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ABSTRACT

Aims. We study the effect of the extreme environment in Hickson @achgroups (HCGs) on the molecular gas mbs,, and the
star formation rate (SFR) of galaxies as a function of atdmdrogen (HI) content and evolutionary phase of the group.

Methods. We have selected a redshift limited {200 Mpc) sample of 88 galaxies in 20 HCGs with available atdmyidrogen (HI)
VLA maps, covering a wide range of HI deficiencies and evohary phases of the groups, and containing at least oné galexy.
We observed the CO(1-0) and CO(2-1) lines with the IRAM 30kesteope for 47 galaxies. Together with literature data,samnple
contains CO(1-0) spectra for 86 galaxies. We derived thinfaared (FIR) luminosity I(rr) from IRAS data and used it as a tracer
of the star formation rate (SFR). We calculated the HI md&g ), Lrir andMp, deficiencies, based on the values expected frgm
andL in isolated galaxies from the AMIGA sample. We limited ouatigtical analysis to spiral galaxies, since the large remolf
upper limits did not allow to draw strong conclusions abidyt, andLgr in early-type galaxies.

Results. The mean deficiencies &g and My, of spiral galaxies in HCGs are close to 0, indicating thairtheerage SFR and
molecular gas content are similar to those of isolated gegakiowever, there are indications of an excesglip (~ 50%) in spiral
galaxies in HCGs which can be interpreted, assuming thag tiseno systematic difference in the CO-te-Ebnversion factor, as
either an enhanced molecular gas content or as a higherrdositien of the molecular component towards the center mparison

to galaxies in lower density environments. In contrast,rtteanMy; of spiral galaxies in HCGs is only 12% of the expected value.
The specific star formation rate (sSFR= SFR/stellar massjste be lower for galaxies with a highkly, or My, deficiency. This
trend is not seen for the star formation efficiency (SFE=8#&R), which is very similar to isolated galaxies. We found téiuta
indications for an enhancement My, in spiral galaxies in HCGs in an early evolutionary phase adécrease in later phases. We
suggest that this might be due to an enhancement of the iordrom atomic to molecular gas due to on-going tidal imt&pns in

an early evolutionary phase, followed by HI stripping anceardase of the molecular gas content because of lack ohisptaent.
Conclusions. The properties oMy, andLgr in galaxies in HCGs are surprisingly similar to those ofaget! galaxies, in spite of the
much higher deflyy;) of the former. The trends of the sSFR and k() with def(My) and the evolutionary state indicate, however,
that the ongoing interaction might have some effect on thiecutar gas and SF.

Key words. Galaxies: evolution — Galaxies: groups — Galaxies: intevsas — Galaxies: ISM — Galaxies: star formation — ISM:
molecules

1. Introduction show them to have only 24% of the atomic hydrogen (HI) mass,
My, expected from their optical luminosities and morpholagic
%ges (Verdes-Montenegro et al. 2001). The inferred defagie
becomes even larger if one assumes that many of the lenticula
galaxies, that are over-represented in HCGs, are stripped s
rals. Verdes-Montenegro et al. (2001) proposed an evalatio
sequence for HCGs in which the HI is continuously removed
from the galaxies, finally leading to groups where most of the
HI is located outside of the galaxies. However, not only the
dividual galaxies in HCGs are HI deficient, but also HCGs
s a whole (Verdes-Montenegro et al. 2001). This leads to the
till open question of where the missing HI has gone and by

*Full Tables 1. 2 3 and 5 are available inwhich mechanism it was removed. In order to investigate the

electronic form at the CDS via anonymous ftp tgole played by a hot intragroup medium (IGM), Rasmussen et al
cdsarc.u- strasbg.fr (130.79.128.5) or via (2008) performed Chandra and XMM-Newton observations to

http://cdsweb. u-strasbg. fr/cgi - bi n/ qcat 2J study eight of the most HI deficient HCGs. They found bright
| A+A/ vvv/ ppp and fromht t p: / / ami ga. i aa. es/ . X-ray emission in only 4 groups suggesting that galaxy-1@M i

Hickson Compact Groups (HCGs) (Hickson 1982) are dense
relatively isolated groups of 4-8 galaxies in the nearbyeirrse.
The combination of high galaxy density (Hickson 1982) awd lo
density environment coupled with low systemic velocitypdis
sions & o > = 200 km s, Hickson et al. 1992) make HCGs
especially interesting systems to study how gas contenstand
formation activity in galaxies are influenced by the envirmt.
The most remarkable effect of multiple and strong intera
tions between galaxies in HCGs involves an atomic gas (Hl)
ficiency. VLA measures of individual spiral galaxies in HCGg
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teractions are not the dominant mechanism driving cold gas eally significant. On the other hand, while previous workslgt

of the galaxies. Borthakur et al. (2010) found with new sengl ing My, and SFR of galaxies in HCGs (Verdes-Montenegro et al.
dish Green Bank Telescope (GBT) observation of HGCs an irh998; Leon et al. 1998) were based on larger samples, thdse di
portant diffuse, low-column density intragroup HI compohfe not have the HI mass of the individual galaxies to compark wit
missed by VLA observations. Taking into account these compiy, andLgr. Thus, up to date, no study of the relation between
nents reduced, but not completely eliminated, the HI-deficy Mu,, My and SFR for a statistically significant sample has been
of the groups. carried out.

The effect of an extreme environment on molecular gas To shed light on the relations betwedfy, and SFR with
properties is controversial. An enhancement of molecute gMu properties of the HCGs, we present here a systematic study
content with respect to isolated galaxies has been repéotedfor galaxies in a sample of 20 HCGs for which we have HI mea-
strongly interacting systems (Casasola et al. 2004, aret-refsurements for the entire groups, as well as for a large &racii
ences therein), defined in that work as galaxies appearibg tothe individual galaxies. This enables us to take into actid
clearly interacting with nearby objects, presenting tiddls or of the galaxies as an additional parameter, as well as the evo
bridges, merging systems and galaxies with disturbedtsimes. lutionary phase of the group according to Verdes-Montemegr
With respect to galaxies in clusters, no deficiency of theamol et al. (2001) (see Sect. 2). We compare the properties ofigala
ular gas content has been found in global studies of the Virgp HCGs with those of isolated galaxies in the AMIGA sam-
cluster (Kenney & Young 1986; Boselli et al. 2002) and thple (Verdes-Montenegro et al. 2005). Our goal is to deteemin
Coma Supercluster (Casoli et al. 1991; Boselli et al. 1987) whether deviations in the HI content with respect to isalate
spite of large HI deficiencies that some galaxies preseiiteel. galaxies translate into anomalies in g, and the SFR.
spatially resolved study of Fumagalli et al. (2009) foundwh The outline of this paper is as follows. We present the sample
ever, that a significant number (40%) of HI-deficient spiral in Sec. 2. CO(1-0) and CO(2-1) data coming either from our ob-
galaxies was also depleted in molecular ghshe HI was re- servations or from the literature, together with reproeddRAS
moved from within the optical disk. Scott et al. (in prep.yfel  FIR data, are presented in Sec. 3. In Sec. 4 we compahdiihe
a trend for spirals in Abell 1367 in more evolved evolutionarLgir (as a tracer of the SFR) ardy, of the galaxies, study-
states to be more depleted My, than those in less evolveding their deficiencies and their relation with the HI content
evolutionary states. Thus, there are indications that theter evolutionary phase of the group. A discussion of a possiae e
environment does affect the molecular gas content. lutionary sequence for the molecular gas content in the HCGs

For galaxies in HCGs, observations of the molecular gas ifopresented in Sec. 5. Finally, the conclusions of our woek a
to date are inconclusive. Leon et al. (1998) found fhg/Lg summarized in Sec. 6.
ratio of galaxies in HCGs to be enhanced with respect to a sam-
ple of field and interacting galaxies. On the contrary, Verde
Montenegro et al. (1998) found no evidence for anyenhancze'-The Samples
ment of the molecular gas magsly,) in HCG galaxies rela- 2.1. Galaxies in HCGs
tive to a sample of isolated galaxies. Studying the relatien

tween atomic and molecular gas for a sample of 32 spiral gal§Ur sample was selected from the revision of the original
ies, Verdes-Montenegro et al. (2001) found tentative exide Hickson (1982) catalogue performed by Hickson et al. (1992)
for a depressed molecular gas content in HI deficient gasamie From the groups included in that work, we study 86 galaxies be
HCGs. longing to 20 different HCGs: 7, 10, 15, 16, 23, 25, 30, 31, 37,

The level of star formation (SF) in HCGs has also beet: 44,58, 67,68, 79, 88, 92, 93, 97 and 100. The groups, which
subject to considerable debate with original claims of a fafOVer all evolutionary stages and a wide range of Hl deficemc
infrared (FIR) excess (Hickson et al. 1989) subsequenty-chSalisfy the following criteria:
lenged (Sulentic & de Mello Rabaca 1993). From the enhanced Haying at least four members, so triplets are excluded, ac-
SF observed in galaxy pairs (Xu & Sulentic 1991), an in- cording to the original Hickson (1982) criterion. We alse ex
crease in SF in HCGs might be expected as a consequencec|yde false groups, where a single knotty irregular galas h
of the continuous encounters and tidal interactions whadde t been confused with separated galaxies (Verdes-Montenegro

place within such groups. Nevertheless, the Star Form&aia etal. 2001).
(SFR) in HCGs, obtained from FIR (Verdes-Montenegro et al.. containing at least one spiral galaxy, since we are mainly
1998), mid-infrared (Bitsakis et al. 2010) andrHuminosities interested in studying the relation between the SF process

(Iglesias-Paramo & Vilchez 1999) has been found to belaimi andMy,, which are most clearly linked for spiral galaxies.
to tr_wl_(;]se ththe ct?ntrol sfamples. dv the relati ¢ Being at a distanc® <100 Mpc (assuming f#75 km s*

dL ere '&th eﬁ? afew a':_ttemgtshto |?|t(l:JGyt (Ia re at'd\'/"@d Mpc 1), so that observations of groups have a better sensi-
andLrr with the HI properties of the galaxies. VEraes- ity imit and minimize possible source confusion within
Montenegro et al. (2007), based on CO, FIR and HI single- ¢ elescope beam. At 100 Mpc, the 30m beam would have

dish data, together with VLA maps for 8 groups, found that the , gje of 10.7 kpc and the VLA beam (considering a size of
My, andLgr are lower than expected for HI deficient galax- 50"x50") 24.2 kpc.

ies, when compared to a well-defined sample of isolated gax

(AMIGA project, Analysis of the interstellar Medium of Isdkd The HCGs in our sample cover the full range of HI contents.
GAlaxies, http://amiga.iaa.es; Verdes-Montenegro eR@05). Their deviation from normalcy is measured with respect & th
A possible explanation for this trend is that, as HI is neeided of isolated galaxies, as given by Haynes & Giovanelli (1984)
replenish the molecular clouds and molecular gas is negessahis deviation is usually referred to as deficiency and isnaefi

to fuel SF, a HI deficiency ultimately can lead to a decrease @s the decimal logarithm of the ratio between the sum of the ex
the SFR. However, the result of Verdes-Montenegro et aD720 pected HI masses for all the galaxies in the group, basedain th
was based on a small sample of galaxies that does not coverdpécal luminosity and morphology, and the HI mass of thérent
wide range of properties of HCGs and was therefore not itatiggroup as derived from the single dish observations in Bartha
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et al. (2010) (see Verdes-Montenegro et al. 2001, and also S6é. D,s: optical major diameter in arcmin at the 25 mag arcsec
4.2). As a function of their total HI deficiency, the HCGs irrou  isophot taken from LEDA.
sample can be classified as follows: 7. B]: apparent blue magnitude taken from LEDA, corrected
for Galactic dust extinction, internal extinction and K-
— HCGs with a normal HI content (at least 2/3 of its expected correction.
value): HCG 23, 25, 68 and 79. 8. log(Lg): decimal logarithm of the blue luminosity, derived
— HCGs with a slight HI deficiency (between 2/3 and 1/3 of from B[ as:
the expected value): HCG 7, 10, 15, 16, 31, 37, 40, 58, 88,
92, 97 and 100.
— HCGs with a large HI deficiency (under 1/3 of the expected L
value): HCG 30, 44, 67 and 93. log(L_B) = 2logD— 0.4B{ +11.95, (1)
©
Verdes-Montenegro et al. (2001) proposed an evolutionary
sequence model where the Hl is continuously stripped fram th
galaxies. According to this model, HCGs can be classifiedl3nt ~ Thjs definition provides an estimate of the blue luminosity
phases as follows: in Phase 1 the Hl is mainly found in thesdisk () at 4400A.
of galaxies. In Phase 2, 30% to 60% of the HI has been removed |og(Ly): decimal logarithm of the luminosity in the K-band
from the disks by tidal interaction. Finally, in Phase 3, afin in units of the solar luminosity in th&s-band (ko =
all the HI is found out of the galactic disks, either formimndgd 5.0735x 10% erg s1), calculated from the extra’pi/olated
tails of s_trippe_d gas (Pha_se 3a) or, in_ a fev_v cases, in a_Iarge H magnitude in theKg (é.l? um) band from the 2MASS
cloud with a single velocity gradient in which the galaxiee @ gytended Source Catalogue (Jarrett et al. 2000). We calcu-

embedded (Phase 3b). S
According to the evolutionary phases defined in Verdes- :c?l}ifjft:’d:lzLimzln\??:{\’);*((’v\flrhoerretc?Stc::]a; g?ggfgﬁg}iﬁie
Montenegro et al. (2001), the HCGs in our sample were clas- K-band, 1.38& 10 Hz)

sified by Borthakur et al. (2010) as: 10. logMy)): logarithm of the mass of the atomic hydrogen, in
solar masses, for 66 of the galaxies in our sample observed
with the VLA, using different combinations of the C and

D configurations with beam sizes ranging from’ x84’

to 72'x59" (Verdes-Montenegro et al. 2001, and Verdes-
Montenegro, private communication).

— Phase 1: HCG 7, 23, 67, 79 and 88.
— Phase 2: HCG 10, 16, 25, 31,%4058 and 100.
— Phase 3: HCG 15, 30, 37, 44, 68, 92, 93 and 97.

The evolutionary state is an indicator of the evolution @& th
cold ISM of the group but it does not necessarily give the age
of the group. E.g. HCG79 consists on 3 early-type galaxiés an ]
one intruding spiral galaxy. Stellar halo data indicatest this 2.2 Reference sample: Isolated galaxies
an old group (Durbala et al. 2008). However, since the maih pa
of the Hl is located within the disk of the intruder galaxyist We chose the AMIGA sample of isolated galaxies (Verdes-
classified in evolutionary phase 1. Montenegro et al. 2005), which is based on the CIG catalogue

We revised the velocities of the individual galaxies in théKarachentseva 1973), as a reference for the FIR and molecu-
HCGs of our sample. Two galaxies not considered in Hicksdar gas properties. The FIR properties of an optically catepl
etal. (1992) have been added: HCG100d, which had no velocityosample of this catalogue have been studied in Lisenteld e
data in that work, and HCG31g, added to the catalogue of HC($07). The data that we are using for this subsample aretlslig

by Rubin et al. (1990). different from Lisenfeld et al. (2007) because we have taken
The basic properties of the galaxies in our sample are d&count a recent update of some basic properties whichtsffec
tailed in Table 1. The columns are: the blue magnitude, distance, morphological type and tismla

degree (detailed information are provided in Fernandezhzo
1. Galaxy: galaxy designation, following the notation 02011). We also use the CO data of a velocity restricted subsam
Hickson (1982). ple (1500<V <5000 km s1) of 173 AMIGA galaxies (Lisenfeld
2. V: heliocentric radial velocity in kms-(weighted average of et al. 2011) to compare to our galaxies. For the analysisef th
optical measurements taken from the LEDatabase) con- HI properties we use the work of Haynes & Giovanelli (1984),
verted from the optical to the radio definition for companisopresenting the observations and analysis of CIG galaxg&es, a
with the CO spectra. reference.

i‘ g‘_’ d\i/se'tlf:l)r?gg tcg)lstﬁgrs(l)or?e?sg:r? d?ﬁéaﬁgé'?nmgr%iﬂ;,e d fro There are two intrinsic differences between the AMIGA and
: th.e mean heliocentric velocity of the group és D = W/H r_t'ﬁe HCG sam_ples thatmust be taken into account when perform-
assuming a value of ¢ 75 km 51 Mpc—L. The mean ve- ing a comparison: (i) the HCG sample has a larger rate .ofearly
locity of the group is calculated averaging.the velocityradf t type gala?qes{a45%)__, whereas 87% of the AMIGA_gaIaX|es are
individual galaxies (column 2). sp|ra!s (Flg._l) and (ii) the s_ample of AMIGA galaxies wlt/rH12
5. T: morphological type taken from LEDA, following the Rc3dat@ is restricted to a velocity range of 1500 <5000 km s~
classification (de Vaucouleurs et al. 1991). Whll_e the range of the HCGs extends to larger ve_Iocmes.sThu
the isolated galaxies are, on average, at a lower distaddd|jé
While HCG 40 was classified in Verdes-Montenegro et al. (poofverage distance versus 68 Mpc for the HCG sample) which can

as Phase 3, new VLA observations (Yun et al. in preparatibojved €Xplain their lower average luminosities (see Table 6). eicaw,
that a significant amount of HI was missed due to a narrow sgectthe values of the deficiencies, ratios or correlations, Wetire

window, and based on these data has been reclassified asPhase going to discuss in the following are not expected to be &dfdc
2http://leda.univ-lyon1.fr/intro.html by the difference in distance.
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Table 1.Basic parameters of the galaxies in the HCG sample

Galaxy  V o D T(RC3) D Bl loglke) log(Lx) log(Mu)
(kms™1) (kmsl) (Mpc) (arcmin)  (mag) ko) (Lo) (M)
(1) (2) (3 4) (5 (6) (7 (8) 9 (10)
7a 2141 117 534 1.0 206 1296 1022  11.09 9.12
7b 4175 117 53.4 1.9 1.27 1429  9.69 10.78 <7.83
7c 4347 117 53.4 5.0 171 1336 10.06  10.80 9.56
7d 4083 117 53.4 1.4 094 1404 979 10.11 9.00
10a 5104 269 65.6 3.1 292 1253 1057  11.27

Notes.The full table is available in electronic form at the CDS arahf http://amiga.iaa.es.

0.3

between 150 and 350 K. In the case of CO(2-1), the median sys-
T I tem temperature was 400 K, with a temperature range between
1 230 and 800 K for 85% of the galaxies. For CO(1-0) the 1 MHz
filterbank was used, and for CO(2-1) the 4 MHz filterbank. The
corresponding velocity resolutions were 2.6 knt and 5.3 km
s~1 for CO(1-0) and CO(2-1), respectively. The total bandwidth
was 1 GHz. The Half Power Beam Width (HPBW) is"22nd
11" for 115 and 230 GHz, respectively. All CO spectra and in-
tensities are presented on the main beam temperature sggle (
which is defined a3mp = (Fert/Bett) X T{. The IRAM forward
efficiency,Fetr, was 0.95 and 0.91 at 115 and 230 GHz, and the
beam efficiencyBer, was 0.75 and 0.54, respectively.

The data reduction and analysis was performed using
CLASS, while further analysis was performed using GREG,
both part of the GILDAS package developed by IRAM. First
we visually inspected the spectra and discarded bad sches, T
spikes were removed and a constant or linear baseline was sub
tracted from each spectrum. The scans were then averaged to

-5 0 _ 5 10 achieve a single spectrum for each galaxy and transitioas&h
Merphological type spectra were smoothed to a velocity resolution of 21 to 27 km
Fig. 1. Morphological types, T(RC3), for the AMIGA isolated (blackS 1, depending on the rms. A total of 24 galaxies were detected
line) and HCGs (red filled bars) galaxies. in CO(1-0) (2 of them marginal), 22 in CO(2-1) (4 of them
marginal) and 18 in both transitions. The spectra are shown i
Appendix A, Fig. A.1 displays the spectra detected in COY(1-0
3. The data and Fig. A.2 those detected in CO(2-1).
3.1. CO data For each spectrum, we integrated the intensity along the ve-
locity interval where emission was detected. In the caseof n
We obtained CO data, either by our observations or from thietections we set an upper limit as:
literature, for 86 galaxies in the selected 20 HCGs. CO dega a

missing for only 2 galaxies in these 20 groups, HCG 67d angdy < 3 x rms x v/3V AV, 2)
HCG 92f. The CO(1-0) line was detected for 45 galaxies.

Ratio of galaxies

wheredV is the channel width andV is the total line width.

We used a value oAV = 300 kms~* when there was no de-
tection in CO(1-0) or CO(2-1). In those cases where the sourc
was detected in only one transition, this line width was used
We observed 47 galaxies belonging to 14 different HCGs. Thelculate the upper limit in the other transition.

observations of the CO rotational transition lines J=L and The results of our CO(1-0) and CO(2-1) observations are dis-
J=2—1 (at 115.271 and 230.538 GHz, respectively) were cartayed in Table 2. The columns are:

ried out with the IRAM 30m radio telescope at Pico Vefetar-

ing June, October and December 2006. We performed single- Galaxy: galaxy designation.

pointing observations using the wobbler switch mode, with 8. lco1-0): velocity integrated intensity of the CO(1-0) emis-
switch frequency of 0.5 Hz and a throw of 2000e checked sionin K km sL.

for all the objects that the off-position did not coincidetva 3. rms : root-mean-square noise of the CO(1-0) spectrum (if
neighbor galaxy. available) in mK.

The dual polarization receivers A100 and B100 were used th Ref.: reference of the CO(1-0) data, detailing whethéa da
observe in parallel the CO(1-0) and CO(2-1) lines. The media come from our observations or from the literature (see 3.1.2
system temperature was 231 K for the CO(1-0) observatiorns, Beam: HPBW of the telescope in arc second.
with ~80% of the galaxies observed with system temperaturés AV cq;_g): line width of the CO(1-0) emission (if detected)

inkms1.

3.1.1. IRAM CO(1-0) and CO(2-1) observations and data
reduction

3|RAM is supported by CNRS/INSU (France), the MPG (Germany)
and the IGN (Spain). “http:/www.iram.fr/IRAMFR/GILDAS
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25

7. lco(2—1)- Velocity integrated intensity of the CO(2-1) emis-
sion (if observed) in K kmst.

8. rms: rms of the CO(2-1) spectrum (if observed) in mK. 20 7 ]
9. AV¢p(2-1): line width of the CO(2-1) emission (if detected)
inkms.

10. logMH, obs): logarithm of the H mass (in solar masses) cal-
culated from the observed centtgh (see Sec.3.1.3).

11. logMm,): logarithm of the H mass (in solar masses) extrap-
olated to the emission from the total disk (see Sec. 3.1.3).

Number of galaxies

3.1.2. CO(1-0) data from the literature

We have searched in the literature for available CO(1-Q) ftat

the 20 HCGs of our sample and have compiled data for the ve- I
locity integrated CO(1-0) intensities and line widths ¢dlisted 0 -
in Tab. 2) from the following sources: (M) extrfpomted/mg sbserved

— Verdes-Montenegro et al. (1998): 24 galaxies from 9 difig. 2. Distribution of the aperture correction factor fidy,.
ferent HCGs. 20 of these galaxies were observed with the
NRAO 12 m telescope at Kitt Peak with a beam size df.55 o ) S
The data from the other 4 galaxies are from Boselli et a{alug within the disk \./ve.need to know the d|str|l_)ut|_on and ex-
(1996), observed with the SEST 15m telescope, with’a 48nsion of the CO emission. Different authors (Nishiyamalet
beam. Two of these galaxies (68d and 88c) were also gi01; Regan et al. 2001; Leroy et al. 2008) found that the ve-
served by us, but we chose the Verdes-Montenegro et I8city integrated CO intensity in spiral galaxies follows ex-
(1998) data because of their better quality. ponential distribution as a function of radius with a scalegth

— Leon et al. (1998): 17 galaxies corresponding to 10 diffefe
ent HCGs, observed with the IRAM 30m telescope with a
similar setting as in our observations (see Sec. 3.1.1).  Ico(r) = lo [ exp(r/re) (4)

There are 16 galaxies that were observed both by us and We adopt a scale length of = 0.2xr25, whererzs is the ma-
by Verdes-Montenegro et al. (1998) or Leon et al. (1998pr optical 25 mag arcseé isophotal radius, following Lisenfeld
Furthermore, 14 galaxies were observed by both Verdeéd-al. (2011), who derive this scale length from studies ef th
Montenegro et al. (1998) and Leon et al. (1998). In order foentioned authors and from their own CO data. We have used
choose between the different existing spectra (either foom this distribution to calculate the expected CO emissiomfro
observations or from the literature), we first checked theyt the entire disk, taking into account the galaxy inclinat{see
were consistent and then applied the following criteriaviil- Lisenfeld et al. 2011, for more details). This approach s
able, we chose the spectrum with detected emission. If rhare t that the distribution of the molecular gas in galaxies in HCG
one detected spectrum existed, we chose the one with the loigethe same as in field spiral galaxies. The implications &f th
rms or —in case of comparable rms- the spectrum observeawitPproach will be discussed. _ _
larger beam, in order to probe a larger fraction of the disicept The resulting aperture correction factor fdp, (defined as
for the two galaxies mentioned above, we always selected ¢0€ ratio betweeMy, observed in the central pointing am},
data due to their better quality in case of duplication. lftave extrapolated to the entire disk) is shown in Figure 2. The ra-
have CO(1-0) spectra for 86 galaxies (45 from our own obseni# between the extrapolated and central intensities isvibé
tions and 41 from the literature) for our statistical analys for most galaxies (66 out of 86, or 77%), with an average value
of 1.78. To check the consistency of the extrapolation, weha
also performed the analysis presented in this paper for pleam

3.1.3. Molecular gas mass restricted to galaxies with a small (less than a factor 1p&y-a

We calculate the molecular gas masty, using the following ture correctionif = 45), finding no significant differences with

equation: respect to the full sample. Thus, we conclude that the aggertu
correction does not introduce any bias in the results.

My, = 75x D2|CO(170)Q (3) The values for the molecular gas mass in the central point-

ing and the extrapolated molecular gas mass are listed ile Tab

whereQ is the area covered by the observations in afc§ee. 2. Here, and in the following, we always use the extrapolated
Q = 1.1362 for a single pointing with a gaussian beam wher0lecular gas mass and denote itMg, for simplicity. The
6 is the HPBW). This equation assumes a CO-toedinversion M, distribution is shown in Fig. 3. The average value for spiral
factor X=Nu,/lco = 2 x 10?%m~2 (K km s71)~1 (e.g. Dickman galaxies T > 1) is listed in Table 6. The distribution and av-
et al. 1986). No correction factor for the fraction of heliamd erage values ofy,, as well as the statistical distributions and
other heavy metals is included. The molecular gas masses of@verage values throughout this work, have been calculaied u
AMIGA galaxies are calculated in the same way. the Kaplan-Meier estimator implemented in ASURVo take

In both the observations that we carried out and the data frdit0 account the upper limits in the data.
the literature, a single position at the center of the galexy ob-
served. Because of this and the different beams used by us andastronomical Survival Analysis (ASURV) Rev. 1.1 (Lavalleyal.
in the literature we need to correct for possible emissidsida 1992) is a generalised statistical package that implembatmethods
the beam. To extrapolate the observed CO intensities tathk t presented by Feigelson & Nelson (1985)
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Table 2. Observed and derived molecular gas properties

Galaxy  lco(1-o) rms  Ref. HPBW AV lco-1) rms AV [09(MH,0b9)  109(MR,)
(Kkms) (mK) (arcsec) (kms 1) (Kkms1) (mK) (kms1 (Mo) (Mo)

1) (2) B @ (5) (6) ) 8 ) (10) (11)
7a 7.20 3 43 500 9.51 9.71
7b <0.70 3 55 <8.71 <8.80
7c 1.40 3 55 183 9.01 9.17
7d < 0.60 3 43 <8.43 <8.52
10a 2.72:0.49 2

22 339 8.79 9.51
(MCO reference: 1: Our observations. 2: Leon et al. (1998)eBd&s-Montenegro et al. (1998).
Notes.The full table is available in electronic form at the CDS arahi http://amiga.iaa.es.

0.25 — T T T T T T T T T T . s
I — ] makes use of all scans that passed over a specific position and

produces a scan profile along the average scan directier345i
I ] times more sensitive than the IRAS Point Source Catalog JPSC
0z 7 since it combines all survey data and it is therefore mor@blg
for detection of the total flux from slightly extended obgect

We have compiled from Verdes-Montenegro et al. (1998)
the FIR data (also derived using ADDSCAN/SCANPI) for 63
galaxies in our sample. In the case of the remaining 23 gedaxi
we derived FIR fluxes directly using ADDSCAN/SCANPI. To
choose the best flux estimator we have followed the guidgline
given in the IPAC website which are also detailed in Lisenfeld
etal. (2007). As a consistency check, we also applied tloisgr
dure to 14 galaxies in the list of Verdes-Montenegro et &19€).
We found no significant differences, with an average diffeee
of 15% between our reprocessed fluxes and those in Verdes-
Montenegro et al. (1998).

From the fluxes at 60 and 1Q0m the FIR luminosityLr,
is computed as:

Fraction of Galaxies

log(LFir/Le) = log(FIR) +2log(D) + 19.495 (5)
where FIR is defined as (Helou et al. 1988):
FIR=1.26 x 10~ 4(2.58F50+ F10o) Wm 2. (6)

The computed.gr, together with the 60 and 1Q0m fluxes
compiled from ADDSCAN/SCANPI, are detailed in Table 3.
The distribution ofLgr is shown in Fig. 3. The average value
of Lgr for spiral galaxies is given in Table 6.

For galaxies HCG 31a and HCG 31c the FIR fluxes could
not be separated. Therefore, we use the sum of both. When com-
paringLrr to other magnituded &, My, or My)), we also use
the sum of both galaxies.

In order to check the accuracy of the low resolution IRAS
data, we compared them to @2¢h data from Spitzer for the
12 groups for which Spitzer data is available. We compared

8.5 E 95‘09@ ) 10 10.5 " the SFR derived fronhpr (calculated from eq. 10) to that de-
o rived from the Spitzer 24m luminosity,Loa,m, (from Bitsakis
Fig. 3. My, and Lgir distribution of the HCG galaxies. The red filledet al. 2010, 2011) using the equatiSﬁR(M@yrfl) = 810x
bins §h0yv the distribution.oflthe detected ga]axies, thb@ﬁne giyes 10737(|_24 m(erg§1))0'848 (from Calzetti et al. 2010). For most
the dlstnbutlpn of upper limits and the full line shows thistdbution of the obj%cts the agreement was satisfactory: the valutseof
calculated with ASURV. SFR derived in both ways agreed to better than a factor 2.5 or,
in case of IRAS upper limits, the resulting upper limits fhet
3.2. Far-Infrared Data SFR were above those derived frdu,m. There were only 3
. . galaxies in 2 groups with a larger discrepancy: for HCG 79b
.FIR f'“Xes were obtained from ADD.SCAN/SCANPI: a UtII'and for HCG 37b we obtained a value of the SFR derived from
ity provided by the Infrared Processing and Analysis Cent AS that was a factor of 6 higher than the SFR from thgiv
(IPAC)®. This is a one-dimensional tool that coadds calibrat ta and for HCG 37a the difference was a factor of 10. After
survey data of the Infrared Astronomical Satellite (IRAR). checking the Spitzer images and IRAS data, we found .that in

Fraction of galaxies

Bhttp://scanpi.ipac.caltech.edu:9000/ "http:/firsa.ipac.caltech.edu/IRASdocs/scaimpéerp.html
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the case of HCG 79 the reason for the discrepancy was the
blending of HCG 79a and 79b in the IRAS beam. We thus as- '°
sumed that the value dfgr given for HCG 79b in Verdes- .,
Montenegro et al. (1998) arises from both galaxies and asdig =

to each object a fraction of the IRAS fluxes angr such that —,
SFR(IRAS)=SFR(24m). A similar situation occurred in the =
case of HCG 37, where 3 objects (HCG 37a, HCG 37b and HCG
37c) are blended in the IRAS beam. Here, we assume that the
value ofLgr given for HCG 37b in Verdes-Montenegro et al. 8

(1998) was emitted from all three galaxies and correctduin t

same way as for HCG 79.

4. Results

In this section, we aim to study the relation betwéén, and ¢
the SFR in HCG galaxies and compare them to isolated galax-

mr) Lol

9

ies. Furthermore, we search for relations with the atomie g&
deficiency of the galaxies and the groups and with the evolu-

tionary phase of the groups. We furthermore investigatedtie
between the two CO transitions, CO(1-0) and CO(2-1).

In order to search for differences to isolated galaxies, we

used two methods: (i) We normalizét}y, andLrr to the blue

log(Lg) [L,]
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luminosity, Lg, or the luminosity in the K-band,k, and com- Fig.4.My, vsLg for &) spiral galaxies (F1) andb) elliptical (circles)

pared the ratios to those of isolated galaxies, and (ii) we c&nd SO galaxies (trianglesheir vs Lg for c) spiral galaxies (1)
andd) elliptical (circles) and SO galaxies (triangles). The fyfken line

corresponds to the bisector fit found for HCG galaxies (finpaaters
are given in Table 4), while the blue dashed-dotted lineasponds

culated the deficiency parametershdf,, Lrir andMy, of the
galaxies (see Sect. 4.2). We obtained in general very densis

results forLg andlLg.

.to the hisector fit found for the AMIGA isolated galaxies. Bdits are

We carry out this analysis separately for early-type g@Xidone for the entire range of morphological types. The dableek lines
and spirals because of the following reasons: (i) the mdggRo are offset by the standard deviation of the correlation er isolated
ical distribution is very different for both samples, withrauch  galaxies, which ist0.35 for theMy, and+0.4 for Lgr. Black symbols
larger fraction of early-type galaxies among HCG galax(i)s, denote detections and red symbols upper limits.
the number of early-type galaxies in the AMIGA reference sam

ple is very small so that no statistically significant conigam
sample is available. In particular, no deficiency parameser
be derived. (iii) Early-type galaxies tend to have a sigaifity
lower molecular gas content than late-type galaxies, aait th
FIR emission is not as clearly related to their SFR as it isie-|
type galaxies, as a result of the lack of strong SF. Therefoee
use ofLgr as a SF tracer is more questionable.

4.1. Relation between My,, Lrir, My and Lg

Fig. 4 showsMy, (top) andLgr (bottom) versud g for spirals
galaxies (left) and early-type galaxies (right). For spijalax-
ies good correlations exist between bdh,, respectivelyLgr,

‘OQWH\) [Mo]

andLg. A linear fit to the total sample of HGCs is plotted, to-
gether with the corresponding fit to the AMIGA sample. The

coefficients are listed in Table 4. A slightly shift towardgtrer

values inMy, seems to be present in comparison to the best-fit

line of isolated galaxies. The linear regressions betviegnand
Lg, My, andLg or My, andLqr (Table 4) show no significative
differences between HCGs and isolated galaxies. For égpky-
galaxies no clear correlation is visible and for(bg) = 10, the
values of botiMy, andLgr are below those of spiral galaxies.

We note that, in contrast tMy, andLgr, My shows no its
correlation withLg (Fig. 5) reflecting the fact that HI is very
strongly affected by the interactions and in many galaxfesio
evolved groups largely removed from the galaxies.

found a linear correlation betweé, andLrr. A linear cor-

ol ‘- .
9r . -- .Y.x " -: : ]
ST I
R
8 - Pty iy on .
R
j
9 9.5 10 10.5 11
09(Ls) [L,]

Fig. 5. My, vs Lg for late-type (T>1, squares) and early-type (crosses)

galaxies. Black symbols denote detections and red symipplerdim-

Lrir/Mu, = 1—10Lo/M., typical for normal, quiescent galax-
Previous surveys (see e.g. Young & Scoville 1991) haves (Young & Scoville 1991).
Finally, we have directly compared E and SO galaxies in
relation can also be seen in our sample (Fig. 6). We includeHCGs to galaxies of the same types in the AMIGA sample. In
this figure the lines for constahtir/Mn, values equal to 1, 10 the case of lenticular galaxies we have limited the sample in
and 100 /M. Practically all of our galaxies lie in the range ofHCGs to the same distance range as the AMIGA sample (40 -
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Table 3.FIR, SFR, SFE and sSFR

Galaxy RefV lso lioo  l0g(LeR) SFR log(SFEP)  log(sSFR)
Qy)  Qy) o)  Moyrh  (yrh  (Moyr?h
7a 2 3.32 6.61 10.23 3.75 -9.14 -10.33
7b 2 <0.18 <0.32 < 8.95 <0.20 <-11.30
7c 2 0.61 2.35 9.65 0.99 -9.18 -10.62
7d 2 <0.15 <0.39 < 8.95 <0.20 <-10.63
10a 2 0.50 1.81 9.72 1.16 -9.45 -11.02

(1) Reference code (see 3.2): 1: Our data analysis. 2: VerdegeMegro et al. (1998).
(&The value of the SFE is not displayed for the galaxies witheupimits in bothLgg and M, .
Notes.The full table is available in electronic form at the CDS arahf http://amiga.iaa.es.

Table 4. Correlation analysis dfly, vsLg, Lrir VsLg andMp, vSLER

Magnitude Sample Slope Intercept Slope Intercept
(bisector) (bisector) L indep.) (g indep.)
My, vsLg HCGs Al 1.3#40.15 -4.741.48 0.81%0.14 0.731.35
T>0 1.40t0.16 -4.94:1.61 0.950.20 -0.43:1.97
AMIGA 1.454+0.08 -5.610.77 1.12-0.08 -2.43-0.83
Lrr VSl HCGs Al 1474016 -529%1.54 0.7%0.15 1.43:1.49
T>0 1.3%0.16 -3.3A41.99 0.7#40.16 2.06:1.58
AMIGA 1.35+0.04 -4.06:0.37 1.12-0.04 -1.73-0.38
My, vsLrr~ HCGs Al 0.90t0.09 0.41%0.83 0.75:0.09 1.82:0.86
T>0 121011 -2.631.11 1.04:0.11 -1.06:-1.08
AMIGA 1.164+0.08 -2.14t0.72 0.98-0.06 -0.46:0.61
The slope and intercept are defined asidg() = log(Lg) x slope + intercept, log(rir) = log(Ls) x slope + intercept and lod{(lH,) = log(Lr|r) %
slope + intercept. The fits olhpr vs Lg for the AMIGA sample are slightly different from the valuesliisenfeld et al. (2007) because we have
taken into account a recent update of the basic propertiteafalaxies (e.g. distance and morphological type; segaRdez-Lorenzo 2011, for
more details). The AMIGA fits involvingl, are taken from Lisenfeld et al. (2011).

L for the SOs in HCGs and from the AMIGA sample. Even though
| the number of data points is low, a trend seems to be present
10 L for SOs in isolated galaxies to have a highty, for the same
B . Lg. A similar result is found folLgr (not shown here), where
St P most lenticular isolated galaxies present higher valuar tx-
B L pected for their optical luminosity, while most of the oligein
f' (/. ‘F/ o 1 HCGs show upper limits excluding any excess. If SO galaxies
“ x s I' . in these dense environments originate from stripping abdspi
/o . this might indicate that molecular gas has also been removed
o in the process. Although this interpretation is specutative to
A the low statistics, it provides hints for further reseanctiuture
S works.

Concerning the elliptical galaxies, none of the isolatddxja
ies is detected in CO, while among the four detections in HCGs
il two have a mass similar to the expected for spiral isolatéakga
ies (HCG 15d and HCG 79b) while the other two show signif-
icantly lower masses (HCG 37a and HCG 93a), pointing to an
external origin (Fig. 7, bottom). The FIR luminosity of the E
8 9 10 a in HCGs (not shown here) is similar to that expected for $pira
log(Lrr) [Lo] galaxies. It is also noticeable that while the rangé gfvalues
Fig. 6. My, VS Leg for late-type (T-1, squares) and early-type (E+So,for the SOs in HCGs covers about the same range as for isolated
crosses) galaxies. The green line corresponds to the bidctound gala}X|es, Es |n.HCGs are up to half an order of magnitude more
for HCGs galaxies, while the blue dashed-dotted line cpoeds to lUminous than isolated Es.
the bisector fit found for the AMIGA isolated galaxies fronsknfeld
et al. (2011). The fits are detailed in Table 4. The dottedkblaes . ]
correspond to thepir/My, ratios 1 (left), 10 (middle) and 100 (right) 4.2. Deficiencies

Lo/Mg. Black symbols denote detections and red symbols uppeslimi o .
We have calculated thidy,, Lrir andMp deficiencies follow-

ing the definition of Haynes & Giovanelli (1984) as

70 Mpc) since for the largest distances the rate of uppetdimi
is very high in HCGs and does not provide any further informa-
tion. In Fig. 7 (top) we show the relation betwekly, andLg  Def(X) = log(Xpredicted — 109(Xobserved @)
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L ‘/ Table 5. Deficiencies oMy, , Lgir, andMy derived fromLg

10 SO N S
L VA AV Galaxy Def(MHZ) Def(Lpr) Def(Mp))
s 7a -0.50 -0.49 0.67
S0 7b >-0.36 >0.07 >1.38
A, 7c -0.19 -0.13 0.29
- A 1 7d >-0.06  >0.21 0.28
9 - ! s, - 10a 0.21 0.49

log(My,) [M,]

/ . Notes.The full table is available in electronic form at the CDS aruiri
A %/ % . http://amiga.iaa.es.

| ', VY B about these values can just represent normal deviatiomstfre
Y mean. However, the much smaller error of thean deficiency
| - allows to compare samples of galaxies (here: galaxies in$1CG
- aye and isolated galaxies) with a higher precision.
10 E v The HI deficiency of the galaxies is calculated following the
- Ay ae morphology-dependent fit betwedéy, andLg in Haynes &
1 Giovanelli (1984). We have considered Hg/100 = 0.75. We
L S 7 4 adapted their results which were based on gag our use of
L / /f \4 i B! with the relation found by Verdes-Montenegro et al. (2005)
/ﬁ / /3 - (magy = Bl+0.136). Taking furthermore into account that we
- s 7 /3 3;/ ° 1 expresd g asa function of the sc_>|ar bolomgtric luminosity (mag
L E; //.' , 1 = 4.75), we introduce the following correction:

090y [M,]
T

. (logLe)Haynes = (l0gLg)ours + 0.14 (8)

| AV | to expresd g in the terms we assume (Sec. 2) to calculate the

L., R | expected content of HI. The deficiencieshty,, Lrir andMgy
/A A TR B derived fromLg are listed in Table 5.

9 9.5 10 10.5 11

log(Lg) [Lo] .
4.2.1. My, and Lgr deficiencies
Fig. 7. My, vs Lg for early-type galaxies in HCGs (full symbols) and . . . o
from the AMIGA sample of isolated galaxies (open symbolghwiis- 1he mearMy, andLgr deficiencies for spiral galaxies in HCGs
tances between 20 and 70 Mpc. The lines are the same as irefigds are similar (see Table 6). Galaxies showing an exceb4iinor
b. Black symbols denote detections and red symbols uppéslifop: Lgr have values spanning over the full rangelLgf as can be
SO0 galaxies (trianglesBottom: elliptical galaxies (circles). seen in Fig. 4. Thus, the excessN‘mz or Lgr is not associ-
ated with the brightest objecper se. We have checked in detail
the properties of the 9 galaxies showing the largéss excess
where we calculated the predicted value of the variable ¥nfro(HCG 10c, HCG 16a, HCG 16¢, HCG 16d, HCG 23b, HCG 23d,
Lg. Following this definition, a negative deficiency implies aMCG 40c, HCG 58a, HCG 88c), and we find that half of them
excess with respect to the predicted value. present strong signs of distortion (tidal tails in the oaltnd/or
The expected/y, for each galaxy is calculated from itg  HI, kinematical perturbations, etc).
using the fit to the AMIGA sample in Lisenfeld et al. (2011).
Note that the fit, which is given in Table 4, was calculatedhwit

[FL N T T T I
out distinguishing morphological types. Due to the domiesof F ol <2, AMIGA o
spiral galaxies in the AMIGA sample, the fitis only adequate f - . " T « D;ﬁu i
spiral galaxies. Because of the low number of early-typesgal —~ &~ S " o

ies in the AMIGA sample it is not possible to derive a meaning- = - j“'

ful deficiency parameter for them. In addition, we calcudatee B or R Sl 1 - ]
deficiency derived from the relation betwekl, andLy of the [ 2'5 ) 2 ©
AMIGA sample (Lisenfeld et al. 2011), lof,) = -2.27+1.05 P ¢

log(Lk)). In a similar way, the expectddr is calculated from ' T ]
the fit between_gr andLg obtained for the AMIGA isolated A R - Y R
galaxies (Table 4) for the sample presented in Lisenfeld.et a ! Def?tw) -1 ! Defaw) -

(2007).
The correlations betweevly, (respectivelyjLrir) andLg, or  Fig. 8. My, deficiency vsLgr deficiency for late-type (¥1) galaxies

Lk, have a considerable scatter with standard deviations3f 0in HCGs (left) and from the AMIGA sample (right). Red symbuip-

dex forMy, and 0.4 dex folLrr. These standard deviations resent upper !ImItS in eithévly, or Lrir, and black symbols detectl_ons.

are much higher than the observational measurement errors. he y=x line is plotted as reference and does not representaathie

In this case, the error of the mean values are completely dom- data.

inated by the statistical errors and therefore we neglect tk

observational errors in our calculations. The high standad Fig. 8 (left) shows Def(ly,) (from Lg) vs Def(Lgir) for each

deviation means that individual galaxies with deficiencies up tgalaxy. Both are strongly correlated, which can be undetsts
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Table 6. Mean values for spiral galaxie$ (> 1) in HCGs and from the AMIGA sampl&he mean values and their errors are calculated with
ASURYV, taking upper limits into account. We neglect observéional errors since the data is dominated by statistical erors. The quoted
errors represent the error of the mean values, not the standal deviation.

HCGs AMIGA @
Mean nuL/n Mean nyL/n
log(Lg) (Lo) 0.95£0.06  0/46 | 9.75£0.04  0/150
log(Mh,) (M) 9.02:0.09  11/46 | 8.38:0.09  64/150
log(Lrr) (Lo) 9.53:0.09 15/45| 9.16+0.05 58/150
Def(My,) (from Lg ) -0.14:0.09 11/46 | 0.06t0.04 64/150
Def(My,) (from L ) -0.15+0.06  10/45 | -0.014+0.05 58/149
Def(Lrr) -0.1140.08  15/45 | -0.09:0.04 58/150
Def(HI) 0.93:0.13  9/37 - -
log(Mp,/Lg), all Lg -0.96£0.08 11/46 | -1.25£0.04 64/150
Iog(MH;/LB), lowLg? | -1.04+0.10 10/22 | -1.36+0.05 56/103
(M\’:)/L\’:))
log(Mp,/Lg), highLg® | -0.88£0.09  1/24 | -1.06+0.05  8/47
(Mo/Le)
log(Mu,/Lk) -1.58+0.05  10/45 | -1.76+0.05 50/135
(Ma/Lk o)
log(Ler/LB) -0.45+0.07  15/45 | -0.52£0.03 58/149

(UThe mean values of the AMIGA galaxies are calculated for thiesample of galaxies wittMy, data. For each subsample,is the
number of galaxies anal;|_ is the number of upper limitd g g andLg of the AMIGA galaxies are from the new data release (see S2f.\ghile
My, andLk are from Lisenfeld et al. (2011).

@ for Lg< 1010,

®) for Lg> 1019,

due to the causal relation between the molecular gas and SE&gter of the molecular gas in HCG galaxies compared to iso-
leading to a lower SFR if the molecular gas as the fuel for SF dated galaxies, so that the extrapolation of the flux based on
creases. For comparison, Fig. 8 (right) displays Dief() of the similar extent (see Sec. 3.1.3) would lead to an overestimit
isolated galaxies versus their Def(r). The behavior of the iso- My,, or ¢) a systematic difference in the CO-te-Ebnversion
lated galaxies does not show a significant difference coetparfactor between the AMIGA and HCG sample. Although we can-
to galaxies in HCGs with a very similar range covered by bottot exclude this possibility, we do not consider it very like
samples. However, for the isolated galaxies, Def() extendsto The CO-to-B conversion factor is known to depend on a num-
slightly lower values for a given DdiRr). This is also reflected ber of galactic properties as the metallicity, gas tempertgas

in the mean values of Dé¥{4,) and Def(rr) of AMIGA and density and velocity dispersion (e.g. Maloney & Black 1988;
HCG galaxies (Table 6): while the values of Degfg) for spi- Narayanan et al. 2011). These properties are likely sinmilar
ral galaxies are almost the same for both samples,Niig(in  both samples because of the similar rangdssi@ndLgr (trac-
spirals is larger by 0.15-0.20 for HCG than for AMIGA galaxieing SFR) that they cover. The first two effects (a and b) could
(corresponding to a 40-60% larghfty, than expected for iso- both be at work at the same time. In fact, as indicated in e.g.
lated galaxies). Leon et al. (2008), galaxies in the AMIGA sample are domi-

The histograms shown in Fig. 9 underline these findinggated by disk SF while surveys of compact groups (Menon 1995)
whereas the distribution of Dé¥l,) for spiral galaxies in HCGs show that most radio detections involve compact nucleasemi
is shifted to negative deficiencies (i.e. an excess) condptare sion. This can be explained since nuclear emission is thtdogh
AMIGA galaxies, the distribution of Defr) is very similar for be enhanced by interactions that produce a loss of angular mo
spiral galaxies in HCGs and in the AMIGA sample. Two sanfnentum of the molecular gas, that subsequently falls tosvard
ple tests (Gehan’s Generalized Wilcoxon Test and Lograst Tethe center of the galaxy. These dissipative effects aréylikear
confirm that the distributions of Dé¥(y,) are different with a minimum in isolated galaxies. This result was also propdsed
probability of > 96% , whereas the distributions Def{r) are Verdes-Montenegro et al. (1998), where the enhariggdioo
identical with a non-negligible probability. ratio in HCGs was suggested to be caused by local starbursts,

As an additional test, we have compared the ratipg/Lg ~ Présumably in the nuclear region. This result is still cotripe
andM,/Li of HCG galaxies to those of isolated galaxies (valvith the conclusion of a normal level of FIR emission among
ues are listed in Table 6). In the caseMfi,/Lg we have de- HCG galaxies that we find here, if the activity responsibtesfo
rived the ratios both for the entire luminosity range andiésy - hanced 24m emission and enhanced/more concentrated molec-
(Lg< 10 L) and high [g> 10'° L) luminosity galaxies in ular gas is localized compared to the overall distributibgas
order not to be affected by the nonlinearity of thig,-Lg re- and dustin the galaxies.
lation. In all cases we found a lower ratio (by 0.2-0.3 dex)
for the isolated galaxies, confirming our findings from thé-de
ciency parameter.

The largerMy, for a givenLg found for spiral galaxies in InFig. 10 we display Def{ly ) vs DefMp,) (left) and Def(gr)
HGCs could be explained in three ways: a) a real excess of thight). The mean value of Dé¥{y;) of the galaxies with avail-
total molecular gas mass (and will be further discussed els sable HI data is ®3+0.13 (12% of the expected value) for spiral
in the following section), b) a higher concentration towsatde galaxies and B1+0.11 (5% of the expected value) for all mor-

4.2.2. Comparison to the My, deficiency
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Fig. 10. My vs My, deficiencies (left) andVy; vs Lpr deficien-
cies (right) for spiral galaxies (¥ 1). The red lines show D)
= 0, Def(Mu,) = 0 and Deflrr) = O, and the dashed lines give
Def(Mp,)=0.75, separating low and highly Hi-deficient galaxiesim o

-2 - (o : T T analysis. Red symbols denote upper limitd4q, or Lrr.
Def(My,

ences are small and fall below significance when changing the
separation to def(y ) = 0.50. Thus, the statistics in our sample
is not sufficient to firmly conclude whether this trend is real

4.3. Comparison to the HI content and evolutionary stage
of the group

To study the influence of the global HI content of the group on
My, and SFR of the individual galaxies we have classified the
groups as a function of their Défily|) as listed in Sec. 2. The
average Def{ly,) and Def(rr) of the galaxies belonging to
these groups are detailed in Table 7. We find no clear relation
between the Defdn,) of the galaxies, nor the Ddfgr), with
the global Defily) of the groups.

In a similar way, we calculated the average D&f() and
0 Def(Lrr) of the galaxies belonging to HCGs in different evolu-
Def(Lrg) tionary states, as defined by Borthakur et al. (2010) (seeXec
which are also detailed in Table 7. The Déf(,) of the galax-
ies increases slightly as the group evolves along the ewakut
ary sequence. This trend is also visible in the rafitpg/Lg and
Mu,/Lk. In the case of Def(rr), there is no clear relation for
spiral galaxies with the evolutionary state, we only findentt
when considering the total sample, most likely due to a cimang
phological types, which is one order of magnitude largenthdraction of ellipticals.
Def(My,) and Def(rr). We stress here that the samples used in - A very pronounced variation with evolutionary phase is
the present paper and in Verdes-Montenegro et al. (200 hjodre shown by the morphological types (Fig. 11). The ratio ofpelli
the same. This earlier study concentrated on the set of daila a tical and SO galaxies increase strongly in groups in phase 3.
able at that time, which was biased towards HI bright groupisas been proposed (e.g. Verdes-Montenegro et al. 2001;j Bekk
Later, more groups with higher HI deficiencies have been oR-Couch 2011) that SO galaxies in HCGs might be stripped spi-
served with the VLA (Verdes-Montenegro et al. 2007), and arg|s.
part of the present sample. Therefore, the mean HI deficiency
of the galaxies in Verdes-Montenegro et al. (2001) (25% ef th , . .
expected value for spiral galaxies) is less than the meareH| ¢-4- Star Formation Rate, Star Formation Efficiency and
ficiency of the present sample. We have checked that the HI de- SPecific Star Formation Rate
ficiencies calculated in this paper are consistent with #1865 \ye calculate the SFR fromgr following the prescription of
for the groups in common with Verdes-Montenegro et al. (300Xkennicutt (1998):

Most noticeable in Fig. 10 is that even very HI-deficient
galaxies have a rather norny, or Lrir. There is no clear cor- SFR(Mg, /yr) = 4.5 x 10~4L g (ergs 1) (9)
relation between DelMy ) and Def(My,) or Def(Lrr). There
might be a weak trend in the sense that a laMgr deficiency wherelL g refers to the IR luminosity integrated over the en-
leads to largeMy, andLgr deficiencies. This trend is also seertire mid- and far-IR spectrum (10-10Q0m). This expression
when calculating the mean deficiencies and ratios sepgfatel is based on a Salpeter IMF. We convert it to the Kroupa (2001)
low and highlyMy, deficient galaxies, here chosen as galaxiésiF by dividing by a factor 1.59 (Leroy et al. 2008). In our &na
with def(My) < 0.75 and def{ly;) > 0.75 in order to obtain two ysis we usé_gr (eg. 6), which estimates the FIR emission in the
groups of roughly the same size (Table 7). However, the diffavavelength range of 42.5-122.8n. We estimaté. g from Lgr

Ratio of galaxies

Fig. 9. Def(Mp,) (top) and Def(rr) (bottom) distribution of spiral
galaxies in AMIGA (black line) and in HCGs (red filled barsglcu-
lated with ASURV in order to take the upper limits into accoun
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Table 7. Mean values of deficiencies and ratiosMyfi, andLgr for different samples. Only spiral galaxiesXT) are consideredviean values
are calculated as explained in Table 6.

Def(MHz) |Og(MH2/LB) Ny |_/n |Og(MH2/LK) Ny |_/n

(Ma/Le) (Ma/Lk )
Total -0.14+0.09 -0.96:t0.08 11/46  -1.5&0.05 10/45
HI content Def(HI)<0.75 | -0.34:t0.10 -0.82-0.10 5/21 -1.48-:0.07 4/20
of galaxies Def(HI)>0.75 | -0.07£0.16  -1.15-0.13 3/16 -1.7#0.08 3/16
HI content Normal -0.38£0.20 -0.76:0.15 1/6 -1.520.11 0/5

of the group  Slightly deficient| -0.08+0.11  -0.99-0.10 8/32 -1.590.07 8/32
Very deficient | -0.21+0.08  -0.95:-0.10 2/8 -1.668-0.12 2/8

Evolutionary Phase 1 -0.35+£0.14 -0.76:0.11 2/11 -1.46:0.09 1/10
Phase Phase 2 -0.16+0.13  -0.92-0.12 5/21 -1.55:0.07 5/21
Phase 3 -0.04+0.09 -1.040.08 4/14 -1.7320.11 4/14
Def(Lrr)  log(Lrr/LB) nuL/n  log(Lrr/Lk) nuL/n

(Lo/lk.o)

Total -0.11+0.08  -0.45-0.07 15/45 -1.140.09 14/44
HI content Def(HI)<0.75 | -0.32t£0.11 -0.280.11 6/20 -0.840.10 5/19
of galaxies Def(HI1)>0.75 0.03+0.11 -0.6@:0.11 6/16 -1.380.13 6/16

HI content Normal -0.19+0.19 -0.36:0.11 3/6 -1.040.17 2/5

of the group  Slightly deficient| -0.08+0.09  -0.45-0.09 10/31  -1.150.11 10/31
Very deficient | -0.23+0.08  -0.370.07 2/8 -1.03:0.14 2/8

Evolutionary Phase 1 -0.17+0.15 -0.36:0.13 4/11 -1.030.13 3/10
Phase Phase 2 -0.12£0.13  -0.430.13 7/20 -1.130.14 7/20
Phase 3 -0.12£0.05 -0.45:0.04 4/14 -1.130.09 4/14

For each subsampla,is the number of galaxies amg_ is the number of upper limits.

using the result of Bell (2003) that on averdgg ~ 2 x Lrr. Table 8. Mean log(SFE) for different samples and measurements (only
Taking this into account, we can calculate the SFR ftgin as: spiral galaxies, B1). Mean values are calculated as explained in

Table 6.
1 T
RN ) < 4872 k10 entons?) G0 oae— TOOTE
= 22x10 P Leg(Ly) CIGs -8.94r0.03/-9.07+0.04?
HERACLES -9.28°)
The values of the SFR of the galaxies in our sample are listéd Values obtained with galaxies detected in both CO and FIR and
in Table 3. galaxies detected in FIR but not detected in ¢®.Values obtained

We define the SFE as the ratio between the SFR and thiéh galaxies detected in both CO and FIR and galaxies dedentCO
molecular gas mass, SFE = SMgY,. The SFE of the individual but not detected in FIR®) from Bigiel et al. (2011). The & standard
galaxies in our sample are listed in Table 3. Fig. 6 shows @ godeviation is 0.24dex.
roughly linear correlation betwedrr andMy, and indicates
that the SFE in our sample is expected to show a rather narrow N ) ] .
range. To calculate the average SFE of our sample we must takeThe specific SFR, sSFR, is defined as the ratio between the
into account that ASURV can only handle data showing uppeFR and the stellar mass of a galaxy. We calculated therstella
or lower limits, but not both. Thus, we have first calculated t mass from the K band luminosity since the light in this band is
average SFE considering only galaxies detected in CO with @@minated by the emission of low-mass stars, which are respo
upper limitin FIR, together with the ones detected in bothdsa  Sible for the bulk of stellar mass in galaxies. Frbr_@we_denvgd
Separately, we considered only those detected in FIR buterot the stellar massyl., by adopting a mass-to-luminosity ratio of
tected in CO and the ones detected in both bands. The avertfyd Lk,o = 1.32 (Cole et al. 2001) for the Salpeter Initial Mass
values are listed in Table 8. Function (IMF), and applying a correction factor of 0.5 (fro

We have calculated the average SFE for the AMIGA sampiell et al. 2003) to change to the Kroupa (2001) IMF used in
of isolated galaxies, taking, from Lisenfeld et al. (2011) and this paper. The values for the individual galaxies are diste
Leir from Lisenfeld et al. (2007), for comparison with the SFEable 3. The average sSFR for spiral galaxies in our sample is
in HCG galaxies. The values are listed in Table 8. We furthdg(SSFR) =-10.61 0.07 yr %,
more list the SFE derived from a spatially resolved analfis
30 nearby galaxies from the HERACLES survey (Bigiel et a), 4 1 srg and sSFR as a function of the deficiencies of
2011). All values are adjusted to our CO-te-Ebnversion fac- the galaxies
tor, Kroupa IMF, and no consideration of helium in the molecu
lar gas mass. Tab. 8 shows a slightly lower SFE in HCGs thanlimFig. 12 we display the SFE and the sSFR of the spiral gadaxie
AMIGA galaxies, in line with the previous results of an exgesin our sample as a function of their D¥() and Def(My,).
in My, butanormal value digr. In comparison to the galaxiesThere is no clear trend of the SFE with the gas deficiency of
from the HERACLES survey there is no noticeable differencthe galaxies, neither atomic nor molecular. This is confiimg
Thus, overall there are no strong indications that the @®oé the mean values listed in Table 9. This result indicates &fat
SF occurs in a different manner in the different environntént proceeds with the same efficiency, independently of whather
HCGs. occurs in a galaxy with a low or highly, deficiency.
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! ! ! Table 9. Mean log(sSFR) and log(SFE) as a function of D&j() and
Def(My,) for spiral galaxiesT > 1). Mean values are calculated as
explained in Table 6.

log(sSFR)(yr 1)
Mean U/n
Def(My) <0.75 | -10.310.10 (5/19)
Def(My) >0.75 | -10.85+0.13 (6/16)
Def(My,) <-0.25 | -10.33:0.07 (6/22)
Def(My,) >-0.25 | -10.810.12  (8/22)
log(SFE)(yr 1)
Mean L/n
Def(My;) <0.75 | -9.08+0.07 (5/19)
Def(My) >0.75 | -9.16+0.12 (6/16)
Def(My,) < -0.25 | -9.05£0.07 (6/22)
Def(My,) > -0.25 | -9.04£0.13  (8/22)
For each subsampla,is the number of galaxies amg_ is the number
0.2 = — of upper limits.

Ratio of galaxies Phase 1

=9 [T

log(sSFR) [yrgw]
|
T

Ratio of galaxies Phase 2
|
T
H
|
I
“
“a
|

5

log(SFE) [yrgw]

7"0.5:\\‘\\\\‘\\\\‘\\::\\\\‘\\\\‘\\\\‘\\\\

0
Def(My) Def(My)

Fig. 12. Specific SFR (sSFR) (top) and star formation efficiency (SFE)
(bottom), vsMy, and My, deficiencies of spiral galaxie§ (> 1) in
HCGs. Red symbols denote upper limitsMig, of Lrr.

Ratio of galaxies Phase 3

-5 0 S 10
Morphological type

ties islcor2—1)/lco—0) = 1.13+0.11 for the full sample and

1.13+0.12 for spiral galaxies only. To calculate this mean ratio

Fig. 11. Morphological type distribution for different evolutiona With ASURV, we have taken into account galaxies with detec-

phases. From top to bottom, the morphological type disidbuof tions in both CO transitions as well as those detected only in

galaxies in HCGs in evolutionary phases 1, 2 and 3 are plofted CO(1-0). These values are slightly higher than those fouynd b

filled red bins correspond to the distribution for the groirpsach evo- | eroy et al. (2009) from CO(2-1) and CO(1-0) maps for nearby

lutionary state, while the black line bins correspond, famparison, to galaxies from the SINGS sample-fo._; /|c0(1—0) ~0.8) and

galaxies of all phases. than those from Braine et al. (19933 who obtained a mean line
ratio of Icoo—1)/lco1-0) = 0.89+ 0.06 for a sample of nearby
spiral galaxies. Both values are, in contrast to ours, ctecefor

On the other hand, galaxies with a lower déf() or beam-size effects.

def(My) tend to have a higher sSFR (see Fig.12, as well as In order to interpret the ratio dto2-1)/lco1-g) One has

Table 9 for the quantitative trends). In particular, thexttevith  to consider two main parameters: the source distributicsh an

def(Mu)) is interesting as it suggests that, although the Mgff the opacity. For optically thick, thermalized emission hwi

of a galaxy has no influence on the absolute SFR or SFE, it haint-like distribution we expect a ratitcoz-1)/lco1-0) =

a noticeable effect on the SFR per stellar mass. (Bcor_0)/Bcorz-1))> = 4 (With Ico in Tmp and 6 being the
FWHM of the beams). On the other hand, for a uniform source
4.5. Line Ratio brightness distribution we expect ratios larger than 1 foti-o

cally thin gas, and ratios between about 0.6 and 1 for opyical
Fig. 13 shows the CO(1-0) versus the CO(2-1) intensity fer tlthick gas (with excitation temperatures above 5 K).
galaxies we observed (Sec. 3.1.1). The plotted intensities Due to the different beam sizes of CO(1-0) and CO(2-
not aperture corrected. The mean ratio between both interfsj in our observations we cannot distinguish these two cases
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However, we can conclude that our values are consistent with enhanced as a result of the continuous interactions batwe
optically thick, thermalized gas with an extended distiifin. ~ galaxies, leading to the enhancemeniig, that we observe in
Our mean value is slightly higher than the (beam-correstad) evolutionary phase 1. This enhancementigf, can not explain
ues of Leroy et al. (2009) and Braine et al. (1993) which migthe high HI deficiencies observed in most galaxies, in ageggm
indicate that the molecular gas is not completely uniformarovwith the conclusions of Rasmussen et al. (2008), but it could
the CO(1-0) beam, but slightly concentrated towards théecen partly explain the lack of HI, especially in the galaxieshwiihe
lowest HI deficiencies.

o o o Based on our results, we thus suggest the following sce-
] nario which is speculative but compatible with our obseore.
. ] Galaxies in a HCG start with a normal conteniMiy, andMy,
i.e. they have DeNly ) = 0 and Defly,) = 0. Then, during
the early evolutionary phase tidal interactions enhaneetn-
version from atomic to molecular gas at the same time as they
strip the HI from the galaxies, which leads to Déf{) > 0 and
Def(Mn,) < 0. Finally, the multiple interactions within the group
strip the main part of the HI in the disks, resulting in D\{()
>> 0 and, as a consequence also increase inNRgl This
. 1 last effect could have contributed to an increase of theifrac

] of lenticular galaxies along the evolutionary sequencetdu#i

and H stripping of spirals.

(@)
T T T
«x

‘Og(‘co(241)> [K km/s]

6. Summary and Conclusions

loalleo(i-) [K km/s] We analyzed data fdvl,,, obtained from observations with the
Fig. 13.l0g(Icor2_1)) versus logico_ o)) for the galaxies observed by IRAM 30m telescope and from the literatulgsr from IRAS
us. Spiral galaxies (¥1) are shown as filled squares and early-typ@NdMu for 86 galaxies in 20 HCGs in order to study the re-
(T<0) as crosses. Red symbols indicate upper limits in elgp_1) lation between atomic gas, molecular gas and SFR, traced by
or lco1-0), and black symbols are detections. The y=x line is plotteFir, in these galaxies. We compared these properties to those of
as reference and does not represent a fit to the data. isolated galaxies from the AMIGA project (Verdes-Montereg
et al. 2005). We adopted the same CO-tpddnversion factor
for both samples. The main conclusions of our study can be sum
marized as follows:

5. A possible evolutionary sequence of the

molecular gas content and SFR in HCGs — The relation betweeN,, Lrr andLg in galaxies in HCGs

In contrast to the HI content which can be highly deficieng, th
mean deficiencies for bot¥ly, andLqr are low, close to the val-
ues found for isolated galaxies. In the casd/ipf, we even find
indications for an 40-60% excess compared to isolated geax
The difference in deficiency between the atomic and molecula
gas is most likely due to the larger extent of the HI gas, which
can thus be removed more efficiently from the galaxies, while
the molecular gas, which is typically more concentratechin t
inner regions, is presumably less affected by the envirahme
Subsequently, the lower HI mass might cause a ldvigswhich
leads to a lower SFR. It is, however, remarkable that gasaxie
with a high HI deficiency can still contain a considerable anto

of molecular gas and continue to form stars with a normal SFE=
This SF is not expected to last very long because once thecmole
ular gas is used up, no Hl is available to provide fuel for fatu
SF.

Within this general picture of relative normality bfy, and
Lrr, we have found a relation between Migff) and the sSFR,
and a tentative trend with def;,) and def(rr). Furthermore,
there is a trend of Dely,) with the evolutionary phase (Tab. 7),

is not significantly different from the one found in isolated
galaxies. The values &f- g for spirals galaxies in HCGs are
similar to those of the AMIGA galaxies for the sarhg.

For My, we find, however, a slight, but statistically signif-
icant, excess~ 50%) of HCGs spiral galaxies relative to
AMIGA galaxies. This could alternatively be explained by
a higher radial concentration of the molecular gas in HCG
galaxies to the center when compared with isolated galaxies
so that the extrapolation of the flux based on a similar extent
(see Sec. 3.1.3) would lead to an overestimatdgf for the
group galaxies. Another possible explanation for thisediff
ence could be a systematically lower CO-tg-tbnversion
factor for spirals in HCGs.

For elliptical and SO galaxies the large number of upper lim-
its do not allow strong conclusions about thiglig, or Lrr.

We note however that, while for SOs thg range is compa-
rable to isolated SO galaxies, Es in HCGs are up to half an
order magnitude more luminouslig than isolated Es.
Practically all of our galaxies lie in the rangelafir/Mp,=1-

10 Lo/Mg, typical for normal, quiescent galaxies. The de-
ficiencies inMy, andLgr are tightly correlated and span

in the sense that galaxies in HCGs belonging to phase 1 haveabout the same range as in isolated galaxies.

the highest excess My,. These trends might suggest that two—
mechanisms are at play. First, an increadihg deficiency can

be interpreted within a scenario in which galaxies in HCGslo
part of their HI as a result of mostly tidal stripping duritngtini-

tial evolutionary phase, as suggested in the evolutionargleah

of Verdes-Montenegro et al. (2001). On the other hand, in an
early evolutionary phase the HI-tooHonversion rate might

The My, deficiency, calculated from the VLA data for in-
dividual galaxies, is much larger than the other deficiencie
with a mean value of 0.980.13 (12% of the expected value)
for spiral galaxies, and 1.310.11 (5% the expected value)
for all morphological types, and represents the large&tdif
ence with respect to isolated galaxies. Those values are sig
nificantly larger than those obtained in Verdes-Montenegro



Martinez-Badenes et al.: Molecular gas content and SFRakgdn Compact Groups 15

et al. (2001) since the sample in that study was biased #&rnandez-Lorenzo, M. 2011, A&A, submitted
wards HI br|ght ga|axies while here we present a redshfemagalli, M., Krumholz, M. R., Prochaska, J. X., Gavazzi, & Boselli, A.

2009, ApJ, 697, 1811
selected sample. Haynes, M. P. & Giovanelli, R. 1984, AJ, 89, 758

— The SF_E of the spiral.galaxie_s in the HCGs is slightly |0quie|ou, G., Khan, I. R., Malek, L., & Boehmer, L. 1988, ApJS, 681
than in isolated galaxies, but in the range of values found fickson, P. 1982, ApJ, 255, 382
nearby spiral galaxies (Bigiel et al. 2011). We have found rttickson, P., Mendes de Oliveira, C., Huchra, J. P., & Palun@ds. 1992, ApJ,

relation of the SFE with neither Défl;) nor Def(Myy,). _igg, 3|5:3 " K. Palumbo. G. 6. C.. & Persic. M a1 675
— There is a trend of the sSFR to increase with decreasi@ﬁ son, ., Menon, T. K., Palumbo, G. G. C., & Persic, M. 1980, 341,
. sias-Paramo, J. & Vilchez, J. M. 1999, ApJ, 518, 94
Def(Mu) and Def(y,). This suggests that, although thejarrett, T. H., Chester, T., Cutri, R., et al. 2000, AJ, 148
Def(My,) of a galaxy has only a weak influence on the ab<arachentseva, V. E. 1973, Soobshcheniya Spetsial'nojrofigitheskoj
solute SFR, it has a stronger influence on the SFR per stellaPbservatorii, 8, 3
mass Kenney, J. D. & Young, J. S. 1986, ApJ, 301, L13
Th T trend of d . lecul defici & nnicutt, Jr., R. C. 1998, ARA&A, 36, 189
— There is a trend of decreasing molecular gas deficiency Wi}, pa, p. 2001, MNRAS, 322, 231
evolutionary phase, with galaxies in groups in an early phagavaliey, M. P., Isobe, T., & Feigelson, E. D. 1992, in Builieof the American
showing an excess iMHz' This excess goes to O in later Astronomical Society, Vol. 24, Bulletin of the American Amtomical
phases. A similar trend might exist with difig), but is sta- =~ Society, 839-840

.. . PP . . . Leon, S., Combes, F., & Menon, T. K. 1998, A&A, 330, 37
tistically only marginally significant in our sample. This i Leon, S.. Verdes-Montenegro, L., Sabater, J., et al. 2088, 485, 475

interp_reted as an initial enhancement Qf the_ conversicm_frqeroy, A. K., Walter, F., Bigiel, ., et al. 2009, AJ, 137, 467
atomic to molecular gas due to on-going tidal interactionsgroy, A. K., Walter, F., Brinks, E., et al. 2008, AJ, 136, 278
later followed by stripping of most of their HI. In these late Lisenfeld, U., Espada, D., Verdes-Montenegro, L., et al12@&A, 534, A102+

; ; ; ; Lisenfeld, U., Verdes-Montenegro, L., Sulentic, J., eRa07, A&A, 462, 507
phases, evolution of spiral to lenticular galaxies, woudthb Maloney, P. & Black, J. H. 1988, ApJ. 325, 389

explain the overabundance of those morphological typesgg,on 1. k. 1995 MNRAS, 274, 845
well as theMy, deficiency and decrease My, content of Narayanan, D., Krumholz, M., Ostriker, E. C., & Hernquist,2011, MNRAS,
the galaxies. 418, 664 _

— No trend with the global HI deficiency of the groups is foundyishiyama, K., Nakai, N., & Kuno, N. 2001, PASJ, 53, 757

: mussen, J., Ponman, T. J., Verdes-Montenegro, L., Yu8, N Borthakur,
which suggest that the molecular gas content and SF 2008, MNRAS, 388, 1245

more driven by one-to-one interaction than directly by thgegan, M. W., Thomley, M. D., Helfer, T. T, et al. 2001, AB61, 218
local environment. Rubin, V. C., Hunter, D. A, & Ford, Jr., W. K. 1990, ApJ, 36% 8
Sulentic, J. W. & de Mello Rabaca, D. F. 1993, ApJ, 410, 520
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Fig. A.1. CO(1-0) spectra for the detected HCG galaxies. The deteatiodow is shown with a red horizontal line. Main beam terapare Tmp,
in K) is displayed in the Y axis, and the velocity with respect SR in km s1 is displayed in X axis. Velocity resolution is smoothed tod2 27
km s~1. The optical velocity of the galaxy, converted to the radidinition, is marked with an arrow.
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Fig. A.2. CO(2-1) spectra for the detected HCG galaxies. The deteatiodow is shown with a red horizontal line. Main beam terapare Tmp,
in K) is displayed in the Y axis, and the velocity with respect SR in km s1 is displayed in X axis. Velocity resolution is smoothed tod2 27
km s~1. The optical velocity of the galaxy, converted to the radidinition, is marked with an arrow.



