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Abstract

We present the detailed Optical to Mid Infrared (MIR) analysis on the compact group of galaxies
RSCG44. The optical analysis comprehends both photometric and spectroscopic studies for six ga-
laxies in this group. The overall Optical to MIR data provide maps, spectra, profiles and images to
analyse galaxy properties (structure, line-strength features, etc.) of each member searching for
signatures of star formation and nucleus activity. In the photometric analysis, we study $BVR$ sur-
face brightness and colors calculated for regions such as galaxy centers, possible bridges, tails and
optical knots. Optical direct image also presents residual images (after subtracting isophotal
models) and unsharp masked images in order to uncover any hidden structure in the system. The
inclusion of maps, profiles and images from the Spitzer Space Telescope (SST) was made in order
to provide a complementary outlook for the optical colors and the environment in which the
group evolves, hence, a better explanation of the photospheric component and possible photdis-
sociation regimes in polycyclic aromatic hydrocarbon (PAH) emission at 5.8 and 8 pm have pro-
vide a disentangled view of dust properties in the interstellar medium (ISM) at MIR. Optical spec-
tra for the group are also provided to establish a more fond comparison between optical to mid
infrared properties. The color gradients were compared with the optical spectra of both galaxies,
showing in general similar trends for star formation. Globally, color maps, color tables and optical
spectra indicate predominant stellar populations from classes I, IIIl and V corresponding to spec-
tral types of K-M stars with ages of at least in the order of 10 Gyr for models using metallicity
ranges with solar and non solar abundances. These results lead us to the conclusion of a moderate
star formation rate and a tranquil evolving state of the system.
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1. Introduction

Among the investigation for the global picture of the star formation history in the local Universe, one of the key
questions on the subject arises when asking the question: what drives the changes in the star formation rates
(SFR’s) in individual galaxies? Diversal causes, such as interactions and environment dependency, point the
SFR as a function of different variables (like mass, time, lumnosity, chemical composition, etc.). In order to in-
vestigate the evolution of SFR’s in galaxies, it is necessary to have a large range of galaxy properties obtained
with accurate photometric and spectorscopic data.

Groups of galaxies in different environments provide us with unique characteristics for the study of each indi-
vidual member in the group and the evolution of the group itself. A well known specific characteristic is the
low-velocity dispersions of the group, and this characteristic leads to slow encounters between galaxy members.
The phenomena of galaxy encounter were predicted to cause star formation episodes [1] and active galactic
nucleus (AGN) activity.

Interactions between galaxies in groups were predicted to be more frequent on compact groups of galaxies by
theoretical models [2]-[4] where tidal forces are the main reason for appeared tails and bridges and a subsequent
triggered star formation, hence, an expectation of bluer colors and emission lines at the Balmer HB was pre-
dicted at observations.

The updated observations (ever since the first mentioned models) revealed that the interaction rate in compact
groups, was larger than clusters, and gave evidence on how the encounter (collision) process also alters the
group galaxy population (in the case of galaxy mergers, for example) and the properties of the intergalactic me-
dium (IGM). However, the rate of star formation was not as high as predicted by the first models in some group
samples [4], while others, like the study made by Severgnini & Saracco [5] with a sample of 95 galaxies in 31
HCG’s, suggested that higher levels of star formation (measured by Hao emission) are associated with slower in-
teractions between the group members.

The study of compact groups in the local universe is of great interest within the context of galaxy evolution,
where good examples of candidates for fossil groups have been found at low redshifts [6], these kind of empiri-
cal studies contribute to the recent interest in trying to identify the mechanisms driving galaxy evolution on dif-
ferent environments [7].

Another example of galaxy group evolution are the HI observations in 70 HCG’s by Verdes-Montenegro et al.
[8] were the proposed scenario, is a loose group that first contracts into a compact group and then further se-
quences of evolution trigger merger events for at least a couple of the members of the group where the final
product exhibits an early type galaxy within a fossil group. After this stage, galaxy morphology tends to evolve to
that of an early type, in which HI gas is extracted, dispersed and X-ray gas is created. Here, the gas is redistributed
from the quiescent interstellar medium to fuelstar formation, power AGN activity, and produces different observa-
ble processes such as bridges and tidal tails (which also contributes to the enriched intracluster medium).

Thermal infrared observations with the Infrared Space Observatory (1SO) have also showed how star forma-
tion, AGN activity and the presence of cold/warm dust related to the group environment, where signatures in the
infrared emission of the group members have been already found [9] [10].

It is possible to study galaxy groups as being part of galaxy clusters within an infalling frame theory where
they must first interact with the environment before even coming close to the center of the cluster [11] [12]. The
study of galaxy groups in clusters could be also a possibility to address cluster evolution in earlier epochs than
the evolution observed in the local universe where the structures involved in cluster evolution are often sub-
clusters with a mass of ~5 x 10* M, higher than the typical mass of a compact group (~10* Mg).

In a multi-wavelength study from optical to NIR, we have made a pilot test to analyze and present a single
group of galaxies that could be referred as a group infalling into a cluster. RSCG 44 compact group of galaxies
at o = 11"44™00°, § = 19'56'44" (Epoch 2000), at z = 0.021 or 84 Mpc in calculated distance with Ho = 75
kms *Mpc ! (Figure 1), part of Abell 1637 (z ~ 0.0216), was observed as part of a larger sample of galaxy
groups for an environment type study. However, similar characteristics found in this group makes it comparable
to those groups presented by Cortese et al. [11], hence, we present this single case as an option to provide more
information rewarding previous results.

The paper is divided as follows: Section 2 presents the group of galaxies and its previous literature, Section 3
presents and describes the techniques used for the data, Section 4 shows the results obtained and finally section
5 gives our discussion and conclusions of this group of galaxies.
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Figure 1. Image from the 1.5 m telescope showing the RSCG 44 in B filter showing the
6 members of the group denoted as a, b, c...f respectively.

2. RSCG44 in the Literature

The RSCG 44 group is in fact a compact group of galaxies (whose main properties are comparable to that of
Hickson Compact Groups) with 6 identified members, this group is part of the Abell 1367 cluster. The Abell
1367 cluster, contains 4413 confirmed members [13], however, the apparition of the RSCG 44 nomenclature for
the compact group is first mentioned by Barton et al. [14] in their magnitude-limited red shift survey based on
projected separation and association in red shift alone. All six members of the RSCG 44 group are embebed in a
~52 kpc radius with velocity dispersions ranging from o = 300 - 600 kms . As seen in Figure 1 there is a small
companion NE of RSCG E, however its measured radial velocity (approximate 7500 kms *, [15] leaves it out of
the compact group membership (as defined by Barton et al. [14]).

The identification of thegroup alone is made trough a group-finding algorithm with the Ramella et al. [16]
codes from the CFA2 [17] and the Southern Sky Red shift Survey (SSR2) [13] magnitude limited redshift sur-
vey for HCG-like systems. In chronological order the RSCG nomenclature is used in this paper for this compact
group.

A vyear later from the same group of authors of Barton et al. [14], Ramella et al. [16] applies their same codes
for a more extensive catalog also based on redshift surveys. The codes were based on the Friends-of-Friends
Algorithm (FOFA) originally made by Geller et al. [17]. This algorithm identifies regions which exceeds a spe-
cific threshold galaxy density. In this new catalog, the RSCG 44 compact group is identified as part of a larger
group of 65 galaxies, with the nomenclature RPG97. The last mention of this group as such is made in Ramella
et al. [18] on an application of Ramella et al. [16] algorithms to the Updated Zwicky Catalog [8] and the SSR2
catalog in this last paper the compactgroup is part of a new larger group of 72 galaxies.

The fact that the Barton et al. [14] and Ramella et al. [16] [18] catalogs used a selection criteria similar to
those of HCG’s (=3N, mg < 26Ap/p > 80, V, > 320 kms* etc.) provide us with the advantage that this compact
group should be in principle isolated and distinct from its surroundings as are HCG’s, the RSCG’s have an iso-
lation criteria of y = On/06 [14], were 6gis the smallest circle including all galactic centers andy is the largest
concentric circle which contains no galaxies within 1200 kms™*, this isolation criteria being distinct from Hick-
son’s were B < 6 < 36¢ can cause bonafide systems to fail.

Different results have been thrown up for environments in HCG’s Rubin, Hunter & Ford [19], Ramella et al.
[16] [18], Severgnini & Saracco [9], they reveal that some HCG’s are embedded in denser environments. Even
when the environment selection of RSCG 44 was chosen by in such way that the system is “isolated” as HGC’s
most of RSCG’s are indeed part of loose groups or larger structures, henceour motivation to perform this analy-
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sis still tries to complement the answers for whether or not compact groups are gravitationally bound systems
affected by their environment.

Recent similar analysis than ours have appeared with Walker et al. [19] who used this compact group as part
of a larger sample to compare Hickson compact groups properties as well as environment properties of RSCG’s
with MIR colors, however, this paper provides a more indetailed analysis of the RSCG 44 group using a differ-
ent approach than that made by Walker et al. [19]. There is also an analysis performed by Iglesias-Paramo et al.
[6] where a r’-band luminosity function for the Abell 1367 cluster were a list of members includes RSCG 44 and
measures R-band magnitudes is shown.

3. Observations and Data Reduction

The data include two observational periods from the different telescopes, direct image from the 1.5 m Tele-
scope and spectra from the 2.1 m Telescope of the Observatorio Astronémico Guillermo Haro (OAGH, Cananea,
Hermosillo). We also took spectra from the SDSS public archive and the Spitzer Telescope public archives.

3.1. The 1.5 m SPM Telescope

We have taken direct image with the SITel Charge Couple Device (CCD) with the BVR Jhonson filters in the
Italian filter wheel. The observations were taken during the 18 - 20 of march 2009. We obtained total combined
exposure times of 1.5, 1 and 0.5 hr in BVR respectively. The scale for the data was of 0.27” pixel * and the CCD
field of view was 5.1 x 5.1 with a typical seeing of ~2.5”. We use a Hubble constant of H, = 75 kms ™ and
calculate a distance of 84 Mpc Sky brightness during these observations were pg g ~ 22 mag/arcsec?.

3.2. The 2.1 m SPM Telescope Spectra

Spectra from the 2.1 SPM telescope was obtained during the 14 - 19 of may 2009, the spectra comprehendsl.5
hr of total combined expositions. A Boller & Chivens spectrograph with a SITel CCD was used. We had a pixel
size of 0.61” pixel * with a grating of 1501/mm, a blaze angle of 5000, the slit aperture at 160 um, 2.38 pixel * of
dispersion and a mean spectral resolution of 9.79 - 10. This resolution was chosen in order to calculate Lick
spectral indices for the members, hence, a set of 15 Lick stars contemporary to the observations were taken in
order to make an appropriate calibration. The conditions in the observations made only possible to obtain four
(members, A, B, C, F) out of six total spectra of the compact group. In order to complete the sample we used the
archives from the Sloan Digital Sky Survey (SDSS).

3.3. The Sloan Digital Sky Survey Spectra

The Sloan Digital Sky Survey is a digital photometric and spectroscopic survey that cover one quarter of the sky
using a 2.5 m at the Apache Point Observatory. The only available spectrum from our incomplete sample was
that of galaxy member RSCG 44D, written as file spSPec-54180-2509-432 from the SDSS website Data Release
6 [20]. One spectrum is missing from the SDSS archives, this is identified by us as member E. The SDSS spec-
tra cover a wavelength range of 3800 - 9200 A with a mean resolution of 3 - 3.6 A. (see
www.sdss.org/dr6/products/spectra/index.html for more details about the spectra) In order to have the same res-
olution as the rest of the sample, the spectrum was smoothed with a Gaussian function as indicated in Section 3.

3.4. The Spitzer Space Telescope Data

Data from the Infrared Array Camera (IRAC, [8]) were taken from the SST web page for the RSCG 44 group in
the archives SPITZER-11-3558688-0000-5-E2023541,SPITZER-12-3558688-0000-5-E2024156, SPITZER-13-
3558688-0000-5-E2024438 andSPITZER-14-3558688-0000-5-E2025087, for the 3.5 um (filter bandwidth &) =
0.75 um), 4.5 um (62 = 1.90 um), 5.8 um (A = 1.45 pm) and 8 um (A = 2.91 um) respectively.

3.5. Data Reduction

Photometric Reduction
The standard bias-dark-flat process to reduce the data in IRAF*. We have produced a color image (Figure 2)

'IRAF is distributed by the National Optical Astronomy Observatory which is operated by AURA, Inc., under contract.

O,


http://www.sdss.org/dr6/products/spectra/index.html

J. A. Pérez-Grana et al.

0.650.780.851.12 .301.50 >1.7

Figure 2. From left to right, above: (B-V) color map of the group, (red zones correspond to redder colors while bluer zones
correspond to bluer colors), (5.8 um/4.5 pm) color map where darker colors correspond to bluer zones. Below, from left to
right: (B-V) color map of galaxy member E (same scale of colors as first optical color map), d) (5.8 um /4.5 pum) color map
of galaxy member E, where darker colors correspond to bluer zones.

with the three combined filters were the colors respectively correspond to the three filters: red R, green V and
blue B. Along with sky subtraction we made a seeing correction to BV images applying a convolution function
in order to smooth the image. The standard photometric equation used in [21] was applied in the same manner in
this work. In each run observations of Landolt standard fields containing Palomar Green stars were performed
during the night at a range of air-masses. Instrumental magnitudes were obtained using IRAF’s phot task. Esti-
mates of the extinction coefficients were obtained by plotting instrumental magnitudes against air-mass for mul-
tiple observations of the same field of standard stars, and these estimates of the extinction coefficients were used
to derive values for the photometric zero points and color terms. Using the standard format for the linear calibra-
tion equation:

m, =m, +C, +C, X + C,stdcol

ms: standard catalog magnitude of the object,
m,: instrumental magnitude of the object,

Co: photometric zero point,

Cy: extinction coefficient,

X: effective air mass,

C,: color term,
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stdcol: color index,
Our resulting equations are:
1 m JKT Telescope (La Palma) 1999 February 16:

B =b+2324+0.20X +0.03(B-V)
V =v+2384+0.23X +0.02(B-V)
R=r+2403+0.23X +0.09(V —R)

A seeing correction between variations from images was applied with a Gaussian function to filters B and V in
respect to filter R. The method consist in comparing both flux and full width at half maximum (FWHM) of
neighbouring stars between filters, thus, scarifying a good resolution images for a more broadened image similar
to the mean FWHM found in the more broadened image (the R filter in this case).

Surface photometry was performed on the galaxies using the final images in counts with the stars removed.
Radial color profiles were generated by subtraction of the individual calibrated surface brightness profiles. Cor-
rections for Galactic extinction correspond to Ag ~ 0.02 - 0.06 following Schlegel et al. [1] and Iglesias-Paramo
et al. [6] in their r’-band luminosity function for Abell 1367. The redshift K corrections were calculated accord-
ing with the tables of Poggianti [22]. All magnitudes and tables in the paper are corrected according to these
values.

3.6. Residual and Unsharp-Masked Images

Ellipse fitting was carried out using the program ellipse in the IRAF isophote package and starts from the iso-
phote corresponding to 25.6 mag/arcsec® in B (2% of sky level). The best fit isophotal models generated can be
subtracted from the final reduced image (in counts) to produce residual images. These images show no asymme-
tric structures besides an optical NO of 1C3481. Another method for uncovering hidden structures is the unsharp
masking method. We use the IRAF gauss task to smooth the image with a gaussian function (we use a Gaussian
with different values of sigma value of ¢ = 3, 5, 10, 20, 40, 50 (pixels) and then subtract this smoothed image
from the original generating the “unsharp masked” image. This process was also carried out with the images for
images of both telescopes.

3.7. Spectral Reduction

The spectra obtained in OAGH was reduced by applying a standard reduction in IRAF with the twodspec and
the onedspec package, we used the program splot in IRAF.

For the calculation of Lick indices we used our own routinein the IDL software, the indices were calculated in
terms of magnitudes or angstroms as indicated by Worthey [23] for either molecular bands or atomic features
respectively.

In order to have the same resolution in the SDSS data we smoothed our data convolving each spectrum with a
wavelength-dependent Gaussian kernel with widths given by the formula in Rampazzo et al. [24]:

FWHM(4)", —FWHM(1)
O smooth =

2

our (2)

8In(2)

as for the lick stars, in order to transform our line strength indices into the Llck system we followed the descrip-

tion on [23], once the spectra has been degraded, we compared our measures with the Lick-1DS indices reported
by Worthey [23] in a linear regression. The main form of this linear regression is:

EWIick = ﬂ + aEWour (3)

3.8. Spitzer Data Reduction

We have produced a color image showed in Figure 2, were red colors correspond to 5.8 pm emission, green
colors to 4.5 um emission and blue colors to 3.5 um emission. We also have produced contour maps of the
group, were the lowest mapping contour corresponds to 5c¢ background noise levels. The intrinsic flux E, cor-
responding to contour n is given trough E, = 10 + B MJysr * were A and Bare constants which vary with the
band and source of consideration (see [21]). The mid-infrared colors of the group will be dependent on the tem-
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perature of the dust, the strength of the stellar blackbody emission and polycyclic aromatic hydrocarbon emis-
sion (PAH emission) that can contribute to three of the four IRAC bands. These three dominant components of
the mid-infrared emission can be disentangled (to some extent) by 3.6/4.5 um, 5.8/4.5 um and 8/4.5 um flux ra-
tio mapping of the sources, a procedure similar tothe one applied in [21] and applied again in this paper. The
strongest PAH contribution is expected to happen in the 8/4.5 um flux ratio, hence, for example galaxies with
emission dominated by stellar light and little dust or PAH should present low values of 8/4.5 um flux ratio.

4. Results
4.1. Optical Images

The resultant images are shown in Figures 3 to 4. Figure 3(a) shows our rgh combined color image from the R,
V, B filters. Figure 2(a) shows the (B — V) color map, the nuclei of members A, B, C, D are in general slightly
bluer regions than the rest of the galaxy (approximate 0.26 redder in B — V color). As for member E, even when
this galaxy correspond to a late Hubble type and hence, bluer than the rest, a similar optical color gradient is
seen from the nucleus towards its disc.
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56:00.0
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Figure 3. Left: optical rgh color image from 1.5 m Telescope. Right rgb color image from the Spitzer images using the 3.5,
4.5 and 5.8 pm bands.

Figure 4. Left: residual image of RSCG 44 in B filter. Right: the unsharp masked image of rscg 44 in B filter from

the 1.5 m telescope.
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RSCG44 A and D shows red regions towards the north of the image, these regions, at first impression it seems
to be an artifact of either small misalignments of the images or a seeing variation between these. In order to
prove the later hypothesis, we performed a seeing correction for both filters and compared the alignment
processes with the star in the field, the methods seem to be accurate and do not reveals a reduction artifact re-
sponsible for such gradient effect in the color map, hence, we believe this zones to be real in our images.

Along with color maps Figures 4(a), (b) shows the unsharp masked images and the residual images for
RSCG 44. As mentioned before, we used different values to broaden the image (but only show the image with ¢
= 3, where o relates here to the Gauss function term,) and then subtract it from the original, and in exception for
the bars present in members E and F there is not a trace for internal structure within the rest of the group.

4.2. Optical Profiles and Spectra of the Individual Members

The main surface brightness of each galaxy members and its optical colors are plotted against the r* radius in
Figures 5-7. These plots also exhibit the a,/a component of the Fourier Series which indicates the boxines or
disckyness factor of the mean isophotes of each member, the position angle (PA) of the mean isophotes and el-
lipticity (ELLIP) for a better morphological analysis (Section 4) are also shown along as well.

In Table 1 the corresponding global optical and Mid-IR colors, as the observed apparent and absolute magni-
tudes for the galaxy members are shown, the corresponding Agand K magnitude corrections for these are dis-
played in Table 2. Tables 3 and 4, show the calculated radial distance, luminosity and main physical parameters
for the members of the group.

Globally, the optical color profiles of galaxy members in (B — V), (V — R) seem to have a red gradient from
the- nucleus to the outskirts of each galaxy. The color gradient remains somewhat steady further out (reaching
(B — V) ~1.45 at 20”). These colors correspond mainly to K and M type of stars.

Galaxies C, E have as/a > 0 for about 20” indicating that these isophotes are dominated by a small disk com-
ponent (the mean values of a,/a in disk galaxies are reported as a,/a > 2, see Pérez-Grana et al. [21], Grutzbauch
et al. [7], Jerjen et al. [25]) this indicative is also found in our unsharp masked images and residual images.

Regarding the obtained spectra, the absorption lines present within this group seems to coincide with typical
E/SO spectra excepting for galaxy RSCG44 E which exhibits line emission. The emissién lines at RSCG 44E
can be used to trace any nuclear activity in it, following Martinez et al. [26], we have analyzed the O[I11]/Hpvs.
O[I/Hw ratiosto find out that this is in fact the case of and AGN occurrence.

Mid-IR Profiles

The Mid-IR profiles are shown in Figure 7 these profiles show a similar trend as that observed in the optical
color profiles. In general, MIR color indicates that these are not dominated only by the amount of dust within
each member of the group, but also due to dust temperature and PAH contributions to the measured color. We
applied MIR color ratios in order to differentiate between dust temperature and PAH contribution. Our obtained
color values are shown in Figure 7. Comparing the resulting profiles it is possible to notice how at the (3.5/4.5)
pum profile for example, is quite comparable to that obtained in previous literature matching early K stars [12].

5. Discussion
5.1. The Star Formation in RSCG 44

5.1.1. Optical Colors and Stellar Populations of RSCG 44
Regarding optical profiles it is possible to notice how V band profiles in Figures 5, 6, are very similar to those
on Figures 6, slope changes in the profiles are occur nearly at the same radii, meaning how, this is an indicator
of how the radial surface density of stars are the same in different stellar populations within the galaxies.

In the comparison of optical color (B — V) images to near infrared color images in (5.8/4.5 pm) also indicates
a similar trend were bluer regions are the reddest regions for a NIR color image. The occurrence of how NIR
(5.8/4.5 um) color can be an indicator of star formation was noticed by Riffato et al. [27] were a correlation of
PAH emission with star formation rate suggests that the stars that ionize the gas also heat the PAHS.

Although cool stars can heat PAHSs too [8] [28], and most of PAH emission at NIR is detected at 8.0 um the
(4.5/8.0 um) ratio provides a better estimation to discern the PAH emission from hot dust and then compare with
the (B — V) profiles that are dominated by relative young stars. In this manner, having a comparison of the opti-
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Figure 6. Optical profiles of RSCG 44 E, F and optical spectra for members A, B. C, D, F. The photometric profiles
are arranged as presented in the previous figure.

cal profiles at (B — V) and the NIR-profiles it is possible to infer that PAH emission can be triggered by heating
of young massive stars.

Even when it has been found that star formation is statistically enhanced in close pairs [29] and recent obser-
vations by Marcum et al. [30] suggests that at least four of their eight E/SO samples of isolated galaxies are indeed
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Figure 7. Left: Mid-IR color profiles of RSCG 44. Right: (3.5 m profiles of RSCG 44 (A, B, C, D, F, from above to below).

Table 1. Optical colors for the group RSCG 44. Values in the second and third columns correspond to our measurements
corrected according to the data provided in the next table.

Object
RSC 44A
RSC 44B
RSC 44C
RSC 44D
RSC 44E
RSC 44F

mg mag/arcsec?
15.41+0.06
17.47 £ 0.06
17.79 £ 0.09
16.55+0.09
16.26 + 0.09
16.70 + 0.09

Mg mag/arcsec?
—19.92 £ 0.06
—17.46 + 0.06
-17.14 +0.09
—18.38 £ 0.09
—18.67 £0.09
—18.23 £0.09

(B-V) (V-R)
1.15+0.07 0.60+£0.07
1.32+0.08 0.65+0.09
1.40£0.03 0.71+0.04
1.28+0.04 0.68£0.09
0.83+0.03 0.55+0.04
1.11+0.03 0.54+£0.05

Table 2. Magnitude correction table. The Ag for the total magnitudes and the reddening for the color from the extinctions of
Schlegel et al. [1] are shown in the first line. The second line contains the K-correction from Poggianti.

Correction mg Mg B-V) (V-R)
Agor E(C; - Cy) 0.24 0.24 0.06 0.04
K-Correction 0.12 0.12 0.07 0.02
Table 3. Physical parameters of the galaxies within RSCG 44.
Parameter RSCG 44A RSCG 44B RSCG 44C RSCG 44D RSCG 44E RSCG 44F
dMpc 84.0 83.6 84.0 84.0 88.1 91.2
L[10° Lo] 5.59 0.839 0.625 1.95 2.55 1.70
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Table 4. Velocity dispersion, viral radius, viral mass and cross section time of the galaxy group RSCG 44.

Parameter o [kms™] Ruir [kpc] Muir [10% Mo] ¢ [10” year]
613.7 613.7 584.6 17.6 3.74

fossil groups (having a (B — R) < 1). We applied a comparison of colors with the models of Bressan et al. [31] in
early-type galaxies for age and metallicities of the predominant stellar populations. This models strongly indi-
cate the case of old stellar populations with low metallicity. This fact in which the colors for IC 3481 correspond
to ages of ~10 - 11 Gyr (Z = 0.02 and Z = 0.004), is in accordance with old ages and low metallicities found by
de la Rosa et al. [32] and Mendes de Oliveira et al. [33] for E galaxies in Hickson compact groups. The redder
colors found in this pair coincides also with results found by Perez Grana et al. [21] and Gruztbauch et al. [7] in
both cases the authors present a photometric and morphologic study of galaxy groups and does not only have a
sample with predominant early type galaxies but late types as well.

Thus, the mixture of young and old stars is the same throughout the galaxy disks. Both BCDs with these col-
ors show a gradient, at least in the galaxy center, getting redder with distance from the center of the galaxy. This
is consistent with the central concentration of intense star formation in these systems. For 123:6A 124:5A, the
color is constant with radius in85% (11 of 13) of the Im galaxies and all three of the BCDs.

5.1.2. The Spectra

In general, the overall ranges of the o and Bcoefficients in our linear regression (Section 2) applied to calibrate
from our observed indices to those of Lick go from 0.959 < o < 1.083 and 0.107 < 3 < 0.184 which establish a
reliable calibration with no significant deviation from a one-to-one relation, except for some indices such as Fe
4531, TiO,, TiO,, Mgb, whose corresponding deviation where greater than the above and where not included in
our results.

As described before, once the calibration process produced a reliable one-to-one relation a series of Lick in-
dices were obtained for the analysis of the group early tipe galaxies, such results are presented in Table 5. Hav-
ing a set of Lick indices, we selected the HB, Mgb, and Fe5270 and Fe5335 as the leading indices to be used in a
comparison study with previous literature that use single stellar population (SSP’s) models to disentangle age
and metallicity effects. Here, our first two selected indices, respond to changes in age and have a small variation
in changes of a/Fe, while indices Fe5270 and Fe5335 respond well to changes in metallicity while maintaining
also a small variation in o/Fe.

The previous data were used to measure the [MgbFe]’ (described in [34]) versus the HBindices (Table 6) and
compare it with current SSP model in order to disentangle age and metallicity factors. In this manner, we com-
pared our results to model used by Sharina et al. [35] in which a setting for a/Fe = 0.0 is employed. Finally, it
was estimated how in the later mentioned model, the early types member of RSCG 44 indicate to be located
within a range of 10 - 17 Gyr in age and 0.0 < Z < 0.35 in metallicity.

As for the spectrum which exhibits emission lines wehave employed the Gavazzi et al. [34] method tocalcu-
late the star formation rate where the corresponding flux of HaA6563 are transformed into ranges of SFR. We
measured a Ly, = 10.6 x 10% [ergs™] which turned into a SFR of 0.09 Meyr . It is also possible to classify this
galaxy by means of its optical spectrum and locate it whether as AGN or SF galaxy. In order to do this we ap-
plied the Martinez et al. [26] method measuring emission lines such as [O111]A5007, [O1]A6300 and [NI1]16584,
and [SII] in order to establish a discriminating ratio of [OI1]/[HB], [O1)/[Ha], [NH)/[Ha] and [SH)/[Ha]. Cor-
responding values are shown in Table 7. Having estimated the main ratios, the resulting information suggests to
classify RSCG 44E as an SF galaxy.

Using the resulting spectra of the group, it is also possible to perform a similar qualitative analysis of that
done by Walker et al. [19] where a correlation of color space both optical and MIR is applied to show how red-
der galaxies contain the largest PAH contribution while bluer galaxies contain little PAH features.

5.1.3. Mid-IR Profiles

As is known the interstellar dust plays an important role in galaxies where dust grains absorb the stellar light and
re-emit the absorbed energy at infrared wavelengths. It was estimated that the energy emitted by a galaxy re-
sembling physical characteristics of the Milky Way can range to an amount of approximate 30% of its total
emission, while in ultra-luminous infrared galaxies it can range up to 90%.



]. A. Pérez-Grana et al.

Table 5. Obtained Lick index from the observed spectra.

RSCG 44A RSCG 44B RSCG 44C RSCG 44D RSCG 44F
Index our/lick our/lick our/lick our/lick our/lick
Cad227 0.53/0.59 0.23/0.30 0.87/0. 92 0.69/0.75 0.54/0.60
Fe4251 1.94/1.85 3.56/3.38 2.65/2.52 0.59/0.58 -
G 4300 3.42/3.58 5.16/5.30 3.42/3.59 5.45/5.58 3.36/3.53
Fe4383 1.70/2.03 2.71 3.17 1.74/2.07 2.57/3.02 1.79/2.13
Fe4455 0.33/0.54 0.66/0.85 0.24/0.46 0.45/0.65 0.44/0.64
Fe4686 5.2/5.23 5.62/5.66 4.25/4.24 5.27/5.3 1.26/1.13
H_beta 1.11/1.01 1.55/1.45 1.30/1.19 1.07/0.96 1.23/1.12
Fe5015 2.68/2.79 4.77/5.02 4.07/4.27 2.58/2.68 2.16/2.23
Mgb 3.42/4.64 4.11/4.33 3.5/3.72 3.45 3.47
Fe5270 3.42/3.64 4.11/4.33 3.5/3.72 3.45/3.67/
Fe5335 1.35/1.40 2.04/2.08 1.70/1.75 1.37/1.42 1.42/1.47
Fe5406 1.09/1.19 1.51/1.64 1.11/1.22 1.10/1.21 1.09/1.19
Fe5782r 0.55/0.56 0.56/0.57 0.33/0.33 0.53/0.54 0.34/0.35
NaD 4.62/4.55 4.12/4.07 2.61/2.62 4.49/4.42 -
TiOl 0.12/0.07 0.07/0.03 0.04/0.02 0.05/0.03 -

Table 6. [MgbFe]” and Hp estimated values for the obtained indices.

Galaxy [MgbFe]’ HB
RSCG 44A 2.64 121
RSCG 44B 3.0 145
RSCG 44C 2.65 1.19
RSCG 44D 2.29 0.96
RSCG 44F 2.71 112

Table 7. Calculated values of logarithmic ratios for the main emission lines in RSCG 44E.

Galaxy Log([OIIJ/[HB]) Log([O1]/[Ha]) Log(INI1]/[Hal) Log([SH]/[Hal)
RSCG44 E 031 0.14 0.12 ~0.26

Dust grains that range from 10 A < a < 200 A and (even smaller particles, Boselli et al. [35]) seem to be re-
sponsible for the Aromatic Infrared Bands (AIBSs). In this manner IRAC’s channel 1 (3.6 pm) centered at 3.6 um
probes the stellar population; channel 2 (4.5 pum) centered at 4.5 pm contains emission from hot dust as well as
stars; and channel 3 (5.8 um) at 5.8 um and channel 4 (8.0 um) at 7.8 um are dominated by thermal emission
from PAHSs in the interstellar medium (ISM), along with emission from hot dust. The 8.0 pum image in particular
contains the 7.7 and 8.6 pm emission bands [19]. Generally, PAH emission is low in dwarf galaxies, and this
may be related to the low metallicity and intense stellar radiation field in these systems relative to those of spiral
galaxies [35] [40].

It has been proved how the occurrence of [3.6 um] images offers can correlate to the stellar populations of a
galaxy compared to optical images and profile analysis [16].

Since the MIR is mostly dominated by old stars and low-mass stars of all ages there is a better approach to dis-
cern star population by using NIR colors. The color 3.5/4.5 A, on galaxies (especially IR galaxies, [7]) has been
observed to be rather constant and un-fluctuating among at an average of different observations at MIR between
galaxies [41]. In this manner, the overall analysis of MIR colors show that the compact group ISM is not simply
dominated due to varying amounts of dust between galaxies but also due to dust temperature and PAH emission.
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5.2. Morphological Classification and Residual Structures

NIR Morphology and Structure
In some spiral galaxies, stellar structures, such as bars, become more recognizable in the IR, perhaps because
they are formed from old stars or dust obscures their features in the optical.

In our compact galaxy group, however, the large-scale morphology that we see in the [3.6] or [4.5] um stellar
images is the same as that we see in the optical. It has been noted how to some extent, morphology and MIR
color are expected to correlate; here early-type galaxies expected to have bluer MIR colors [41].

We found no hidden bars for this compact galaxy group, and those bars that are present look the same in the
IR as in the optical (DDO 154, NGC 3738, NGC 4214, NGC 4449, and NGC 6822).

The stellar populations that are emphasized may be different in distinct pass-bands, but the structure of the
galaxy is the same for different stellar populations in IR galaxies. One exception is IC 10, which lies at low Ga-
lactic latitude; a Galactic dust lane obscures the western part of the galaxy in the optical, and the stars both in IC
10 and in the Milky Way behind the dust lane become apparent in the 3.6 um image (see Figure 3). Another
exception is NGC 3738, a galaxy with intense central star formation that looks similar in V and [3.6] but is less
round in J at outer isophotes [7].

6. Summary and Conclusions

The optical to MIR properties of the compact group RSCG 44 prove to be another example of how this type of
galaxy association is different from clusters or regular groups of galaxies, the environment at which RSCG 44
evolves not only occupies a different range of color space but also has specific MIR properties that differentiate
amounts of dust in the environment from dust properties such as dust temperature and PAH occurrence.

Another evidence of why the RSCG 44 can be cataloged as a compact group, is the fact that it also exhibits
how its members present a bluer core, hence, hosting moderate star formation, the later is a common characteris-
tic in compact groups that separates them from clusters (having legible star formation) [41].

This might be the case of a compact group infalling into the Abell cluster in a similar manner as a galaxy
group described by Cortese et al. [11], in which a case of an infalling group is proposed as an evolved compact
group whose sequence begun with at least three galaxies in which a massive early type galaxy plus a late type
and a small gas-rich galaxy started infalling at the outskirts of the cluster, and then galaxy interaction was trig-
gered by gravitational effects creating, tidal tails and bridges as well as galaxy formation.
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