same criterion). Then, the isolation is a 
characteristic property of those compact subgroups (CS 
hereafter) embedded in loose galaxy groups (LG hereafter). 
Such a typical configuration has been confirmed studying 
another sample of compact groups extracted from the 
CFA2+SSRS2 redshift survey (RSCGs) where the degree of 
isolation has been tested a posteriori of the selection [4]. We 
argue that these empty rings seen in projection around CSs 
are the result of dynamical processes driven by tidal fields  
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generated by the gravitational potentials of the host LGs. It is 
not clear, however, if the CS dark halos could be involved in 
the process which leads to the observed isolation of CSs 
from their parent LGs. Many N-body simulations have sug-
gested that the formation, evolution and survival of compact 
groups are strongly dependent on the environment in which 
they are embedded. For example, it has been proposed either 
that compact groups form continually in a single loose group 
during its collapse and virialization [5] or the replenishment 
of a compact group should be due to a process of secondary 
infall of surrounding galaxies [6]. On the other hand, some 
studies have focused on the role of the dark halo but with 
different results. For example, has been shown that compact 
groups are stable configurations if they are embedded in 
massive dark matter halos [7]. On the contrary, has been 
suggested a collapsing scenario where, starting from initial 
conditions as a “maximum expansion”, virialization and no 
primordial common dark halo, the observed properties of the 
today compact groups are well reproduced [8]. The interest-
ing property found by [1] in their simulations for which the 
CSs are confined at the center of their dark halos enable us to 
suppose that the halos may have a role in the formation of 
the empty rings. However, this hypothesis seems to be con-
tradicted by the fact that the CS scale radius is uncorrelated 
with the virial radius of the dark halo [1] that is, the degree 
of isolation of the CSs, given by the ratio of the two radii, is 
independent from the properties of their dark matter halos. 
Then, we can reasonably suppose that an external force as 
the tidal field generated by the gravitational potential of a 
LG hosting a CS may have played an important role on the 
evolutionary history of the CS. This is not a new idea, how-
ever, we know from the tidal theory that inside a homogene-
ous sphere, the radial component of the tidal field induced by 
the spherical potential is always tensile while in a heteroge-
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neous sphere it may reverse the sign from tensile to com-
pressive if the local density of the core region overcomes the 
mean density [9]. In principle, at a certain evolutionary phase 
of a LG, the core region may have had a flat density profile 
that switched the radial component of the tidal field from 
tensile to compressive. Then, at this stage, one may hypothe-
size that member galaxies located in the core region were 
“compressed” to form a CS within it. However, the nature of 
compressive tide is transient because the process of matter 
condensation in the core modifies the density profile from 
flat to cusp resetting the usual tensile mode. Many studies 
have explored the consequences of such effect; among oth-
ers, the effects of the mean tidal field of a cluster of galaxies 
on the internal dynamics of a disk galaxy traveling through it 
[10]; the same effect has been investigated for molecular 
cloud dynamics [11]; the formation of central massive ob-
jects in both late-type and early-type galaxies via compres-
sive tide [12] and so on. To study the complete evolutionary 
history of a CS from its formation to the final stage, i.e. to-
wards the so-called “fossil” groups [13], in the context of the 
tidal theory (both in compressive and tensile mode), one 
should take into account the merging effect [14,15] perform-
ing high-resolution numerical models, but it is not the aim of 
this paper. Instead, since gravitational forces are linear, we 
prefer to search for a statistical approach using optical and 
kinematic data to analyze the behavior of the tidal field in-
duced by the potential of a LG on a CS through the present-
day location of member galaxies as point-tracers of the total 
mass distribution. We start from the consideration that an 
existing CS, located approximately in the central region of a 
host LG, shows by itself that the overall tidal force is insuffi-
cient to disrupt it. This means that the internal binding force 
balances the external tidal field at a certain, say, zero tidal 
spherical surface traced from the CS center by the tidal ra-
dius where both effects cancel out. Consequently, external 
member galaxies close to that surface should be torn apart by 
the radial component of the tide leaving an empty ring 
around the CS. If this could be the physical process which 
leads to the characteristic configuration of a CS isolated 
from to the rest of the host LG, we expect to find the zero 
tidal surface falling within the boundaries of the empty ring. 
To disentangle this issue, in Ch. 2 we present a statistical 
method based on the tidal theory in order to study the behav-
ior of the tidal force due to a host potential on a central CS. 
Besides, in Ch.3 we present a case study as an example of 
how our hypothesis can be explored. Then, in Ch.4 we dis-
cuss our result and inferences drawn regarding the character-
istic isolation of a CS due to the action of the external tide. 
Finally, in Ch.5 the concluding remarks.  

2. THE TIDAL APPROXIMATION 

The present model assumes that the source of the tidal 
force is due to a time-independent gravitational potential 
generated by the “point mass” distribution of external galax-
ies (i.e. the member galaxies of the host LG not belonging to 
the CS) centered on the CS. Of course, the CS does not suf-
fer any kind of tidal effect if the LG members have a homo-
geneous and perfect spherical symmetric distribution. How-
ever, this symmetry holds only on average, so that, in princi-
ple, there could be a non-vanishing effect due to the devia-
tion from perfect isotropy. Generally, assuming the tidal ef-
fect as a static tidal limitation, the tidal radius is defined as 

the distance from the center of the perturbed object beyond 
which the tidal effect of the host potential exceed its self-
gravity. That is, the surface at which the forces cancel out 
each other is spatially fixed by the tidal radius beyond which 
the binding force dominates the internal dynamics of the CS, 
while external galaxies are torn apart by the tidal field. As 
usually, the Newtonian approximation of the tidal force can 
be expressed by 

babb

ba

ext

atidal
RFR

dRdR

d
F

2

,
 

where
ext

is the external potential and R  is the radius vec-

tor in the CS reference frame. Now, considering the CS at 

position vector 
c

r  from the observer under the action of N  

surrounding galaxies of the LG at a position 
g

r  and mass 

g
m , the external tidal potential is given by 

=
N

cg

g

ext
rr

m
G . 

As stated before, the CS is assumed to be a bound struc-

ture, so that, the equilibrium 
bindingtidal FF =  must be satis-

fied. Plugging in: 
2

R

M
F

tidal
=  where M  is the estimated 

mass of the CS and R  its virial radius. Then, the tidal radius 

is given by 

21

=
tidal

t

F

M
R  

where =
tidal

F
aaa

RF  ; 
aa

F  are the three eigenvalues corre-

sponding to the principal axes of the 3 x 3 symmetric matrix 

= ab

ba

N

g

ab

r

rr

r

m
F

23

3
 where 

cg
rrr =  and 

ab
 is the Kronecker delta. 

Note that a significant underestimation of 
tidal

F  can be 

due to a persisting divergence of its amplitude within the 

extension of the LG i.e. outside matter may increase (even if 

little) the net effect of the tidal tensor and/or the effect of 

selection which can flatten its estimate. In other words, we 

will obtain, if not the true, the lower 
tidal

F  limit as well as 

(consequently) the upper 
 
R

t
 limit! According to this conser-

vative line of analysis, we neglect the contribution to the 

tidal forces due to a non-zero Lambda cosmology.  

Note that if 
t

RR / >1 such a solution is wrong! The tidal 

radius cannot be smaller than the virial radius because signs 

of tidal disruption are not evident! Consequently, one or 

more sizes used in the computation may be either under or 

overestimated (e.g. the adopted virial mass and/or radius for 

the CS; the mass assigned to the external member galaxies of 
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the LG; the redshift distortion, etc.). Instead, if 
t

RR / <1, this 

is the necessary condition to demonstrate our hypothesis. 

However, to be also sufficient, the computed tidal radius 

should fall inside the boundaries of the empty ring. On the 

contrary, either the estimation of the tidal radius or our hy-

pothesis are wrong.  

3. APPLICATION 

3.1. Our Case Study 

To find support to our hypothesis we have searched for 

an observable relevant case based on a CS located within a 

LG. A fair candidate has been identified in the UZC-SSRS2 

group catalog [16] noting that one of them, UZC578, shows 

a very compact subgroup composed of five galaxies (out of 

22 belonging to the whole group) located in its central re-

gion. Then, using the LEDA database, that object was identi-

fied as the well-known compact group HCG68 at 

0078.0z  cataloged in [3]. A virial mass of 

sun
MhM

112
1048.1=  and a median projected separation 

of Mpch 1
033.0  (where h  is the Hubble constant in unit of 

11
100 MpcKms ) have been taken from [17]. UZC578 is 

located at 0079.0z  (from Table 3 of the UZC-SSRS2 

catalog [16]). It was identified using the friends of friends 

algorithm with a linking parameter that scales with increas-

ing redshift in order to take into account the galaxy selection 

function. Of course, to carry on our analysis we should as-

sume that both UZC 578 and HCG 68 are real, bound galaxy 

systems. This assumption is supported by the fact that they 

are located within the fiducial limit of 01.0z  under which 

the redshift bias and the selection effect in separation could 

be considered negligible. However, it should not be taken for 

granted since, as recently reported [18], an apparently com-

pact group as M60 situated within Virgo cluster turns out to 

be the result of chance alignments of four galaxies casting 

many doubts on the reality of compact groups. In any case, 

HCG68 has been deeply studied [19-24] and its physical 

consistency has been generally accepted. Besides, HCG68 

has been classified as a Type B group, i.e. a system contain-

ing a large fraction of interacting and merging galaxies as 

expected from a real compact group [25]. Finally, the angu-

lar separation between the centers of HCG68 and UZC578 is 

10 arcmin showing a slight off-center position. The ampli-

tude of the separation is not so large to exclude the “concen-

tricity” of the two objects since, in principle, galaxies inside 

a potential well could appear distributed anisotropically with 

respect to the location from which it originate. 

3.2. Simplifying Assumptions  

We are mainly interested in showing a method of analy-

sis than performing a rigorous computation of the tidal force. 

Unfortunately, the redshift gives only the radial component 

of a recession velocity however, an exact evaluation of the 

tidal force would require the 3D position of the mass tracers. 

This is the main bias which affects our application because 

the true positions of member galaxies are not available. To 

simplify the application we are forced to adopt as a crude 

distance indicator the projected distances calculated by the 

conventional 
 
cz sin / 100h( )  where cz  is the heliocentric 

radial velocity and  is the angular separation between the 

CS centroid and the Nth surrounding galaxy. All distances 

have been corrected for the conventional projection factor 

2 . This assumption could be supported by the following 

considerations: i) galaxies within virialized groups having, 

on average, nearly isotropic orbits [26,27], their peculiar 

velocities, on average, should not be too large and, ii) be-

cause of working in a local rest frame where the dominant 

motion of the objects would be a common flow in the mi-

crowave background rest frame, the difference would be 

only a coordinate translation so that, no corrections are 

needed for bulk flow effect. Taking into account these ap-

proximations, we complete the input data adopting a virial 

radius R of Mpch 1
065.0  for HCG 68 obtained from the 

ROSAT X-ray observations [20,28]. 

3.3. Error in Estimating the Tidal Force 

The galaxy mass 
g

m  is the only free parameter. One 

may assign a common averaged mass to the sample of galax-

ies under analysis [29], but this approach cannot give infor-

mation about the uncertainty affecting the evaluation of the 

tidal force from an unknown mass distribution. Statistical 

techniques can help us to estimate the error introduced by 

g
m . To assess the variability of the tidal force,  n = 1000  

computations of 
tidal

F  have been done assigning to each of 

the 17 member galaxies of UZC 578 a value of 
g

m  ran-

domly picked from a normally distributed interval 

 
2 10

11
,3 10

12
h

1
M

sun
 while their projected positions 

remain fixed. Then, 
tidal

F  and its standard deviation 
tidal

 

has been computed averaging the n  outputs. The mass in-

terval is assumed to approximate the real range of galaxy 

mass from late to early morphological types excluding ex-

treme values for dwarf and giant objects.  

4. RESULT AND DISCUSSION 

From the computation we have found that the average 

amplitude of the tidal force 
 
F

tidal
 is 

 
3.3 1013

± 0.7hMpc 2 M
Sun

 and the tidal radius 
t

R  is 

 0.211± 0.027h 1 Mpc  (the error is the conventional 1
tidal

 

scatter around the average value). Then, the ratio 

13.0/ <=
t

RR . Because the closest external galaxy to the 

zero-tidal surface defined by 
t

R  is located at a mean dis-

tance of Mpch 1
36.0  from the central structure, this re-

sult implicates that the ring around HCG 68 is an empty 

space without external member galaxies brighter than the 

magnitude limit. So, the zero-tidal surface cuts the ring into 

two (almost) equal parts, according to our expectation and 

supporting, at least in this case, our hypothesis that the isola-
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tion of the CSs correlates with the amplitude of the external 

tidal fields produced by the host LGs.  

Even if this analysis could be applied to all contexts 
where a CS is embedded in a whatever environment, it be-
comes meaningless if applied to compact groups located in 
very low density environments. In fact, in such a context, 
they should appear as very isolated objects surrounding by 
few, sparse, and far galaxies which cannot yield significant 
tidal fields.  

Nevertheless, many factors may bias the computed value 

of 
tidal

F . As stated before, the tidal force is fairly deter-

mined when its cumulative amplitude converges asymptoti-

cally within the sampled sphere, i.e. in our case within the 

boundary of UZC 578. To test it, the values of the tidal force 

are computed for a set of concentric external spheres of in-

creasing 0.1 Mpch 1
 radius from the center of HCG 68. We 

have found that the development of the cumulative ampli-

tude of the tide as a function of increasing distances from the 

center of HCG 68 is asymptotically convergent within 

1 Mpch 1  radius indicating that it is well defined and UZC 

578 is large enough to incorporate the major share of the 

gravitational influence. Of course, some bias effects may 

hide the true convergence, i.e. the asymptote will be ap-

proached farther away due to further tidal influence from 

larger distances. Actually, if UZC 578 itself would be em-

bedded in a larger condensation as a cluster of galaxies un-

likely the convergence would be reached within the bound-

ary of the group. Fortunately, this is not the case and we as-

sume that a further, large contribution from the background 

should be negligible. In any case, the tidal force would result 

underestimated justifying the above assumption of 
tidal

F  as 

the lower limit where the true tidal perturbation converges to 

its final value. Besides, a suspect may arise on the adopted 

galaxy mass interval used to extract the random values of 

g
m . That is, if M  is assumed as the true mass for HCG 68, 

then, a wrong randomization of 
g

m  could alter the ampli-

tude of the tidal force. In other words, to force RR
t

 , the 

mass interval to randomize 
g

m  must be increased (lower 

and upper limit) by a factor of 10 with respect to that as-

sumed in Ch. 3.3! We reject this possibility because our in-

terval has been selected according to the current galaxy mass 

estimations obtained from accurate lensing measurements 

[30-33]. Therefore, we retain unlikely a larger error of 
t

R  

than that computed statistically. 

5. CONCLUDING REMARKS 

The main accomplishment of this paper is the introduc-
tion of a statistical method based on the tidal theory in order 
to study the hypothesis according to which the evolution of 
substructures within galaxy groups towards compact objects 
could be strongly influenced by the tidal field induced by the 
potential of the whole system. We have demonstrated that, at 
least in the present case, the characteristic empty ring ob-
served around HCG 68 correlates with the amplitude of the 
tidal field due to the external mass distribution of the group 

member galaxies in which it is embedded. In fact, as ex-
pected from our hypothesis, the computed tidal radius indi-
cate that the zero tidal surface (where the internal binding 
force of HCG 68 balances the external tidal field) falls be-
tween the inner and outer projected boundaries of the ring. 
At present, this fact excludes any influences of the external 
tidal field on the internal evolution of HCG 68. Therefore, 
what we record today is that the tidal effect induced by 
group potential seems to be efficient in isolating the central 
substructure from surrounding member galaxies creating an 
empty ring depleted of luminous galaxies. However, we can-
not obtain information about the former evolutionary phases 
of the system and, in particular, if the process of compacting 
of member galaxies located in the central region was influ-
enced by a compressive tidal field. In fact, using kinematic 
data as point-like mass tracers to account for the mass distri-
bution of the system, we cannot detect any effect of tidal 
compression within it since, if the tidal radius would ap-
proach the reversal point (i.e. the point where a local density 
may overcome the median density reversing the tidal field 
from tensile to compressive), it would diverge to infinity and 
does not exist beyond it [34]. Then, we can only speculate 
that in a certain evolutionary stage of a galaxy group such a 
tidal compressive field may be existed. It could be induced 
by a flat density profile in the core region that switches the 
tide from tensile to compressive. It may have played a role in 
compacting member galaxies located in the core, but, as al-
ready stated, indemonstrable with our method. At present, 
our result cannot be generalized since has been derived from 
a single case and, furthermore, using approximated kine-
matic data. Then, a definitive confirmation should be ob-
tained with our method testing on a larger and better sample 
of similar systems using accurate positional data. If it will be 
confirmed, numerical models predicting a stable configura-
tion for compact groups through infall and continuous re-
plenishment of new surrounding galaxies would be re-
viewed.  
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