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ABSTRACT

Deep B and R images of three Hickson Compact Groups, HCG 79, HCG 88 and
HCG 95, were analyzed using a new wavelet technic to measure possible intra-group
diffuse light present in these systems. The method used, OV_WAV | is a wavelet technic
particularly suitable to detect low-surface brightness extended structures, down to a
S/N = 0.1 per pixel, which corresponds to a 5-o-detection level in wavelet space.
The three groups studied are in different evolutionary stages, as can be judged by
their very different fractions of the total light contained in their intra-group halos:
46 & 11% for HCG 79 and 11 4 26% for HCG 95, in the B band, and HCG 88 had no
component detected down to a limiting surface brightness of 29.1 B mag arcsec™2. For
HCG 95 the intra-group light is red, similar to the mean colors of the group galaxies
themselves, suggesting that it is formed by an old population with no significant on-
going star formation. For HCG 79, however, the intra-group material has significantly
bluer color than the mean color of the group galaxies, suggesting that the diffuse light
may, at least in part, come from stripping of dwarf galaxies which dissolved into the
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group potential well.
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1 INTRODUCTION

Galaxy interactions can strip matter from galaxies, form-
ing tidal debris such as tails, shells and bridges. When
the interacting galaxies are fairly isolated, this material
tends to fall back onto the parent galaxy. First the most
bound, lowest angular momentum and later the loosely
bound, high angular momentum material is reaccreted
(IH]hbﬁ.Ld_&_MbﬂdﬂﬂQﬂ [Mihod 2003). Stars may form loops
and shells while the gas may form rotating warped disks,
as, for example, in the case of Cen A (]hi]_hgs_&_ﬂ_er_nmusﬂ
|199.d, Naab_& Burkert 2001; Barned 2002). The gas in those
features can also form stars, giving rise to structures like
tidal dwarf galaxies — TDG’s Mﬂ%ﬂ Bﬁhmze_ﬂﬂ%j
Mirabel, Lmtz & Maza [1991; Braine et all 2000).

* Based on observations obtained at the Canada-France-Hawaii
Telescope (CFHT) which is operated by the National Research
Council of Canada, the Institut National des Science de 1’Univers
of the Centre National de la Recherche Scientifique of France, and
the University of Hawaii.
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Inside a dense structure, such as in a galaxy cluster,
the material is easily stripped from the member galaxies
and the tidal features are quickly dispersed by the combina-
tion of the cluster tides and ram pressure stripping from the
hot intracluster medium, being only partially re-absorbed by
the individual systems. The dispersed matter from the tidal
features will, over time, settle onto the cluster potential well
and form a very faint intracluster diffuse light component
(iMihod B0od).

The first mention to intracluster light was by m
M), to describe an extended envelope of low sur-
face brightness intergalactic matter observed in the
Coma cluster. Other studies have detected diffuse light
envelopes in clusters, such as |de_Vaucouleurs _LQ_Gﬂ),
Elsnn.._Bmgb.m&_K.uh.d (1991); [Scheick & Kuhn (1994),
and more recently |G.Q.n.za.].ez_at_aﬂ (2000); [Feldmeier et all
(2004); [Adami et all (2005); Zibetti et all (200) (See
Vilchez—Gdémer |_'L£199, for a review). The intracluster
light can represent 10 to 50% of the total cluster light,
but the measurements have large uncertainties. In addi-

tion, low surface brightness arcs (Trentham & Mobasher
1998; |Grege & Wesfl [1998; |Calcineo—Roldan 2000), i
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dividual stars (Ferguson, Tanvir & von Hippel [1998), no-

e (Neill, Shara & Oegerld 2007) and planetary nebu-
lae (IM.d.mﬂ.&t.ﬁLaLd.LﬂJQ_&_la&QbJ [1998; |Arnaboldi et all
2004) are being observed in clusters and share the same
origin as the diffuse envelope: stripped material from the
cluster galaxies.

The intracluster light offers a direct way to study the
dynamical evolution of structures, enabling the study of past
galaxy encounters, the dark matter content, history of accre-
tion onto the system and tidal stripping m@) The
amount of intracluster light can indicate the evolutionary
stage of a system, working as an evolutionary clock, being
also sensitive to dark matter distribution, since the shape of
the dark matter halo affects the amount of stripped matter.
The presence of substructures such as low surface brightness
arcs gives us information about the orbits of the galaxies in-
volved in the interaction episodes. Other unanswered ques-
tions such as the origin of the Ultra Compact Dwarf Galaxies

— UCDs (Drinkwater et all 2003) and the formation mecha-
nism for SO galaxies (Quilis, Moare & Boweil 2000) may also

be related to the intracluster light.
Simulations and

theoretical work

greatly increased our knowledge on the formation of the
intracluster light in clusters and groups. It is still unknown,
however, how the specific properties of the intracluster
light component correlate with cluster properties, given
the large uncertainties involved and the few numbers of
studies available in this area. It is fair to say that we are
still in the process of forming a global picture, gathering all
information on cluster/group dynamical stages yielded by
measurements of intracluster light. One important addition
to the literature data on this area is the determination of
the levels of background light in selected compact groups
of galaxies. This is one of the main contributions of this
paper.

Compact groups of galaxies are very dense en-
vironments  (projected densities between 300 and
108 K% gal Mpc?), with low velocity dispersions
(~ 200 km s', [Hickson et all 1992), where interac-
tions should be frequent and the stripping of material from
the galaxies should be an efficient process. A simple visual
inspection of compact groups of galaxies from Hickson’s
catalogue (Hickson Compact Group catalogue — HCG,

) suggests that several of them may contain a
diffuse background light envelope.

Previous studies of compact group galaxies using pho-
tographic plates were unsuccessful in detecting the intra-
group light component (IGL). @ (@ did not detect
any diffuse component and
(@) have detected an IGL component in only one of
the seven groups studied. A diffuse component was detected
by Sulentic & Lorrd (1984) and Moles, Marquez & Sulentid
E) and more recent studies using CCDs, Nishiura._et_all
) and [White et all (2003), have identified IGL in HCG
79 and HCG 90, which corresponded to 13% and 45% of the
total light of the group in the B band, respectively. These

previous studies measured the background light by mod-
eling the galaxies with elliptical isophotes, removing them
from the images and measuring what was left behind. This
poses difficulties first of all because the interacting galax-
ies are often not well fit by elliptical isophotes and second
because the IGL, being a very low surface brightness com-
ponent, usually at a level of less than 1% of the night sky
brightness, and being typically distributed over a large area
of the group, can be easily contaminated by the light from
the group galaxies.

In this paper we describe a new method to isolate the
contribution from the IGL in compact groups, the OV_WAV
(Epiticio Pereira, Rabaca & Da Rochd 2004), which uses
the a trous wavelet transform to perform thls separation.
This method is independent of galaxy and star modeling
and sky level subtraction. Our method is similar to the one
recently applied by [Adami et all (2007) to study intraclus-
ter light in the Coma cluster. We have applied the method
to images of three compact group galaxies: HCG 79, HCG
88 and HCG 95. In §2 we present the observational data.
Section 3 presents the data reduction with a brief descrip-
tion of the OV_WAYV modeling and the tests applied to the
data. In §4 the analysis of the data and the results are pre-
sented. A discussion and summary are presented in section
5. Throughout this work we use Ho = 70 km s~ Mpc™!,
Qn = 0.3, Qa = 0.7, when necessary.

2 SAMPLE AND OBSERVATIONAL DATA
2.1 The Sample

We have selected three groups from Hickson’s catalogue
(m m) which seem to be in different evolutionary
stages: 1) HCG 79, which contains many signs of galaxy
interaction and an IGL component which is readily notice-
able by eye inspection, 2) HCG 88, with very few signs of
interaction, despite its very small 2D velocity dispersion of
31 km s™', 3) HCG 95, which presents clear signs of recent
interaction such as tails and bridges.

2.1.1 HCG 179

HCG 79, also known as “Seyfert Sextet”, was originally iden-
tified as a sextet of galaxies ) and later cata-
logued by (@) as a quintet. The sixth object is
in fact a luminous tidal debris. A decade later, this group
was shown to be a quartet with a mean recession velocity
of 4371 km s~* and a discordant recession velocity galaxy
at 19809 km s~* (Hickson et all[1999). The velocity disper-
sion of the group is 121 km s~'. At a distance of 62.4 Mpc
((m — M)y = 34.0£0.6), the mean separation of the galax-
ies is only 7.7 kpc. It is therefore the most compact group
in Hickson’s list (Hicksor [1987).

The four galaxies present signs of morphological dis-
tortions. There are signs of a bar (HCG 79B), tidal tails
(HCG 79B and HCG 79D), a dust lane (HCG 79A) and
emission in radio, infrared, [N1i] and Ha (HCG 79A and
HCG 79B, Mﬂndﬂs_dsﬁhxmna_&ﬂsksadll&M: disturbed
rotation curves (HCG 79A and HCG 79B,

[1999) and nuclear activity (HCG 79A, HCG 79B and HCG



79D). Signs of the nuclear activity were detected and classi-
fied by Shimada. et all (2000) using [N11], [S11] and He ratios.
The group presents a prominent IGL envelope, possible to
be identified by eye inspection and irregular envelopes of

Hi (Williams, McMahon & van Gorkond [1991) and X-rays
(Pildis, Bregman & Evrard [1995H). These suggest that re-

cent or on-going interaction has taken place within this sys-
tem. The group data are summarized in table [l

2.1.2 HCG 88

This system is composed by a quartet of late-type galaxies
aligned in a filamentary structure, with a mean recession
velocity of 6040 km s~ ' (Hickson et all[1999) and a velocity
dispersion of only 31 km s~!. The mean separation of the
galaxies is 106 kpc, at a distance of 86.3 Mpc ((m — M)y =
34.7+£0.7).

The group members present some morphological dis-
tortions, such as low luminosity extensions (HCG 88B).
They are detected in He, infrared and radio emission
(Mendes de Oliveira & Hicksor 1994) but none of the galax-
ies have highly perturbed rotation curves (m
M) About 90% of the detected HI content of this
group is still associated with the disks of the galaxies
(Verdes—Montenegra_et all 2001). lde Carvalho et all (1997)
identified two other (optically fainter) galaxies at the same
redshift of the group. A summary of the group data are pre-
sented in table [Tl

2.1.83 HCG 95

This system was catalogued bym (@) as a quartet
of galaxies with a mean recession velocity of 11859 km s !,
a velocity dispersion of 356 km s~! and a mean separation of
48 kpc, at a distance of 169.4 Mpc ((m— M)y = 36.1£0.7).

By simple eye-inspection of a broad-band image of the
group one promptly notices very obvious morphological pe-
culiarities: two tidal tails in the HCG 95A and HCG 95C re-
gion, which seems to connect A and C, and a double nucleus
in HCG 95C. HCG 95C is most probably an on-going merger
of two disk galaxies, also in interaction with HCG 95A (an el-
liptical galaxy). Mendes de Oliveira & Hickson (1994) noted
radio and infrared emission as well as morphological distor-
tions in HCG 95B.

Reconstructed TRAS frames show infrared emission in
this group centered on HCG 95C and enclosing the whole
group (Im M) An upper limit to the X-ray de-
tection was given by [Ponman _et_all (1199_6 using ROSAT
data. H1 was also detected in this group
2000; [Verdes—Montenegra_et_all 2001).

[Vilchez & Tglesias—Paramd (Il.9_9ﬂ) detected Ha emis-
sion in the nuclei of HCG 95A and HCG 95C and in
one of the large tidal tails (the eastern tail). Such tail
seems to contain a few tidal dwarf galaxies candidates
(IIg]ﬂs;a.s_Ea.mmg_&dLﬂgb_ezl |21)D_1| Ha emission was also
detected along the HCG 95D edge-on disk. HCG 95B
(CGCG 406-067) had Ha emission detected along its disk
(IIg]ﬂs;a.s_Ea.mmg_&dLﬂgb_ezl |l&9ﬂ but at a radial veloc-
ity of 8000 km s~ !, instead of at the group’s velocity.
This indicates that this non-member galaxy is in the fore-
ground of the group. Besides the discrepant radial ve-

locity of HCG 95B published by Hickson et all (1999)
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Table 1. General properties of the observed groups.

HCG 79 HCG 88 HCG 95
RA 15P59™11%9 20152m2258 23h19m3158
DEC +20°45'31" —05°45/28" +09°29/31"
VRad 4371 (km s~1) 6040 (km s~1) 11859 (km s~1)
Distance 62.4 (Mpc) 86.3 (Mpc) 169.4 (Mpc)
Vel. Disp. 121 (km s~1) 31 (km s71) 356 (km s~ 1)
Mean. Sep. 7.7 (kpc) 106 (kpc) 48 (kpc)
Num. Gal. 4 4 3

(11637 km 871)7 other similarly erroneous values were pub-
lished at the RC3 (11486 km s, lde Vaucouleurs et all
|_'L£19_1|) and [Fougné_et_all (|1_9_9_ﬂ) (11562 km 571). However,
a spectrum of this galaxy obtained with the 1.52 meter tele-
scope at ESO on November 2002 confirmed the result of
Eglﬂms_Bame_uﬂgbﬁzl (I_LQ_Q_H that its radial velocity is
indeed ~ 8000 km s~' and not around 11500 km s~1. Ac-
cording to those authors, the morphological distortions pre-
sented by this galaxy would have been caused by a nearby
dwarf galaxy. The group properties are also summarized in
table [

2.2 Observational data

B and R deep images were obtained at the CFHT (Canada—
France-Hawaii Telescope). The filters used were B and R
from the Mould system, but the resulting magnitudes were
transformed into the standard Johnson-Morgan-Cousin B
and R magnitudes using a set of standard stars obtained in
the same nights, as explained below.

Images of HCG 79 were obtained using the SIS (Sub—
arcsecond Imaging Spectrograph), with exposure times of
2700 seconds (5 x 540) in the B band and 1800 seconds
(3 x 600) in the R band. The average seeing values were
0”83 and 0”64 for the B and R images, respectively, and the
field size 274 x 3!1 with a pixel size of 0.173 arcsecond (the
detector was binned 2 x 2). The photometric zero points
were obtained using standard stars from [Landoli (IE)
and from the Galactic globular clusters M92 and NGC 7006
(Christian_ef. all 1987).

Images for HCG 88 and HCG 95 were obtained using
the MOS (Multi-Object Spectrograph), with a pixel size of
0.314 arcsecond and a field size of 974 x 9/1. The exposure
times for the HCG 88 images were 4 x 900 and 8 x 600 for
the B and R images respectively, with a similar mean see-
ing in both filters of 0795. The HCG 95 images had exposure
times of 3 x 800 and 10 x 300 for the B and R images re-
spectively, with a similar mean seeing in both filters of 0//96.
The photometric zero points were, also in this case, cali-
brated using the Galactic globular clusters M92 and NGC
7006 (Christian et all [1985).

The characteristics of the images are summarized in ta-
ble 21

3 DATA REDUCTION

The IGL is a very low surface brightness component, usually
at a level of less than 1% of the night sky brightness, but typ-
ically distributed over a large area of the group. Many effects
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Table 2. Observational data.

Group Band Inst. Date  Exp. Seeing FOV Pixel
(Sec.) (" Jpizel)
HCG 79 B SIS/CFHT Aug, 93 2700 (5 x 540) 0783 2/4 x 31 0.173
R SIS/CFHT Aug, 93 1800 (3 x 600) 0”64 2/4x 31 0.173
HCG 88 B MOS/CFHT Jul, 94 3600 (4 x 900) 0794 2/4x 31 0.314
R MOS/CFHT Jul, 94 4800 (8 x 600) 0796 2/4x 31 0.314
HCG 95 B MOS/CFHT Jul, 94 2400 (3 x 800) 0793 2/4x3!1 0.314
R MOS/CFHT Jul, 94 3000 (10 x 300) 0798 2/4x3/1  0.314

can appear as contaminating features to the signal one wants
to measure. First those caused by technical problems at the
time one takes the data, such as instrumental scattering, i.e.,
spurious light inside the telescope, flatfielding, which must
be better than 1%, ghosts or fringing, vignetting and CCD
bleeding. Other problems that make it difficult to measure
the IGL component: the background light is dimmed by the
light from the group galaxies and bright stars, which should
be modeled and removed from the image; measuring the sky
level accurately; contamination from faint galaxies beyond
the detection limit; galaxy absorption and galactic cirrus.

Assuming one has the technical problems under control,
the two main problems of detecting background light are the
sky level subtraction and modeling of the bright galaxies
and stars superimposed onto the group image. To overcome
those problems we have applied a wavelet based technic, the
OV_WAV package (Epitdcio Pereira._et all 2001), in which
the necessary information to treat those effects is internally
determined by the package. The description of the technic
is given below.

A similar technic was recently employed bylAdami_ef_al.
(2005) to study intracluster light in the Coma cluster. This
work uses the same wavelet transform, the a trous, and the
same object reconstruction algorithm, but in our case we
have chosen to reconstruct each of the detected objects indi-
vidually. With this individual object reconstruction, we are
able to select only the structures which compose the IGL.

The basic image reduction procedures (bias correc-
tion, flatfielding and image combining) were done using
the IRAF' package (Image Reduction and Analysis Facil-
ity). The photometric calibrations with standard stars were
performed using DIGIPHOT.PHOTCAL under IRAF. The final
combined images were then processed with the OV_WAV
package, described below, running under IDL (Interactive
Data Language - Developed by Research Systems Inc. —
RSI).

3.1 The OV_WAYV Package

The OV_WAV is a multiscale package for astronomical
data reduction, based on the a trous wavelet transform
(Epiticio Pereira._et_all 2005). Astronomical images are usu-
ally hierarchically organized, i.e., smaller structures are lo-
cated inside larger structures. Thus, stars may be projected

1 IRAF is distributed by the National Optical Astronomy Obser-
vatories, which is operated by the Association of Universities for
Research in Astronomy, Inc., under cooperative agreement with
the National Science Foundation.

onto a galaxy, which in turn may be projected onto a large
diffuse envelope (as in our case), which is then projected
onto the sky brightness level. Multiscale analysis is very well
suited for this kind of study, since it can separate the struc-
tures found in an image by their characteristic sizes. The
a trous wavelet transform is a redundant discrete trans-
form, appropriate for digital astronomical images, since it
conserves flux and avoids the errors introduced by the dis-
cretization process of a continuous function.

The general procedure is an improved version of the
procedure described by [Starck, Murtagh & Bijaoui (1998),
which consists in deconvolving the signal into wavelet coef-
ficients (since images are a 2D signal, each wavelet coeffi-
cient corresponds to a plane), identifying the objects repre-
sentations in the wavelet space, defining the objects with a
“multiscale vision model” (Bijaoui & Ruéd [1997) and recon-
structing the detected objects.

A given object is represented in the wavelet space in dif-
ferent subsequent wavelet coefficients. Those representations
are identified in each coefficient using a threshold, which
depends on the representation of the image noise in each
of the coefficients. As each coefficient contains only struc-
tures of a certain size (2" pixels, where n is the index of the
wavelet coefficient), the representation of the noise in each
coefficient also has the same characteristic size. In the first
coefficient (n = 0) we only have structures with the size of
one pixel, and in this case the noise is basically the pixel
to pixel noise, which is usually high. For all further coef-
ficients (n = 1,2,3,...) the representation of the noise has
larger characteristic size (2 pixels, 4 pixel, 8 pixels, ...) and
has a considerably reduced intensity. Extended low surface
brightness objects, which have very low signal to noise ratios
(S/N) in normal space, will be identified in the largest coef-
ficients with higher S/N, since they will only be affected by
very low intensity noise, with the characteristic size of the
coefficient. By this special relation between the signal and
the noise representations in wavelet space, this method is
very efficient in detecting low surface brightness structures,
which would usually be lost if traditional technics would be
employed. As an example of deconvolution of an object, fig-
ure[llshows the representation of a spiral galaxy (HCG 88C)
in 9 wavelet coefficients, where the reduction of the noise
with the increase of the characteristic size of the coefficient
can be noticed.

The object’s representations in each coefficient are iden-
tified, defining valid regions, and those regions are intercon-
nected, forming the object as a whole. The region which con-
tains the pixel with the highest flux of all other regions of
this object will be considered the “main region” of the object
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Figure 1. Deconvolution of a spiral galaxy (HCG 88C) in 9 wavelet coefficients as an example of object representation and reduction of

the noise in different coefficients.

and the object will be marked as detected in this particular
coefficient. This way the detected objects are separated into
characteristic sizes. With this technic, it is possible to sepa-
rate different size objects and structures like point sources,
resolved small sources, larger galaxies, the IGL component
and the sky brightness without any assumption about the
shape of the sources or the sky level. A schematic version
of the connectivity tree of regions in different wavelet coef-
ficients composing the object can be seen in figure

The reconstruction of an object marked as detected in
a certain coefficient (z), will use all the lower coefficients,
the main coefficient and one larger coefficient (n < z 4 1).
This procedure favors the detection of bright small sources,
as point sources and galaxy central parts, so that the image
has to be processed in a sequence of iterations. In the first
iteration we have the detection of the small bright sources,
which are reconstructed and subtracted from the image. In
the second iteration fainter and larger sources are identi-

fied, as for example the outer parts of bright point sources
and galaxies’ halos. These are then reconstructed and sub-
tracted from the image to allow another iteration. In the
third iteration the IGL starts showing up. An example of
multiple iteration image analysis can be seen in figure
For a complete description of the package and the method
see [Epitacio Pereira et all (2003).

3.2 Package Test and Simulations

We have performed tests and simulations to define an op-
timized set of configuration parameters to detect IGL and
the confidence level of our results with the OV_WAV.

A B-Spline filter was used for deconvolving the image
in wavelet coefficients, the Anscombe noise transformation
from Poissonian to Gaussian noise was applied and the valid
regions were detected at a 5-o-detection level. The conver-
gence reconstruction was reached when the flux difference
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Figure 2. Schematic version of a connectivity tree connecting
regions detected in different wavelet coefficients composing an
object.

between two iterations was smaller than 1072 of the last
iteration total flux.

8.2.1 Simulated Images

Using the ARTDATA.MKOBJECTS task, inside IRAF, we have
generated three different configurations of artificial fields to
test the setup of configuration parameters and the confi-
dence level of our results. The fields are 600 x 600 pixels?
with a Poissonian sky noise.

a) In the first configuration, we have included four
galaxies with an exponential brightness profile, with total
magnitudes within a range of two magnitudes. The galax-
ies were added within a very small projected distance from
one another, in an attempt to mimic a compact group, with
a maximum distance among the centers of the objects of
about 30 pixels and without any kind of diffuse component.
In this case our main goal was to test if any diffuse-like con-
tamination could be introduced in our results due to the
overlapping of the various galaxy halos.

b) The second configuration was a very extended expo-
nential profile galaxy, with an effective radius of 50 pixels
(the galaxies in configuration (a) had effective radii or about
3 to 4 pixels). The extended profile covered most of the im-
age, emulating what we expect for an IGL component. This
configuration had no other galaxies superimposed onto it, in
order to evaluate the IGL detection efficiency without any
contamination effect. This second test was performed with
three different IGL luminosities, with a central (S/N) ratio
per pixel of 2.50, 1.25 and 0.63 and mean S/N of 0.41, 0.29
and 0.21, respectively, the latter two being indeed very low
signals. These correspond to cases A, B and C respectively,
in table

¢) The third image configuration has the IGL compo-
nent as simulated in (b), with the four galaxies of configura-
tion (a) above superposed onto it. The IGL component was
also generated using the three different IGL luminosities.

We had, in the end, a set of seven different images to
analyze. The configurations for the three simulated images
are shown in figure Bl

3.2.2  Analysis Parameters

The analysis of each image was performed deconvolving it
in 10 wavelet coefficients, where the last coefficient corre-

-

.

Figure 3. Analysis of HCG 79 B image in three iterations. In
the first we can notice the detection of bright structures as the
point sources and the central part of the galaxies. In the second
iteration the wings of the brightest point sources and the halos of
the galaxies were detected. In the third iteration the IGL compo-
nent and some small features of the bright sources were detected.



Figure 4. The upper panel shows configuration (a), a compact
group of four exponential galaxies without any diffuse compo-
nent. The middle panel shows configuration (b), a very extended
exponential galaxy, emulating an intra-group light component.
The lower panel shows configuration (c), the diffuse component
with the compact group superposed onto it. The IGL component
in the lower panel is as extended as in the middle panel, but
the contrast of the display shown here is different. All figures are
presented here as noiseless versions, to allow visualization of the
faintest regions.
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sponds to a characteristic size of 512 pixels (29)7 which is
the approximate size of the image. Two parameters were
varied to evaluate the package performance. One was the
object definition criterion for valid regions, which can be the
“standard” case, where a minimum of two valid regions con-
nected on subsequent wavelet coefficients define an object,
or the “restricted” case, where at least three valid regions
connected on subsequent wavelet coefficients are needed to
define an object. The other parameter is the definition of
whether a pixel belongs to a certain region or not. One pos-
sibility is the “hard thresholding”, where a flag (0 or 1) is
assigned to a pixel, to mark if it belongs to the region or not.
The alternative is the so called “combined evidence thresh-
olding”, where a weight (from 0 to 1) is assigned to a given
pixel.

Four possible sets of parameters were tested: I — using
restricted criterion and combined evidence thresholding; IT —
using restricted criterion and hard thresholding ; III — using
the standard criterion and the combined evidence thresh-
olding; and IV — using the standard criterion and the hard
thresholding.

The combined evidence thresholding is very sensitive
to small size sky fluctuations that can appear in subsequent
wavelet coefficients, creating spurious small scale object de-
tections. We have forced the use of the hard thresholding up
to the third coefficient (22 pixels), to avoid such a problem.
This procedure does not affect the analysis of the galaxies
nor IGL component present in the images, since their char-
acteristic sizes are much larger than those of the structures
detected in the third-coefficient image.

3.2.3 Simulation Results

We first performed a global analysis of the simulated images,
evaluating the differences in the integrated fluxes between
the artificial models and the reconstructed objects and the
quality of the reconstruction process.

Using any of the four parameter setups I to IV de-
scribed above, the four galaxies of the first image (without
diffuse component) can be perfectly separated. Two possi-
ble contaminating effects were identified using setups I and
IT (with the restricted criterion). At the fourth iteration, a
“false” common halo formed by the overlapping galaxies was
identified as an object, which despite being centered on the
galaxies, could be mistakenly identified as part of the IGL
component. A second larger “false” common halo can also
be noticed in the reconstructed objects of a further itera-
tion. With setups IIT and IV (those without the restricted
criterion) a single “false” common halo was identified. This
halo contains almost the same structure identified with se-
tups I and II as two different objects, but more extended.
The more extended single “false” halos identified in setups
IIT and IV, indicate that those objects were detected at a
larger wavelet coefficient, which would be more difficult to
separate from the IGL component in a real case. The iden-
tification of these different contamination sources show the
superior capability of the restricted criterion in separating
embedded structures offering a more reliable object recon-
struction. The contamination by those artifacts is about 2%
in all cases.

In reconstructing the IGL component alone (without
galaxies) we find that none of the cases I to IV presents a
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good description of the central region of the simulated IGL
exponential profile. In other words, the central cuspy model
is never reconstructed properly. Indeed, the very central pro-
file does not follow the original circular light distribution
and a radial distortion of the light profile can be noticed,
which is caused by the reconstruction process using the dif-
ferent wavelet coefficients. This effect is stronger in the cases
which do not use the combined evidence thresholding. The
radial distortions for the cases with and without the com-
bined evidence thresholding are shown in figure[ll There are
no differences from the reconstructions for the cases with
and without the restricted criterion.

In the third image configuration (galaxies+IGL), the
galaxies reconstruction presents the same characteristics of
the case without the IGL component, i.e., they present a
“false” common halo in all four setups. There is a large dif-
ference in the reconstruction of the central part of the IGL
component. The light of this part is actually included in the
reconstruction of the galaxy component, to which it does
not represent any considerable increase in flux, because of
the low surface brightness of this component. The recon-
struction of this component suffers from all the same effects
noticed before.

A second step in the analysis of the simulated images is
to study the radial profile of the IGL. Comparing the models
with the reconstructed objects, for the three different inten-
sities of the IGL component, with and without the galaxy
component superposed, we can establish to which light level
or S/N our results are reliable. The central regions were
poorly reconstructed and we are not taking them into ac-
count in this radial study. We have defined a cutoff radius
for the analysis, after which the reconstruction of the object
is no longer reliable. This radius was defined based on the
flux differences between the model and the reconstructed ob-
ject in each radial ring analyzed. For the maximum accept-
able flux loss of the reconstructed object, we have assumed
a conservative limit of 10%. In each of the six images with
IGL component, this cutoff radius corresponds to a detected
S/N of about 0.1. We have generated then a new set of im-
ages, with different sky levels and sky noise levels, to test
the significance of this limit. With this new set of images
we confirm the cutoff radius corresponding to a S/N limit
of 0.1. This way, we have defined a minimum detected S/N
of 0.1 as the detection limit for the reconstructed objects
using the OV_WAV | which represents a great improvement
over the previous studies on detecting extended low surface
brightness structures. A S/N of 0.1 may seem to be an un-
realistically low value for the detected structures, however
we note that as the parts that compose the objects were de-
tected in the wavelet space with a 5-c-detection level, these
are indeed significant, even though they are very faint in
normal space.

We have analyzed the artificial images using the mini-
mum S/N cutoff limit of 0.1 for the reconstructed objects
and its corresponding models, and the comparison presented
consistent results, showing that the objects reconstruction
is very reliable within this limit of S/N. The results can be
seen in table

To estimate the errors, we have used a relation of the
mean S/N of the reconstructed objects and its correspond-
ing light loss. For the galaxy component, high surface bright-
ness structures, the typical light loss is of 1%, and tak-

Table 3. Simulation analysis results with cutoff in S/N = 0.1

Parameters setup

Image Comp. I II II1 v
Only Gal  Gal -0.1%  4+0.1% -2.3% -0.2%
Only IGL IGL A -8.4% -10.0% -8.4% -10.0%
IGL B -4.4% -5.2% -4.7% -5.2%
IGL C -9.1%  -21.9% -6.9% -2.2%
Gal+IGL  Gal +1.0% +1.0% +1.1% +1.3%
IGL A -111% -127%  -11.9%  -13.7%
Total A -2.0% -2.4% -2.0% -2.4%
Gal +14% +1.5% +3.1% +3.1%
IGL B -14.1%  -121%  -26.4%  -25.6%

Total B -0.6% -0.2% -0.6% -0.5%
Gal +1.1%  +1.1% +0.1% +0.2%
IGL C -37.9% -27.5% -33.5% -50.9%
Total C -1.0% -0.4% -1.7% -2.5%

Column (1) indicates the image type, described in the text.
Column (2) indicates the analyzed component: “Gal” for the
galaxies component; “IGL” for the diffuse intra-group light
component, with three different brightness A, B and C, from
brighter to fainter; and “Total” for galaxies + IGL, with
brightness A, B and C (see section 3.2.1b).
Columns (3-6) show the percentage of light difference from the
reconstructed to the model components for parameters setups
I-1V, as described in the text. Positive signal indicates a light
gain during the reconstruction and negative signal indicates a
light loss.

ing into consideration the possible contamination effect dis-
cussed above, as a 2% contamination, the galaxy component
final error is typically of 2.2%. To estimate the errors of the
low surface brightness structures, we have interpolated the
S/N-light loss relation obtained from our simulations. A
10% minimum error value was defined to structures with
mean S/N higher than 0.5, not covered by the simulations.
At the faint-end, the simulated cases cover the detected
range of values. For a complete description of the input pa-
rameters of the OV_WAV and the tests applied to define its
confidence levels, see [Epitdcio Pereira et all (2007).

4 ANALYSIS AND RESULTS

Based on the simulations results, we chose to use the re-
stricted criterion and the combined evidence thresholding
(case I), which gave the best IGL reconstruction results.
The procedure for each group is described below.

4.1 HCG 79

The HCG 79 images in the B and R bands were deconvolved
in 11 wavelet coefficients (210 pixels, about the size of the
image). As described before, the objects were reconstructed
in multiple iterations. Using the results of the multiple it-
erations we can recompose, separately, the group galaxies
and faint structures which form the IGL component of this
group, as can be seen in figure

We have detected a irregular shape IGL component,
that represents 46+ 11% of the total light in the B band and
33+ 11% in the R band, which corresponds to an apparent
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Figure 6. IGL component of HCG 79 identified and reconstructed with the OV_WAV package. The left panel shows the image in the
B band and the IGL component as contour curves with surface brightness levels which range from 24.2 to 25.1 magnitudes in steps of
0.1 B mag arcsec™2. The right panel shows the image in the R band and the IGL component as contour curves with surface brightness

levels which range from 23.2 to 24.3 magnitudes in steps of 0.1 R mag arcsec

magnitude of B = 14.0 + 0.16 and R = 13.1 £ 0.15, up
to the surface brightness detection limits of up = 28.4 and
ur = 27.8. This is a bright IGL component with a mean S/N
of 2.8 in the B band and 3.6 in the R band, much brighter
than the simulated cases. The detection limits correspond
to the surface brightness of 0.1 - ogky (S/N = 0.1) in each
band.

The mean surface brightness of the IGL component
is up = 24.8 £ 0.16 and pr = 23.9 £+ 0.15, which is 2.6
magnitudes in B and 2.9 magnitudes in R fainter than
the sky brightness, while the detection limits are 6.2 and
6.7 magnitudes fainter than the sky brightness levels in B
and R, respectively. The IGL component has a mean color
(B — R)o = 0.86 + 0.22, which is bluer than the galaxies’
component that has (B — R)o = 1.47 4+ 0.15 (typical color
for early-type galaxies), and bluer than the expected value
for an intracluster component (Trentham & Mobasher [1994;
Zibetti et _all 2008; Sommer—Larsen_et all 2008) formed by
an old population with no significant on-going star forma-
tion, but not very different from the blue sources detected

by |Adami et _all (IQQQH in the Coma cluster. The extinc-
tion corrections were made using IB_Lekg_&_]'_&b_Q_fsk;] (I_LQ&EI
extinction laws and Schlegel, Finkbeiner & David (1998) ex-

tinction maps. Measurements of the IGL and galaxy com-
ponents given above were performed in the same areas for
the B and R bands.

Taking into account the IGL component in each of the
groups we recalculated the mass to light ratios (M/L) for
HCG 79 and HCG 95, correcting the values estimated by
[Hickson et _all (11_992 for the previously undetected luminous
component. We note, however, that these determinations of
mass-to-light ratio are very uncertain, given that the spec-
troscopic mass of the group was obtained from velocities of
only a few group members. No X-ray mass estimates were

—2

found for these groups in the literature. For HCG 79 the
M/L drops from 11.3 to 6.2.

4.2 HCG 95

The same procedure was applied to this group and the re-
sults can be seen in figure [

In the case of HCG 95, the results were analyzed dis-
considering the discordant-redshift galaxy HCG 95B, which
is not part of the group, as mentioned in Section 2.1.3. We
have detected an almost spherical IGL component, much less
prominent than the one in HCG 79, concentrated around the
system HCG 95A /C. This is not surprising, given that there
are strong interactions going on in this group - in fact the
interaction between A and C may be the main source of this
IGL component. We estimated that 11 4+ 26% of the total
light in the B band and 12 4+ 10% in the R band are in this
IGL component, which corresponds to an apparent magni-
tude of B = 16.9 £ 0.30 and R = 15.1 + 0.15, up to the
limiting surface brightness of up = 28.2 and pr = 28.1. In
this case, for the B band, the mean S/N is only 0.2, and for
the R band, a brighter IGL component was detected with
mean S/N of 1.2.

The IGL component has a mean surface brightness of
up = 27.3 £0.30 and pur = 25.5 + 0.15, which is 5.0 and
5.1 magnitudes fainter that the sky levels for the B and R
bands, respectively. The detection limits are 5.9 magnitudes
fainter than the sky level in the B band and 7.8 magnitudes
in the R band. The mean color of the IGL is (B — R)o =
1.75 £ 0.34 and the galaxies have (B — R)o = 1.61 &+ 0.15.
In this group, both the galaxies and the IGL have colors
consistent with those of old stellar populations. The tidal
tails of the system HCG 95A/C were considered as part of
the galaxy component not as part of the IGL.

Also for this group we recalculate the M /L, taking into
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Figure 7. IGL component of HCG 95 identified and reconstructed with the OV_WAV package. The left panel shows the image in the B
band and the IGL component as contour curves with surface brightness levels which range from 26.9 to and 27.8 magnitudes in steps of
0.1 B mag arcsec™2. The right panel shows the image in the R band and the IGL component as contour curves with surface brightness

levels which range from 24.9 to 26.7 magnitudes in steps of 0.2 R mag arcsec™ .

account the intra-group component, which drops from 35.1
(Hickson_et_all [1992) to 31.2.

4.3 HCG 88

The same procedure above was also applied to this group,
but in this case, no IGL component was detected up to
a surface brightness detection limit of up = 29.1 and
pr = 27.9. This is not unexpected, given that the group
is composed by four late-type galaxies which contain 90%
of their H1 component still attached to the galaxies disks
(Verdes—Montenegro_et _all 2001). Figure B shows the group
and the detected sky level, showing that no IGL is present
in this group.

Table Bl summarizes the properties of the detected IGL
components in our sample.

5 DISCUSSION AND CONCLUSIONS

We present here a short summary of the results we have
obtained, before we proceed with the discussion:

(1) A new approach was presented for the detection of
extended low surface-brightness structures, such as the IGL
component in compact groups of galaxies, through wavelet
analysis, using the OV_WAV package.

(2) We have detected a prominent irregular IGL com-
ponent around HCG 79, which represents 46 + 11% and
33 + 11% of the total light of the group in the B and R
bands, respectively. The mean color of the IGL in this group
is (B — R)o = 0.86 £ 0.22, significantly bluer than the color
of the galaxies in the group.

(3) HCG 95 presents a fainter IGL component, repre-
senting 11 + 26% and 12 + 10% of the group’s total light

2

in the B and R bands, respectively, with a mean color
(B—R)o =175+ 0.34.

(4) The filamentary group HCG 88 presented no IGL
component, down to the surface brightness detection limit,
as expected for a group composed by late-type galaxies with
most of its HI still in the galaxies disks.

Using the OV_WAV package we were able to detect the
IGL component of compact groups of galaxies, a very dif-
ficult task to be performed with the usual algorithms, for
which it is necessary to specify the sky brightness levels
and the stars/galaxies models. The usual way to determine
the IGL component, performed by INishiura_ef_all (2000) for
HCG 79, for an example, is to model the galaxies with
STSDAS.ELLIPSE and subtract them from the image (with
STSDAS.BMODEL). Then one just measures the remaining light
above a chosen sky level, and assign it to the IGL compo-
nent. Another method used, in this case for HCG 90, was
that by White et all (2003), of isophotal analysis: after sky
subtraction, all the light below a certain surface brightness
level was considered as IGL. Those technics are highly unde-
sirable specially in cases such as those of HCG 79 or HCG 95,
where elliptical models (fit by STSDAS.ELLIPSE) are a very
bad representation for the morphology of the galaxies, and
the presence of bright interacting features may increase the
isophotal analysis ambiguity. With the OV_WAV, the IGL
detection could be performed without any “a priori” infor-
mation about the shapes of the galaxies or the sky level.

An evolutionary sequence can be envisioned, for our
small sub-sample of compact groups, where HCG 79 is the
more evolved group, HCG 95 is in an intermediate stage of
evolution and HCG 88 is a group that has just started its
evolution as a group. We give details of each group below.
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Figure 8. Residual identifications in the HCG 88 images with the OV_WAV package. The left panel shows the image in the B band and
the sky as contour curves with surface brightness levels ranging from 24.4 to 26.2 magnitudes in steps of 0.2 B mag arcsec™2. The right
panel shows the image in the R band and the sky as contour curves with surface brightness levels ranging from 24.4 to 26.2 magnitudes

in steps of 0.2 R mag arcsec™2.

Table 4. Properties of the IGL component detected in our sample.

Group % (B and R) u (B and R) Mag. (B and R) (B—R)o
HCGT9 46+11% 33+11% 2484+0.16 23.94+0.16 14.0+0.16 13.14+0.16 0.86+0.22
HCG 88 ND ND ND ND ND ND

HCG 95 11+26% 12+10% 27.3+0.30 25.54+0.15 16.94+0.30 15.14+0.15 1.754+0.34

Column (1) Group studied.

Columns (2-3) Fraction of the group’s total light in the IGL component, bands B and R, respectively.
Columns (4-5) Mean surface brightness of the IGL component, bands B and R, respectively.
Columns (6-7) Integrated magnitude of the IGL component, bands B and R, respectively.
Column (8) Extinction corrected color of the IGL component.

5.1 HCG 79

The IGL component detected in HCG 79, a group which
show several indications of been “about to collapse” in a
single structure, or at an advanced evolutionary stage, has a
light envelope with irregular form which takes up about one
third to half the total group light. Such a high contribution
from the IGL component is in contrast with the value of 13%
found by Nishiura et all (2000), for the same group, from
independent V R and I-band data, although the morphology
of the IGL was found to be very similar. The disagreement
probably comes from the technic differences described above.

We can notice in figure [l a strong light concentration
to the northwest, opposite to the tidal debris located to the
northeast, which could have being generated in the same
interaction process, like symmetrical tidal tails, but with a
smaller amount of mass.

The irregular shape of the IGL may be an indication
that the group potential is not relaxed in an spherical shape.
On the other hand, the amount of light in the IGL com-
ponent of HCG 79 suggests that the group has probably
already been in a compact configuration for some time.

The X-rays halo observed with ROSAT by [Pildis et ail
(1995H) (in a 30 level), is spatially coincident with the IGL
component, indicating that this is following the gravitational
potential and it is tracing the dark matter halo of the group.
The Hi of the group is concentrated in two clouds, one in
the southern part, below the only late-type galaxy (HCG
79D), and one in the region of the northeastern tidal de-
bris. These were probably a result of an interaction of this

late-type galaxy with the group halo (Williams et all [1991;
IVerdes—Montenegro et all

baoi).
According to [Palma._et_all (2002) this group presents on

one hand signs of high dynamical evolution, specially in the
optical, since tidal structures in broad band optical images
are clearly seen, and signs of almost no evolution, on the Hi
content, which is basically associated to the disk of the only
late-type galaxy (HCG 79D), which leads to the absence of
interaction triggered star formation. The star clusters found
in [Palma._et all (2002) are red and even though they may
have been formed during interaction processes, they are old
clusters (105 to 10%® yr). No tidal dwarf galaxies and just
a few dwarfs were detected. [Palma et all (200d) classified

this group as being at an intermediate stage of evolution
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(they used the expression “beginning of the end” to describe
the evolutionary stage of this group). This classification also
agrees with the findings of Khzm]_,_B_m_uks_&_B_r_am_AlfaLd

), who used a relation between group velocity disper-
sion and galaxy activity. An IGL component of this group
is mentioned as an optical evidence of dynamical evolution,
and our high fraction of IGL indicates that this group is
really half way to collapse or a step further.

The mean color of the galaxies in HCG 79 is consis-
tent with the expected old stellar population of a group
dominated by early-type galaxies, while the IGL compo-
nent is significantly bluer. The blue color of the IGL in
HCG 79 is inconsistent with the observations and sim-
ulations for galaxy clusters (Trentham & Mobasher [1998;
Sommer-Larsen_et all mﬂﬂ) and even for higher redshifts
studies as [Zibetti et all (2009) at z ~ 0.25 in the SDSS
clusters. The stellar populations which constitute the diffuse
light could have been partially stripped from the outer parts
of the group galaxies, during interaction processes, as the
bright tidal debris described before and partially due to the
destruction of dwarf galaxies with bluer colors than the gi-
ant group members. The destruction of dwarf galaxies by the
group tidal field is one of the possible mechanisms of forma-
tion of the bimodal globular cluster population usually found
in early-type galaxies and may contribute to the IGL compo-
nent as well (Hilker, Infante & Richtlerl[1999). No blue dwarf
galaxy was detected in this group by [Palma._et_all (12992)
Blue diffuse regions were detected by [Adami et all (2007)
in the Coma cluster, where spiral galaxies were disrupted
or harassed, leading to infall of star-forming material to the
cluster potential.

The fraction of light in the IGL component of HCG 79
is Mp = —20.2 + 0.6, at the groups distance, which corre-
sponds to a galaxy twice as large as HCG 79A, the brightest
group galaxy. Tidal stripping of the galaxies’ outer parts is
the most probable explanation for the small size of those
galaxies, about a third of the size of a normal disk galaxy

(Williams_et_all [1991)).

5.2 HCG 95

HCG 95 presents a nearly spherical IGL component centered
on HCG 95A. This group shows several tidal features indi-
cating clear interaction and has an IGL component which
corresponds to about 10% of the total light of the group.
This is most probably formed by the stripping of material
from the interacting galaxies.

This group was detected in X-rays by ROSAT
(IBQ_u_ma.n_aLaU |_'L£19_d) with a flux upper limit of logLx =
42.14 erg s~ !, indicating a shallow potential well, typical of
spiral-dominated groups and was also detected in infrared
by IRAS, with emission centered on HCG 95C and enclos-
ing the whole group m) HCG 95C1 and C2,
HCG 95D and two previously unknown dwarf galaxies were
detected in HI. In addition, radio continuum emission was
searched for within a field of 9 arcminutes around the group
and HCG 95C (centered on C1) was detected as a continuum
source (Huchtmeier et all 2000; Verdes-Montenegro et all
2001).

HCG 95 presents clear signs of interactions as tidal
tails and bridges, Ho emission and TDG candidates on the

main tidal tail (Iglesias—Paramo & Vilche 2001). The in-

teraction system (HCG 95A/C), which is indeed formed
by three galaxies (an elliptical, HCG 95A, and two disk
galaxies, HCG 95C1 and C2) giving rise to the complex ar-
rangement of tidal tails observed in this group, was studied
by Ilglesias—Paramo & Vilchen (1997, [1998) and two mod-
els were proposed. The first one suggests that the two disk
galaxies (C1 and C2) are in on-going interaction and this
pair interacts with the elliptical galaxy. The second scenario
puts forward that the two disk galaxies interact indepen-
dently with the elliptical galaxy in different times, generat-
ing a pair of tails each and are projected over each other (see
Ilglesias—Paramo & Vilchez 1997, 1998, for a more complete
description of the models).

The on-going interactions suggest that this group is
young, or entering an intermediate stage of dynamical evolu-
tion. [glesias—PArama & Vilchez (1991), found unusual color
and patches of dust in the elliptical galaxy, which together
with the Ha emission would be a sign of mass transfer among
the galaxies through the tidal tails. The authors argue that
those effects where indicating that this interacting system
would probably merge in a few orbital periods.

The detected IGL component has a magnitude of Mp =
—19.440.6, which is about one third of the total luminosity
of HCG 95A. This result gives support to the scenario that
puts forward that this group is in an intermediate evolu-
tionary stage, since the IGL component has most probably
been created by the interaction of HCG 95A/C. No exten-
sion of the IGL was detected towards the discordant galaxy
HCG 95B, an additional indication that this galaxy does not
belong to the group.

5.3 HCG 88

No IGL component was detected for HCG 88 down to
the surface brightness detection limit of up = 29.1 and
pr = 27.9. This result supports the scenario of HCG 88
being a filamentary system which has just initiated its evo-
lution. Further support to this scenario comes from the Hi
observations for the group galaxies: all four late-type galax-
ies of the group still contain 90% of the HI attached to their
disks (Verdes—-Montenegra et all 2001) suggesting this is a
group that has been together for a short time.

The very low wvelocity dispersion of this group,
31 km s~ !, lower than the expected for a virialized structure
with the group characteristics, was used bym (IM) to
argue that this group would be a chance alignment of galax-
ies in a turnaround point. This group was also pointed out
as a good candidate for HiﬂnmusL_Ka.Lz_&Mn_bﬂd (11_9_%
projected filamentary groups.

On the other hand, according to
B&m_es_Mgn_tgu_egm_aLaﬂ (|2_O_O_1| a group with a fila-
mentary structure such as HCG 88, with very low velocity
dispersion and short crossing time (very different from
the predicted from Hiﬂnmusﬁ_aLaﬂ |_'L£19ﬂ, simulations),
with a high fraction of HI associated to the galaxy disks
and very isolated (there are only two galaxies, about 3
magnitudes fainter than the faintest giant member galaxy,
HCG 88D, in a 700 kpc-side square centered on the group,
lde Carvalho et all [1991) is very improbable to be a chance
alignment. Our conclusion that the group is in an initial
evolutionary stage agrees with the results from

(2003) and ICoziol et all (2004). Dynamical friction could




also be responsible for low observed group velocity disper-
sion, but it would only be expected in a group in advanced
stage of collapse, which does not seem to be the case here.

5.4 Final Remarks

No significant relations between the structure size and the
intra-group or intracluster light fraction were found. The
literature points to values ranging from 16 to 28% for clus-
ters with richness 2 (Feldmeier et alli2004), 13% for a cluster
with richness 3 (Feldmeier_et_all2002), an average of 11% for
clusters at z &~ 0.25 (Zibetti et all2004), 17 to 43% in Virgo,
depending on the studied region (Arnaboldi et alll2002) and
50% in Coma (Bernstein et all [1997). The fraction of IGL
found for HCG 79 is a high value. It is interesting to note
that the values for clusters may include the light of several
galaxies which are not in reality involved in the interaction
processes that generate the intracluster component, but in
compact groups, in particular for HCG 79, all the member
galaxies seem to be somehow involved in the interactions.

We could recalculate the M/L for HCG 79 and HCG
95, estimated by [Hickson et all (1992), correcting the lumi-
nous component by the IGL detected in this work. However,
these measurements are very uncertain given that the only
mass determinations available for these groups are from the
spectroscopy of a few member galaxies (Hickson et all{1992).
Therefore, any attempt to find correlations between mass,
or M/L, and the IGL fraction would be speculative at this
point.

Hickson_et_all (1992) point out a possible relation where
shorter group crossing times would indicate a more evolved
stage, estimated by the spiral fraction and the magnitude
difference between the first and the second ranked galaxies
(Amyq2). Taking the IGL fraction as a dynamical evolution
indicator, the groups studied here do follow the same trend,
however without any statistical significance given the size of
our sample (three groups). HCG 79 has a crossing time of
0.004 H;' and an IGL fraction of 46 4+ 11%, HCG 95 has a
crossing time of 0.007 H; ' and an IGL fraction of 11 +26%
and HCG 88 has a crossing time of 8.7 H(;l and no IGL
detection.

The study of the relations between the IGL characteris-
tics and the group environment will be addressed in a forth-
coming paper when a statistically significant sample can be
studied.

In conclusion, with the presently studied sample we
could define an evolutionary sequence, in which HCG 79
is the more evolved, in an about-to-collapse stage; HCG 95
is an intermediate to young group in this sequence; and fi-
nally HCG 88 is the least evolved of the groups, which has
just started its dynamical evolution.
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Figure 5. The upper panel shows the reconstructed IGL compo-
nent for configuration I (using combined evidence thresholding)
and the middle panel for configuration II (not using combined
evidence thresholding). The lower panel shows the surface bright-
ness profiles of the input model (continuous line) and two recon-
structed IGL components (short dashed and long dashed lines for
the configurations I and II, respectively), in arbitrary magnitude
scale. A segment of the profiles is shown to allow a better view
of the differences. It can be noticed that the radial profile has a
slightly sharper decrease for configuration II.
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