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THE EV OLUTION OF GALAXIES IN COMP ACT AND FOSSIL GROUPS

C. Mendesde Oliveiral

RESUMEN

Presertamos obsenacionesen el optico de algunos de los grupos compactos cercanosmas ewlucionados que
se conacen actualmente, HCG 31, HCG 79y HCG 92, as como las propiedadesde dos grupos fosiles a z
0.137,RX J1416.4+2315y RX J1552.2+2013. Aun cuando se sabe poco acercade las propiedadesopticas de
los grupos fosiles, se ha sugerido que estos podr an ser el producto nal de los grupos compactos. En este
art culo sediscute la posible conexion grupo compacto{grupo fosil. Los grupos compactos de galaxias mas
ewlucionados que se obsenan, los cualesdesplieganuna gran variedad de signosde interaccion y se piensa
gue estan cercanosa fusionarse(como HCG 31, por ejemplo) sonricos en espiralesy probablemerte NO son
los precursoresde grupos fosiles,dada su baja dispersion de velocidadesy susalrededorespobres en galaxias.
Grupos compactos con alta dispersion de velocidades, los cuales cortienen principalmente galaxias el pticas
brillantes y sonricos en compaserosde baja luminosidad (grupos semejartes a HCG 62, por ejemplo) pueden
haber sido los precursoresde grupos fosilesen epocas mas tempranas.

ABSTRACT

We report on optical obsenations of a few of the most ewlved nearby compact groups of galaxiesknown, HCG

31, HCG 79 and HCG 92, and on the properties of two fossil groupsat z  0.137, RX J1416.4+2315and

RX J1552.2+2013. Although little is known about the optical properties of fossil groups, it hasbeensuggested
that they could be the end-products of compact groups. In this paper the possible connection compact group

{ fossil group is discussed. The most ewlved compact groups of galaxiesobsened, which display a wealth of

interacting featuresand are thought to be about to merge(such asHCG 31, for an example) are spiral rich and

are probably NOT the precursorsof fossil groups, given their low velocity dispersionsand poor neighborhoods.

Instead, high velocity dispersion compact groups, which cortain mainly bright elliptical galaxiesand are rich

in low-luminosity companions(groups resenbling HCG 62, for an example) may have beenthe precursors of

fossil groups, at early times.
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1. INTR ODUCTION

Groups of galaxiesare small systemsof typically
a few L* galaxies, which comprise over 55% of the
nearby structures in the universe. A small fraction
of galaxy groupsare classi ed as compact groups. In
these, the projected galaxy-galaxy separationsare of
the sameorder of the diametersof the galaxiesthem-

selwes and, as expected, they cortain a high frac-
tion of interacting members. They are commonly
believed to ewolve through dynamical friction and -
nally mergeto form one single galaxy. Vikhlinin et
al. (1999) and Joneset al. (2003) have suggestedhat
the merging of compact groups can lead to the for-
mation of the so called fossil groups. A fossil group
is a system with an extended and luminous X-ray
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halo (Lx > 10%h.# erg s '), dominated by one
single brighter-than-L* elliptical galaxy, surrounded
by low-luminosity companions(where the di erence
in magnitude betweenthe bright dominant elliptical
and the next brightest companionis > 2 magin the
R-band; Joneset al. (2003)).

This article reviews some obsenations of com-
pact and fossil groups which may help understand-
ing the connection betweenthesetwo typesof struc-
tures. Wefocus,in particular, in the questionif fossil
groupscould be the end-products of today's compact
groups.
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Fig. 1. r-band image of HCG 31 obtained with Gem-
initGMOS and HI proles overlaid onto it. The con-
tours are from the VLA CnB array data from Verdes-
Montenegro et al. (2005), at column densities of 1.0, 2.4,
3.8,5.2,6.9,9.6,13.0,16.5,19.9and 23.3  10%° atoms
cm 2. The eld is 5.5 arcmin on a sideor 90 kpc.

2. INTERA CTING COMPACT GROUPS: HCG
31, HCG 79 AND HCG 92

There is evidence from both obsenations and
simulations that groups ewlve through dynamical
friction and coalesceto form more compact struc-
tures as the universeages. A few of the most com-
pact, and therefore most evolved groupsknown, from
Hickson's catalogue (Hickson et al. 1992) are HCG
31, HCG 79 (or Seyfert Sextet) and HCG 92 (or
Stephan'squintet). The study of thesegroupsis very
important to help understanding processesommon
in merging systems, ervironments that may occur
often in the high-redshift universe.

HCG 3lisagroup at z 0.013and with a ve-
locity dispersion of 60 km s . This is a gas-
rich group with intense star forming activity (e.g.
Mendes de Oliveira et al. 2006), dominated by a
certral pair of interacting galaxies A+C (see Fig.
1). HCG 31is thought to bein a pre-merging phase
(Amram et al. 2004;Verdes-Mornenegro et al. 2005)
and it haswell dewveloped tidal tails seenin H and
HI. The group hosts two excellert candidates for
tidal dwarf galaxies,namely member F, in the south-
ern tail and member R, 40 kpc to the north of the
group (for an assumeddistance to the group of 54.8
Mpc). Fig. 1showsan r-band imageof the group ob-
tained with the Gemini-N telescope and the Gemini
Multi-Ob ject Spectrograph (GMOS), with HI con-
tours overlaid onto it.

HCG 79, also known as \Seyfert Sextet", was
originally identied as a sextet of galaxiesbut it is
now known to be a quartet at z = 0.0145(the 5th
object turned out to be in the badkground and the
6th is a luminous tidal debris to the northeast of the
group). This is the most compact group in Hick-
son's cataloguewith a galaxy-galaxy distance belov
10 kpc (for an adopted distance of the group of
60 Mpc) and a velocity dispersion of = 138 km
s 1. The four galaxies presert morphological dis-
tortions and increasedactivity (tidal debris, bar in
HCG 79B, dust lanein HCG 79A, radio and infrared
emission, disturb ed rotation curvesand nuclear ac-
tivit y). The group presens a prominent intra-group
light envelope which contains 45%o0f the total light of
the group (Da Rocha and Mendesde Oliveira 2005)
and irregular ervelopes of HI (Williams, McMahon
& van Gorkom 1991)and X{ra ys (Pildis et al. 1995).
These suggestthat recert or on-going interaction is
taking place within this system.

HCG 92, also known as Stephan's quintet, is in
reality a quartet with z = 0.0215and a foreground
galaxy. It is the most well studied compact group {
multi wavelength data are available from radio to X-
rays. Most of the gaseousnaterial in Stephan'squin-
tet is concenrated not around the bright galaxies
but in the intragroup medium, suggestingthat colli-
sionsamonggroup membersmay have happenedfre-
quertly. A number of tidal dwarf galaxieshave been
identied in this group (e.g. Mendesde Oliveira
et al. 2001) and more recenly alsointergalactic HI |
regionswere measuredin the HI tidal debris east of
the group (Mendesde Oliveira et al. 2004; Xu et al.
2005).

Thesethree spiral-rich groups are thought to be
in their nal stagesof ewolution { they are, in fact,
someof the most compact systemsfound in the Hick-
son's catalogue. Yet, they have members that can
be clearly identied asindividual galaxies, suggest-
ing that once merging starts, it may proceed quite
quickly, and the groups may no longer be recognized
as such. The bright members of these groups will
almost certainly end up as a single galaxy pile. But
will thesesystemsend up as fossil groups, or as sin-
gleisolated elliptical galaxies?Before answering this
guestion we review, in the next section, someof the
properties of the fossil groups studied so far.

A list of about a dozen fossil systems known
to date are summarized in Table 4% of Mendes de

3We note that that table needsto be updated by removing
objects RX J1256.0+2556 and CL 1205+44. The brightest
galaxy of RX J1256.0+2556 is now known to host at least
three luminous nuclei (Mendes de Oliv eira, unpublished) and
CL 1205+44 was found to have a member, previously thought
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Oliveira, Cypriano and Sadre Jr.  (2006). Only two
fossilgroupsin this list have beenstudied in detail in
the optical (imaging and spectroscopy). The results
are described below.

3. THE OPTICAL PROPERTIES OF TWO
FOSSIL CLUSTERS: RX J1416.4+2315AND
RX J1552.2+2013

Mendes de Oliveira, Cypriano and Sodre Jr.
(2006) derived the physical properties of the fossil
group RX J1552.2+2013 at a redshift of z=0.136,
and computed its luminosity function, basedon the
spectroscopy for 36 menber galaxies. The results
were: (1) the system was not a fossil group but a
fossil cluster, given its high number of members and
high velocity dispersion (closeto 700 km/s) and (2)
the luminosity function not only had a lack of bright
galaxies (as expected, since they were selectedthis
way) but also had a lack of intermediate-luminosity
(M? = {18 mag) systems. This was a surprise, since
the general casefor systemsof similar velocity dis-
persionis to not have dips in their luminosity func-
tions at intermediate luminosities (de Propris et al.
2003; Popessoet al. 2005).

Cypriano, Mendes de Oliveira and Sadre
Jr. (2006) studied a second fossil group,
RX J1416.4+2315, at a similar redshift of z=0.137.
For this systemalso a fairly high velocity dispersion
was measured(584 km s 1), for 25 memberslocated
in the inner 542 kpc ( 0.45 of the virial radius)
of the system. Similar results were found by Khos-
roshahi et al. (2006).

Fossil groups were suggestedio be the end prod-
ucts of mergingof L galaxiesin low-density environ-
ments (Joneset al. 2003). However, the only two fos-
sil groupsstudied sofar do not constitute low-density
ervironments and, in fact, are more similar to galaxy
clusters. The fairly high X-ray emission, the large
fraction of elliptical galaxies,distribution, aswell as
the lack of obvious substructures, suggestthat both
RX J1416.4+2315and RX J1552.2+2013are proba-
bly fairly massiwe virialized systems.

Not all fossil groups are suc large and massiwe
systemsasthesetwo obsenedsofar. From Table4 of
Mendesde Oliveira, Cypriano and Sodre Jr.  (2006),
seweral of the groups have lower X-ray luminosities
and someof them are also quite nearby (at z< 0.03).
An image of a fossil group at z=0.03 is shown in Fig.
2, with the X-ray contours overlaid onto it.

to be a star, which is only 1.6 mag fainter than the central ob-
ject (Durret, 2005, private communication). These, therefore,
do not fulll the strict de nition of a fossil group.

Fig. 2. Fossilgroup RXJ 0454.8-1806,at z = 0.0314. The
B image (14.5 arcmin or 530 kpc on a side, for Hp = 70
km/s/Mp c) was taken with the mosaic camera on the
Blanco Telescope, at the Cerro Tololo Interamerican Ob-
senatory and the contours are ASCA data taken from
the work of Yoshioka et al. (2004). The contours are log-
arithmically spacedby a factor of 1.19, with the lowest
oneat 427 10 4 counts s ! arcmin 2.

4. THE COMPACT GROUP { FOSSIL GROUP
CONNECTION

Dynamical friction and subsequeh merging are
probably the processesresponsible for the lack of
bright galaxiesin the luminosity function of fossil
groups.

Considering the merging scenario, it is possi-
ble that the overluminous certral galaxy in a fos-
sil group has been formed within a substructure
(which resenbles some of the known nearby com-
pact groups), within a larger structure. In that case,
onecould think of a scenariowherea compactgroup
was formed within a rich group, which would then
have quickly mergedand would have left behind the
brightest elliptical galaxy of what today is seenas
a fossil group. One weak argumert against this sce-
nario is that the nearby examplesof compact groups
are not usually found within such massiwe structures,
but instead are more often surroundedby very sparse
structures. There are, however, a number of groups
in Hickson's catalogue surrounded by large numbers
of lower-luminosity galaxies(Zabludo & Mulchaey
1998).

We should stress, howewver, that the precursors
of fossil groups could not be compact groups suc
as those described in Section 2, some of which are
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Fig. 3. System CG 6, from the list of Lee et al. (2004).
Compact group at z=0.22 and with velocity dispersion

700km s 1. Image in the i band, taken with Gem-
ini+GMOS. A total of 18 galaxies within 2000 km s !
from the mean radial velocity of the group are marked
with squaresand their redshifts are given. The image is
4.7 arcmin on asideor 1 Mpc (Ho = 70km/s/Mp c). De-
tails can be found in Mendes de Oliveira, Carrasco and
Infante (2006), in preparation.

in the pre-merging phase. These are clearly di er-
ert kinds of objects than the obsened fossil groups
studied sofar (describedin Section3). In particular,
these groups have much lower masses,as indicated
by their sparseernvironments and lack of bright X-
rays. More probable precursorsof fossilgroups could
be systemssuch as HCG 42 or HCG 62, both at
z=0.013, which have fairly high velocity dispersions
(between300{400km s 1), cortain awealth of dwarf
galaxies (more than 30 members ead), and are in-
volvedin bright and extendedX-ray halos(Mulchaey
and Zabludo 1998). Both HCG 42 and HCG 62 are
elliptical-galaxy dominated groups.

It is interesting to note that there may be other
such examplesof compact groupsembeddedin larger
structures among higher redshift courterparts. In
fact, we have recertly obtained images and spec-
troscopy with Gemini+GMOS for one such compact
group, CG 6, at z=0.22, from the list of Lee et al.
(2004), and have found a velocity dispersion for the
compact group+environment, from 20 members, of
closeto 700 km/s. An i-band image of the group,
with 18 members marked with squares,is shown in
Fig. 3.

The main conclusion of this review is then that
massive versions of today's compact groups may
have been the best candidate precursors of fossil
groups.
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