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ABSTRACT

Aims. We study the #ect of the extreme environment in Hickson Compact groups@g)@n the molecular gas mas4,,,, and the
star formation rate (SFR) of galaxies as a function of atdmyidrogen (HI) content and evolutionary phase of the group.
Methods. We have selected a redshift limited¢@00 Mpc) sample of 88 galaxies in 20 HCGs with available atonydrogen (HI)
VLA maps, covering a wide range of HI deficiencies and evohary phases of the groups, and containing at least oné gpleey.
We derived the far-infrared (FIR) luminosity.4r) from IRAS data and used it as a tracer of the star formatioe (@8FR). We
calculated the HI mas#), Lrir andMy,, deficiencies.

Results. The mean deficiencies &fr andMy, of spiral galaxies in HCGs are close to 0, indicating thatrtheerage SFR and
molecular gas content are similar to those of isolated g there are indicati of an in (~ 50%) in spiral
galaxies in HCGs which can be interpreted, assuming thae tiseno systematic fierence in the CO-to-Hconversion factor, as
either an enhanced molecular gas content or as a higherrteaiben of the molecular component towards the center mparison
to galaxies in lower density environments. In contrast,rtfeanMy, of spiral galaxies in HCGs is only 12% of the expected value.
The specific star formation rate (sSFBFR'stellar mass) tends to be lower for galaxies with a higiiar or My deficiency. This
trend is not seen for the star formatiofiiéiency (SFESFR'M,), which is very similar to isolated galaxies. We found téinea
indications for an enhancement i, in spiral galaxies in HCGs in an early evolutionary phaseadédcrease in later phases.

We suggest that this might be due to an enhancement of thermion from atomic to molecular gas due to on-going tidariattions
in an early evolutionary phase, followed by HI stripping andiecrease of the molecular gas content because of lackefisipment:
Conclusions. The properties oM... andLx = in galaxies in HCGs are surprisingly similar to those ofagetl galaxies. in spite of the
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Xurconosckue komnakTabie rpynnbl (HCGs) — njornbie
OTHOCHUTEJIbHO M30upoBanuble rpymnibl 4-8 rasakruk (Hickson 1982)
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Panee 6b110 n3BecTHo

@ BzammopeiictBue B rpymnmnax npusoguT K medunury HI. B compasnbabix
raJakTHKax Hab/Iromaerca ToJabKo 24% oT oxXumaeMoil MacChl
aTOMAPHOI'O BOAOPOJA [iJId FAJIAKTUK JAHHONH CBETUMOCTH U
MOP@OJIOTHIECKOTO THITA,

@ TosibKO y TTOSIOBUHBI U3 CAMBIX IeUIUTHBIX TPYIII HAOIIOIAeTCS
PEHTTEHOBCKOE W3JIyUeHUe, UTO TOBOPUT O TOM, YTO MEXAHW3M
B3amMozeiicTBus rasakTuka-IGM mHe sB/IsIeTCS OCHOBHON IPUYIMHOMN
BbiMeTanus HI

@ I13BeCTHO, 9TO B CHJIBHO B3aMMOJECHCTBYIOIUX CUCTEMAX (CIUSHUS,
IPUIMBHBIE XBOCTHI, BO3MYIIEHNs BHYTPEHHEH CTPYKTYPBI) JOJIsT
MosteKyJ/isipHoro rasa nosbiena (Casasola 2004). Opguako pambiie
CUMTAJIOCh, YTO B CKOTJIEHUSX, B CpeIHeM, HeT nedurmrta H,, He
cmoTpa Ha oueBnaayio HexBarky HI (Kenney, Young 1986, Boselli et al
2002). Xora Fumagalli 2009 mames, aro 40% ranakrux ckomienuii c
nedurmrom HI mmeror takxke mexBaTky Hs.

® My, u Ls nna HCGs muke, WeM y raJakTHK IIOJIS C TEMU Ke
suauennamu gedurmra HI. D10 o6bsacusaun, uro HI meobxomum mis
obpazosauus H,, a H, — ana 30.
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86 ramakTuk n3 20-tu HCGs, B mmporkom muanazone medunntos HI u
HAXO/IAIIUECST HA PA3HBIX IBOIIONMUOHHBIX cTafusx. Kpurepun mis
rpynm:

o Copep:kuT 1o KpaiiHeil Mepe YeThipe UI€HA, COOTBETCTBYIOT
KpuTepusaM Xurcona. Tak»Ke ObLTH UCKIIOYECHBI “HEMPABUIbLHBIE
PYHIIbI, C KOTOPHIMEU OBLIH [TEPEYTAHbI y3JI0BATHIE
WUPPETyIsIPHBIE TATaKTHK. )

)

o CozepKuT 1O KpaiiHeil Mepe OJHY CIHPAIbHYIO TATaKTUKY (Tak
KaK BECb UHTEPEC B rase).

o Paccrosauna <100 Mpc

lanakTuku cpaBHenus — u3ojupoBanibie AMIGA
(Verdes-Montenegro et al. 2005)
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II. THE CATALOG

a) Selection Criteria
A compact group is defined here by the following

criteria:
N=4 (population), (1)
0y=30; (isolation), 2)
1G<26.0 (compactness), 3)

where N is the total number of galaxies within 3 mag of
the brightest, jz; is the total magnitude of these galaxies
per arcsec® averaged over the smallest circle (angular
diameter 6;) that contains their geometric centers, and
0y is the angular diameter of the largest concentric circle
that contains no other (external) galaxies within this
magnitude range or brighter.
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D BOJIIOIIHS

OBOIONMOHHBIE (DA3BBI:
o ®aza 1: HI neankoMm HAXOAUTCA B TajJaKTHUKaX.

o ®asa 2: or 30% mo 60% HI ynaneno u3 nucka MPUIABHBIMEI
B3aUMMOJAENCTBUSIMUI

o ®azsa 3a: Bech raz HaxXoauTCs BHE TAJIAKTHK B BHUJE MPUIABHBIX
XBOCTOB.
@a3a 3b: B HeCKOIBKUX ciayuasx — obnako HI ¢ obmeit
CKOPOCTBIO, B KOTOPOE BJIOYKEHBI TAJTAKTHKH

OBOMIOMOAHAAS CTAINSA — 3TO MOKA3ATEh 3BOIIONUN X0JI0aH0i ISM,
HO HE BCEra mokasaresb Bo3pacta rpynnbl. Hampumep HCG 79
(dbaza 1) cocrouT u3 3 rajlakTUK PAHHErO TUIA U OJHON CIHUPAJIBHOM,
Ybe 3BE3/[HOe rajio MOKa3bIBaeT TO, 410 rpynia crapas (Durbala 2008)
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D BOJIIOIIHS

Phase 3a: No HI in the galaxies

Phase 1: Phase 2

Low level of interaction Multipled tidal features

HCG 88 HCG 16

HCG 40
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e CO(1-0) u CO(2-1) — wacrp IRAM, gacrs NRAO

o Komsepcuonnbtit GakTop Xeo = Nu, /Ieo = 2-10%° cm™3 (K -km/s) ™!

o Hcnpajenus 3a aneprypy, 9TOOBI IOJTYyIUTh MOJHYIO Maccy Hj:
I.o = Lexp(r/r:). DTO Npenonaraer, 9to pacripeeieHne
MOJIEKy/IIpHOTO Ta3a B aucke rajaktuk HCGs takoe ke, Kak u B
raJlak TUKax 110Jis!

@ 60 u 100 um FIR — ADDSCAN/SCANPI
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log(My) [M,]

11

9
log(Lrr) [Lo]

peFig. 6. My, vs Ler for late-type (B1, squares) and early-typ

id ¢E+SO0, crosses) galaxies. The green line corresponds to th
sector fit found for HCGs galaxies, while the blue dashededio
line corresponds to the bisector fit found for the AMIGA is
lated galaxies from Lisenfeld et al. (2011). The fits are itieda
in Table 4. The dotted black lines correspond tolthg /M, ra-
tios 1 (left), 10 (middle) and 100 (right),/Ms. Black symbols
denote detections and red symbols upper limits.

IIpakTraeckn Bce
rajlakTHKU JIeXKaT B
Juanasone L /My, = 1—10
Ly,/M,, 9TO TUTIUYHO JJist
HOPMAaJILHBIX rajlaKTHK.
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Fig. 7.My, vsLg for early-type galaxies in HCGs (full symbols
and from the AMIGA sample of isolated galaxies (open sy
bols) with distances between 20 and 70 Mpc. The lines are
same as in Fig. 5a and b. Black symbols denote detections
red symbols upper limitsTop: SO galaxies (trianglesBottom:
elliptical galaxies (circles).

Hna pananx tinos B HCGs:

] ,ZLJ'ISI HU30/IMPOBAHHDBIX I'd/JIAKTHUK TE€X 2K€ THUIIOB 1

paccTosiHuii XapakTepHsl Gosee BeicOKue My,
nst rex ke Lg (7). Ecnu SO ramakruku B
IUTOTHOM OKPY?KEHHU IPOHCXOAAT OT
00OZPAHHBIX CIIUPAJIeil, 9T0 MOXKET 3HAUUTh,
9TO MOJIEKY/ISIPHBII Ta3 TAK¥Ke YJAIAeTCs IPA
9TOM IIPOLIECCE.

Uurepecuo, 9ro auamna3oH ceerumocTeil Ly mis
S0 ramaktnk HCGs Takoit xe, Kak 1y
W30JIMPOBAHHBIX, a g E — Ha mosmopsiaka
BeJIMYUHBL DOJiee gpKue.

FIR cBerumocTs myg E B rpymnmax NpakKTHYeCKH
TaKas ke, KaK ¥ B U30JIMPOBAHHBIX.
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HCGs AMIGA @

Mean ngL/n Mean nuL/n
109(Ls) (Lo) 9.95:0.06 046 | 9.75:0.04 (150
log(M,) (Mo) 9.02:0.09 1746 | 8.38:0.09 64150
l0g(Ler) (Lo) 9.53:0.09 1545 | 9.16:0.05 58150
Def(My,) (from Lg ) 0.14:0.09 1746 | 0.06:0.04 64150
Def(Mn,) (from Ly ) -0.15:0.06 1045 | -0.01+0.05 58149
Def(Lrir) -0.11+0.08 1345 | -0.09:t0.04 58150
Def(HI) 0.93:0.13 937 - -
10g(Mp,/Lg), all Lg -0.96:0.08 1746 | -1.25:0.04 64150
(Me/Lo)
log(Mp,/Lg), low Lg® | -1.04:0.10 1022 | -1.36:0.05 56103
( a/ 0,
10g(Mp,/Lg), highLg® | -0.88:0.09 324 | -1.06:0.05  §47
(Me/Lo)
l0g(Mr,/Lk) -1.58:0.05 1045 | -1.76:0.05 50135
(Mo/Lko)
log(Lrir/Ls) -0.45:0.07 1945 | -0.52:0.03 58149

Cpennne emnannsl def (My,) w def (Ls,) nns cnmpaseit HCGs moxozx.
N36errok My, i Ls, He CBA3aH C APKUMU OObEKTAMU KaK TAKOBBIMH.
Ho nmonoBuHa U3 TakuX rajakTUK IIPH OJIMXKailieM pacCMOTPEHUU
JIEMOHCTPUPYET HEKME UCKAXKEHUs CTPYKTYPbI (IPUIMBHBIE XBOCTHI B
onruke u/uiu HI, kunemaruyeckue Bo3amylieHus u T.11.)
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_Fig.8. My, deficiency vsLgr deficiency for late-type (¥1)
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Red symbols represent upper limits in eittMy, or Lgr, and

‘ltthéck symbols detections. The=¥ line is plotted as referenc
"Shd does not represent a fit to the data.

Jns n3ommpoBaHHbIX TanakTuk def (My,) pacipocTpaHsieTcst 10
HEMHOTO MEHBINNUX BEJTUYUH JIJIsT JAHHBIX def (Lﬁ,)
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Q.3 0.3

0.2

Ratio of galaxies

o 0
Def(y,) De(Log)

Fig.9. Def(My,) (top) and Def(Lgr) (bottom) distribution of
spiral galaxies in AMIGA (black line) and in HCGs (red filled
bars), calculated with ASURV in order to take the upper limits
into account.

910 coorecrryer Tomy, uTo B HCGs Ha 40-60% Gonbine My,, dem
JJId U30JIMPOBAaHHBIX.
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Bo3MmoxkHBIE TPUYWHBI BHICOKOH 10M Hy:

o U B camom meme GosbIas A0/ MOTEKYISPHOTO Ta3a.

o Bosbinas KOHIEHTpaIsS MOJIEKYIIpHOro ra3a K mearpy B HCGs
[0 CPABHEHUIO C U30JMPOBAHHBIMY (M3-38 MPUMEHEHUSI
SKCTPAIOJUPOBAHHOIO IIOTOKA)

o Cucremarwdeckass pa3HUIA IJisi KOHBEPCUOHHOTO (DAKTOPA Xco-
OH 3aBUCHUT OT MHOTUX CBOHCTB IaJIAKTHK (METAJLUIMYHOCTD,
ra3oBas TeMmlleparypa, ra3oBagd IIJIOTHOCTb, JUCIEPCUT
CKOPOCTEfi), HO, IOXOXKE, TYT ITU LIAPAMETPbl TAKUE Ke KaK U
JJ151 N30JINPOBAHHBIX.

[Mepsbie nBa mynkTa Haubosee BeposTHbl. [loxoxke, B HCGs 6osee
aKTUBHOE 3B€31000pa30BaHus B LIEHTPAILHOM KOMIIAKTHOM siApe.
DTOoMYy CHOCOOCTBYET B3aUMOAEHCTBUE C OKPYKEHUEM, YTO LIPUBOIUT
K TIOTEpEe YTJIOBOTO MOMEHTA MOJIEKYJISAPHBIM Ta30M, KOTOPBIA 1
MaIaeT B MEHTP. DT AUCCAMATHBHBIE 3P (DEKTHI MUHUMAIBHBI I
M30/IMPOBAHHLIX IaJaKTHK.
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Fig. 10. My vs My, deficiencies (left) andy vs Lrr defi-
ciencies (right) for spiral galaxies £T71). The red lines show
Def(Mu) = O, Def(Mu,) = O and Def(gr) = O, and the
dashed lines give De¥{y,)=0.75, separating low and highly HI-
deficient galaxies in our analysis. Red symbols denote Upper
itsin MH2 or Lgr.

lanakTuku c
CAJTBHBIM
gedumurom HI
UMeIoT boJiee-MeHee
HOpMaJIbHbIe Hy T
Lg,
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Hedwumur rasa

Def(My,) log(My,/Lg) nyr/n  log(My,/Lx) nur/n
(Mu/Lo) (Mu/Ly.o)
Total -0.14£0.09  -0.96+0.08 11/46  -1.58+0.05 10/45
HI content Def(HI)<0.75 -0.34+0.10  -0.82+0.10 5/21 -1.40+£0.07 420
of galaxies Def(HI)>0.75 -0.07£0.16  -1.15+0.13 3/16 -1.77+0.08 3/16
HI content Normal -0.38+0.20  -0.76+0.15 1/6 -1.52+0.11 0/5
of the group Slightly deficient | -0.08+0.11  -0.99+0.10 8/32 -1.59+0.07 8/32
Very deficient -0.21£0.08  -0.95+0.10 2/8 -1.60+£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+0.07 521
Phase 3 -0.04£0.09  -1.07+0.08 4/14 -1.71£0.11 4/14
Def(Lpir)  log(Leir/Le)  nuc/n log(Ler/Lk) nyc/n
(Lo/Lko)
Total -0.11£0.08  -0.45+0.07  15/45  -1.14£0.09  14/44
HI content Def(HI)<0.75 -0.32£0.11  -0.28+0.11 6/20 -0.84+0.10 5119
of galaxies Def(HI)>0.75 0.03+0.11 -0.60+0.11 6/16 -1.38+0.13 6/16
HI content Normal -0.19£0.19  -0.36+0.11 3/6 -1.07+£0.17 2/5
of the group Slightly deficient | -0.08+0.09  -0.45+0.09 10/31 -1.15+0.11 10/31
Very deficient -0.23£0.08  -0.37+0.07 2/8 -1.03+0.14 2/8
Evolutionary Phase 1 -0.17£0.15  -0.36+0.13 4/11 -1.03+0.13 3/10
Phase Phase 2 -0.12£0.13  -0.43+0.13 7/20 -1.11+0.14 7/20
Phase 3 -0.12+0.05  -0.45+0.04 4/14 -1.11£0.09 4/14
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HI content Normal -0.19+0.19  -0.36+0.11 3/6 -1.07+£0.17 2/5
of the group Slightly deficient | -0.08+0.09  -0.45+0.09 10/31 -1.15+0.11 10/31
Very deficient -0.23£0.08  -0.37+0.07 2/8 -1.03+0.14 2/8
Evolutionary Phase 1 -0.17£0.15  -0.36+0.13 4/11 -1.03+0.13 3/10
Phase Phase 2 -0.12£0.13  -0.43+0.13 7/20 -1.11+0.14 7/20
Phase 3 -0.12+0.05  -0.45+0.04 4/14 -1.11£0.09 4/14
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Table 9. Mean log(sSFR) and log(SFE) as a function

Def(My;) and Def(My,) for spiral galaxiesT > 1). Mean values
are calculated as explained in Table 6.

log(sSFR)(yrY)
Mean nL/n
Def(My) <0.75 | -10.3%0.10 (519)
Def(My) >0.75 | -10.85:0.13 (616)
Def(My,) <-0.25 | -10.330.07 (622)
Def(My,) >-0.25 | -10.81+0.12  (g22)
log(SFE)(yr')
Mean nL/n
Def(My) <0.75 | -9.08:0.07 (519)
Def(My) >0.75 | -9.16:0.12  (616)
Def(My,) <-0.25 | -9.05:0.07 (622)
Def(My,) > -0.25 | -9.04:0.13  (§22)

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

Xorst meduIUT aToMapHOTrO BOZOPOIa He BANSAET Ha abcomoTHbie SFR
u SFE, no orpaxkaercs va SFR nHa eaunuily 3Be31HON MACCHI.
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B mpomecce sBomtonum:

o lajmaktuku B HCGs HaunHaOT ¢ Hy/IE€BBIME JedUIATAMA

o 3areM B T€UEHUU PAHHEN IBOIONUOHHON (ha3bl TPUINBHBIE
B3aUMOJENCTBUA YBEJIMUYUBAIOT C OJTHON CTOPOHBI IIEPEXO/T
HI—>H; u c apyroit croporsl — obaupaor HI. 910 Beger
def(MHI) >0mu def(MHz) < 0.

o B dwunase MHOKECTEEHHbBIE B3aUMOIEHCTBAS BHYTPH TPYIIIIbL
obmmpatot Gonbmyto wacts HI B pesynbrare wero def (My;) >> 0,
u Kak caexcrsue pacrer def (Mpy,).

o Bce Bmecre 310 Bener kK Bospacranuio gouan S0 B HCGs na
MTO3/IHAX CTAIUAX UX 3BOJIIOLMH.
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L Summary

o Coornomenna Mexay Mpy,, Ls u Ly B ranaktukax HCGs ne
CHJIBHO OTJIHYAIOTCS OT TAKOBBIX IS H30JIUPOBAHHBIX.

o Ecrb HEOOMBION N30BITOK M,, KOTOPBII MOYKHO OObASACHATD
TpeMsi CIIOCODAMHU: JIEHCTBUTETHHO N30OBITOK MOJEKYT, OOIbIIast
KOHIeHTpanusa Hy BO BHYTpPeHHEH 00/IaCTH IUCKA, APYTOH Xco

o /Imamazon ceermmocteit SO amst HCGs Takoit ke, Kak u JjIst
M30JUPOBAHHBIX, OHAKO, K Ha MOIBEINYUHBL Goslee sIpKUe.

o Coornomtenns Ls. /My, = 1 — 10 L,/M, Takoe e, KaK 1 1
MU30JIMPOBAHHBIX

o Cuymbubiii medurur HI (Tonbko 12% or 0:KuIaeMOro KOJIud4ecTBa)

o SFE B HCGs Jiuiiib HE3HAYUTEIBHO HUXKE, YeM B U30JMPOBAHHBIX
u ue 3aBucut Hu OT def (Mpy;), um or def (My,)

o sSFR Bospacraer c yobiBanuem def (Mpy;), uu or def (Mpy,), xors
piusinusg HI na obbranyio SFR mer

o YowiBanue def (Mpy,) B TIpOIECCe SBOTIONUHN TPYIIIEL

@ HeT m3MeHeHus ryiodasbHoro medgunura HI, uro nmpenmosaraer,
9TO MOJIEKYJIPHBIH ra3 1 30 U3MEHSIOTCS OT OIUHOYHBIX
B3aMMOJENCTBUIl, & HE HEIOCPEACTBEHHO U3-33 JIOKAJIBHOI'O
okpyxkenus (7)
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