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Abstract

We present new results of- 2CO(J = 1-0) imaging survey using the Atacama Compact A(fagA) for 31 Hi

detected galaxies in the IC 1459 and NGC 4636 groups. This isrtheCO imaging survey for loose galaxy
groups. We obtained well-resolved CO dat®.7-1.5 kpq for a total of 16 galaxies in two environments. By
comparing our ACA CO data with thelldnd UV data, we probe the impacts of the group environment on the cold
gas componentéCO and H gag9 and star formation activity. Wend that CO antor HI morphologies are
disturbed in our group members, some of which show highly asymmetric CO distrib(gignsIC 5264,

NGC 7421, and NGC 74)8In comparison with isolated galaxies in the xCOLD GASS sample, our group galaxies
tend to have low star formation rates and lowdds fractions. Ourndings suggest that the group environment

can change the distribution of cold gas components, including the molecular gas and star formation properties of
galaxies. This is supporting evidence that preprocessing in the group-like environment can play an important role
in galaxy evolution.

Uni ed Astronomy Thesaurus concepigerstellar atomic ga@33); Molecular gag1073; Galaxies(573);
Galaxy groupg597); Galaxy evolution(594)

1. Introduction eld, groups, and clusters. As the surrounding density

Galaxy propertieste.g., morphology, star formation rate increases, the fraction of early-type galaxies increfises

: 7 : - the densitymorphology relation; Dresslel98Q Goto et al.
(SFR, and coloj change with the environment, including the 2003 Houghton2015. In particular, in the cluster environ-

- . ment, the galaxy population is dominated by red sequence
Original content from this work may be used under the terms galaxies with lower SFRé ewis et al.2002 Gémez et al
B of the Creative Commons Attribution 4.0 licendgny further ’ :
distribution of this work must maintain attribution to the au@§and the title 2003 Hogg et al.2004 Kauffmann et al2004. Furthermore,
of the work, journal citation and DOI. this trend is also observed at the outskirts of galaxy clusters
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(Cybulski et al2014 Jaffé et al2016 Morokuma-Matsui etal.  hence galaxy evolution. However, since the distribution of
2027). molecular gas is more compact within the stellar disk and its

In fact, in a hierarchical universe, a sigrant fraction of density is higher, it still remains unclear whether the molecular
cluster populations is accreted through the gro{NteGee gas is also strongly affected by the group environmental
et al.2009 De Lucia et al2012). This result implies that many  processes. For cluster galaxies, recent studies on molecular gas
galaxies are likely to be already affected by the environmentalhave found evidence of the environmental effects on molecular
effects in groups(e.g., tidal interaction and ram pressure gas of cluster galaxigBoselli et al.2014h Lee et al.2017
stripping(RP9; for a review, see Cortese et 2021, making Lee & Chung2018 Jachym et al2019 Zabel et al.2019
them become red, passive, and gascomt before they fall ~ Moretti et al.2020a 2020k Cramer et al2020. However,
into a cluster. This procegknown as*“preprocessirig can there are not many studies of the molecular gas in group
account for a signicant fraction of the quenched galaxies at the galaxies(e.g., Alatalo et al2015, and therefore we still lack a
outskirts of the cluster or beyond the virial radius of the cluster good understanding of the group environmental effects on the
(Haines et al2015 Dénes et ak016 Jaffé et al2016 Roberts molecular gas.
& Parker2017 Jung et al2018 Vulcani et al.2018 Dzudzar In order to obtain a better understanding of the group
et al. 2019 Seth & Raychaudhurg02Q Cortese et al2021; environmental effects on the molecular gas and the star
Kleiner et al.2021 Morokuma-Matsui et aR021; Castignani formation activity, we carried out ¥CO(J = 1-0) imaging
et al. 2022. Therefore, studyingpreprocessirig(e.g., how survey of 31 galaxies in two loose groups 1459 group and
signi cantly galaxies can be processed in the group environ-NGC 4636 group using the Atacama Large Millimeter
ment before they enter a clugtés important to understand submillimeter Array(ALMA)/the Atacama Compact Array
galaxy evolution in the groups as well as the clusters. (ACA) in Cycle 7. This is the rst CO imaging survey for the

In addition, at least half of all galaxies belong to galaxy loose groups. In particular, a loose group is an intermediate
groups in the local univerg&ke et al.2004 Robotham et al.  structure between compact groups and clusters. Loose groups
2011), indicating that the group environment is the common host tens of galaxies over an area df Mpc®, with a median
place where local galaxies evolve. velocity dispersion of 165 knT$ and a median virial mass of

Although there are various external processes that can play a 1.9x 10" h®! M. (Tucker et al200Q Pisano2004). These
role in changing the physical properties of galaxies, tidal are particularly interesting objects in a study of structure
interactions and merging events are more frequent, especialljormation in the hierarchical universe.
in the group environment, due to the low-velocity dispersion of However, previous CO imaging studies on group galaxies
the group, which are thought to be the main mechanismsmainly focused on compact groups, showing violent interac-
affecting group galaxigZabludoff & Mulchaeyl 99§ Bitsakis tions among group membefs.g., Alatalo et al2019. Thus,
et al.2014 Alatalo et al2015 lodice et al202Q Kleiner et al. the well-resolved CO imaging data of our survey can provide a
2021 Wang et al.2022. Some groups are detected in X-ray, unique opportunity to study the detailed molecular gas
indicating the presence of a hot intragroup medi@rM) properties(e.g., CO distribution and velocityeld) of group
(e.g., Osmond & Ponma2004). However, the strength of ram galaxies and is expected to show direct evidence for the group
pressure in groups is expected to be not as strong as thenvironmental effects on the molecular gas.
strength of ram pressure in clusters because the velocity of Recent high-resolution Himaging observations for the
group galaxies relative to the IGrM is not as high, and the IC 1459 group and the NGC 4636 grofiereafter 11459G and
density of IGrM is relatively low. Nevertheless, evidence of N4636G, respectivelyshow that there are explicit signs
ram pressure stripping has been reported in galaxy groupgstripped H gas and asymmetric Hnorphology of external
(Kantharia et al2005 Rasmussen et #006 Westmeier etal.  perturbations(Serra et al.2015a Oosterloo et al.2018
2011 Wolter et al.2015 Brown et al.2017% Roberts et al. Saponara et al2018 Koribalski et al.2020. In addition,
202)). thanks to the proximity of these two groups459G: 27.2 Mpc

The cold interstellar mediuriSM), mainly composed of  and N4636G: 13.6 Mpcand the high spatial resolution of our
atomic hydrogerfH 1) and molecular hydrogefi,), is one of ACA observations, individual group galaxies can be resolved
the important baryonic components of a galaxy, as the fuel foron akpc scal€l1459G: 1.5 kpc and N4636G: 0.7 kpg.
star formation. Generally, theHjas disk of the star-forming  Therefore, both the 11459G and N4636G are good laboratories

eld galaxies extends beyond the optical dislg., Walter to investigate the group environmental effects on molecular gas
et al.2008. The large extent of the Hlisk and the low density  in detail. In particular, since the N4636G is falling into the
of H I gas make it more susceptible to environmental processesyirgo cluster (Tully & Shaya 1984 Nolthenius1993, this
such as tidal interaction&’un et al. 1994 Saponara et al. makes the N4636G the best target to study the preprocessing in
2018 and ram pressure strippirf@hung et al.2009 Wang the group environment.
et al.202Q 2021). In the group environment, galaxies are often  In this work, we present the results of our ACA CO survey
reported with H de ciency, asymmetric Hdistribution, and a  of the two groups. In particular, we compare the CO images
shrinking of Hi disk (Dénes et al2016 Brown et al.2017 For with existing Hi images for our group sample to investigate
et al. 2019 Lee-Waddell et al2019 For et al.2021; Kleiner how these two phases of the cold ISM react to the group
et al. 2021, Roychowdhury et al2022 Wang et al2022. environmental processes, since the déds and CO gas have

In particular, the H gas, which is mainly traced by carbon different characteristidg.g., the disk size and the denkiffhe
monoxide (CO), is known as the direct ingredient for star combination of CO and Himages is possibly powerful for
formation. Therefore, it is essential to understand how thedistinguishing between different stripping or quenching
group environmental processes affect the molecular gas ofnechanisms.
galaxies because a change of molecular gas properties by the In Section2, we describe the two galaxy groups and the
environmental effects likely links to star formation activity and sample selection along with the general properties of the target

2
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galaxies. Details of the ACA observations, data reduction, and(Franx & lllingworth 1988 Prichard et al2019, an irregular
ancillary data are described in SectiBn We present CO  dust distribution(Forbes et al1994), and the tidal tails and
properties and CO images of our sample in Sectiorin shells in the outskirts of the galagyorbes et al1995 lodice
Section 5, we investigate differences in global properties et al. 2020. All these features indicate that the BGG in the
between the grosli:g sample and the extended CO Legacy1459G has experienced tidal interactions /@andmerging
Database for GASS (xCOLD GASS; Saintonge et &2017) events. X-ray observations also revealed that there is a hot
sample, and we discuss the impacts of the group environmen{GrM at the center of the 11459@smond & Ponma2004).

on member galaxies. In Sectiéhwe summarize our results Many previous H imaging observations of the 11454&g.,

and conclusions. Throughout this paper, we adopt distances oKilborn et al. 2009 Serra et al2015a Oosterloo et al2018

27.2 and 13.6 Mpc to two groups, 11459G and N4636G, saponara et aR019 also suggest that galaxies in the 11459G

respectivelyBrough et al.2006.

2. Group Sample

The Group Evolution Multiwavelength Stud@EMS) is a
panchromatic survey of 60 nearby galaxy grp?lpe recession
velocity of 1000 kmS* < Vg0up < 3000 km §%), which has
been initiated to study environmental effects on galaxy
evolution in the group environmef@smond & Ponmai004
Forbes et al.200§. The survey covers a broad range of
wavelengths from radigKilborn et al. 2005 2009, infrared
(Brough et al.2009, optical (Miles et al.2004, and X-ray
(Osmond & PonmarR004 to investigate how strongly and
frequently group members are irenced by various processes.
Among 60 groups in the GEMS, in particular, both 11459G and
N4636G were observed in thelHemission, with the high
spatial resolution of the Australian Square Kilometer Array
Path nder(ASKAP, Serra et aR015h Koribalski et al.2020.

The presence of high-resolution | Himages takes great

are undergoing violent interactior(g.g., tidal interactions
between galaxi¢s With the Australia Telescope Compact
Array (ATCA), Saponara et a[2018 reported a substantial
amount of H in clouds( 7.2x 10° Me) and in extended
distributions near IC 145BGG), IC 5264, and NGC 7418A,
covering nearly half of the group region. In addition, Oosterloo
et al. (2018 found a long H tail across the 11459G with the
Karoo Array Telescopg€KAT-7). Recent H imaging data
obtained from the ASKAP reveal that many of the group
galaxies show asymmetric and disturbed Morphologies
(Serra et al20153.

Under the assumption that the 11459G is in dynamical
equilibrium (e.g., Balogh et al2007) and adopting the group
velocity dispersiorf goup 223 km $'1) taken from Osmond &
Ponman(2004), we calculated the group virial radi@R,qq
0.55 Mpg and the total group mass Mg (1.9% 10" M),
where Ryqg is the radius at which the systmmmean mass
density is 200 times higher than the critical density of the

advantage of verifying immediately the environmental effects Universe, andxqo is the total mass enclosed wittRaoo

on the cold gas diske.g., asymmetric Hdistribution; Serra
et al. 2015h For et al.2019 Lee-Waddell et al2019. For

these reasons, we selected these two groups to probe the group

2.2. NGC 4636 Group

environmental effects on the cold gas and star formation The N4636G is located toward the southeast region of the

activity of group galaxies.

Both 11459G and N4636G have many properties in common

such as the detection of X-ray emission, and the presence of
relatively large elliptical galaxy at the group cerite., bright
group-centered galaxy; BGGEOsmond & Ponman2004
Brough et al2006. However, their locations in the large-scale

structure are rather distinct. The 11459G is a relatively isolated

group, while the N4636G falls into the Virgo clust@ully &
Shayal984 Nolthenius1993. Therefore, the N4636G is an
ideal laboratory to study thi@reprocessirigof group galaxies.

We describe the details of the properties of the two groups a

well as the sample selection for our ACA CO observations in
the following sections.

2.1. 1C 1459 Group

The 11459G is a loose galaxy group that includes0
members idented by a friends-of-friend¢FOF algorithm
(Brough et al2006. Additional faint galaxieg¢e.g., dwarf and
ultra-diffuse galaxigsare likely to be associated with the
11459G, based on previousItbbservations and recent deep
optical imaging(e.g., Kilborn et al2009 Serra et al2015a
Forbes et al2020.

The BGG of the 11459G, with a stellar mass o8 x
10"*M,, which we estimated using the Wideld Infrared
Survey Explorer (WISE) data (see Section3.3), shows

Virgo cluster and is falling into the cluster. In the group, there
is an early-type BGGINGC 463§ with a stellar mass of
a3x 10'%M, (O'Sullivan et al.2018.

The N4636G shows luminous and extended X-ray emission,
indicating the existence of a hot IGrNk.g., Osmond &
Ponman2004 Baldi et al.2009 Ahoranta et al2016. This
X-ray emission is extended out t00.3 Mpc from the group
center(Matsushita et al1998, suggesting that some group
galaxies near the group center are possibly affected by ram

ressure stripping. Interestingly, recent X-ray studies of

GC 4636 show that the morphology of X-ray emission near
the BGG is complex, showing arm-like structures and bubbles
related to previous active galactic nucléd&N) activity (e.g.,

Baldi et al.2009. The direction of the radio jets also coincides
with the X-ray cavitiegGiacintucci et al2011).

The N4636G hosts at least 17 members idedtby Brough
et al. (2006. However, 100 systems, including low-mass
dwarfs and massive spiral galaxies, could be associated with
the N4636G, in a recent ongoing stu@ Lin et al. 2022, in
preparatioh Previous H observations of the N4636G found
that there are many kHde cient galaxies, which implies that
group members in the N4636G are affected by the environ-
mental effectgKilborn et al.2009.

Under the assumption that the N4636G is in dynamical
equilibrium and adopting the group velocity dispergiafioup

many peculiar features, such as a counter-rotating stellar cora84 kms?) taken from Osmond & Ponmal2004, we

29 The Parkes Galactic All Sky Survey.

calculated the total group mass Mg, (3.9% 10 M, ) and
the group virial radiugRyos 0.70 MpQ.
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Table 1
General Properties of Sample Galaxies in IC 1459 Group and NGC 4636 Group
Name R.A. Decl. Type Inc. PA v (opY My log My SFR
(32000 (32000 (deg (deg (kms°Y) (x 10°M,) (Me) (Me yrsh
@ @ (©) Q) ®) (6) U] ® ©) (10
IC 1459 Group
ESO 406-G040 ZB0"21:99 $ 37912"04:0 IB 443 15 1248 6.2 1.0 8.87 0.044 0.020
ESO 406-G042 792145 24 § 37905M01: 2 SABm 80.1 66.4 1375 192 1.6 9.42 0.16% 0.025
DUKST 406-083 2502"00% 50 S 36729045 L 66.1 97.0 1624 2.8 1.0 7.50 0.021% 0.003
IC 5264 2856M53: 02 § 36933153 Sab 90.0 80.1 1940 94 1.2 10.15 0.144 0.004
IC 5269B 2956M36: 72 $ 36%14M59:5 SBc 82.6 96.7 1638 30€2.0 9.89 0.17& 0.026
IC 5269C 2800m48: 17 § 35%22M3:5 Scd 74.9 62.8 1796 147 1.6 9.46 0.12% 0.022
IC 5270 2957545 88 $ 35%51M29: 0 SBc 58.2 105.1 1929 6616 3.7 9.94 0.74& 0.102
IC 5273 2859M265 72 § 3794205 SBc 50.8 48.5 1286 3842.2 10.34 1.75& 0.529
NGC 7418 2556"36% 15 S 3701M48: 2 Sc 40.0 137.7 1417 48#82.6 10.57 2.04% 0.759
NGC 7418A 2956™415 23 § 36%6m21:9 Scd 61.2 81.4 2102 404.2.3 9.30 0.45& 0.033
NGC 7421 295654 32 § 37920M508 7 Shc 36.2 80.6 1801 751.2 10.32 0.274 0.041

NGC 4636 Group

EVCC 0854 1932™58: 04 + 04%34m4255 Sm 60.8 L 1233 0.9+ 0.2 6.20 0.002 0.001
EVCC 0962 1537m29: 07 + 04945m045 3 I 62.4 12.4 1655 0.2 0.2 7.65 0.00% 0.001
IC 3474 1232™365 51 + 02%39M405 9 Scd 87.1 425 1727 580.3 8.75 L

NGC 4496A 1931M39: 26 + 0F56m22: 8 Scd 38.5 67.5 1730 1900.9 9.58 0.34% 0.018
NGC 4517 1932™45% 48 + 00706™528 5 Sc 90.0 84.4 1131 3841.4 10.27 0.63% 0.079
NGC 4517A 1932M275 97 + 00723258 7 Sd 75.2 30.1 1509 149 0.7 9.33 0.104 0.015
NGC 4527 1534M085 47 + 0239M13:9 SABb 81.2 69.5 1736 4191.4 10.30 1.89% 0.943
NGC 4536 1934™27509 + 0211M168 SABb 73.1 120.7 1808 3191.1 10.13 2.17% 0.959
NGC 4592 1539M8:74 § 00731M54: 6 Sd 90.0 94.2 1069 759€ 3.3 9.38 0.30% 0.016
NGC 4632 1542M325 34 § 00f04m545 2 Sc 70.5 58.9 1723 2020.8 9.42 0.25& 0.028
NGC 4666 15457085 64 § 0027425 SABc 69.6 40.6 1533 360 1.4 10.18 2.193 1.025
NGC 4688 1947™46° 61 + 04%20m12:8 Sc 23.7 L 986 12.6+ 1.0 8.69 0.182 0.028
NGC 4772 155329517 + 0210M06¢ 3 SABa 67.3 155.1 1040 150.2 10.28 0.02¢ 0.006
UGC 07715 1933"55: 68 + 0332M45: 6 I 20.9 L 1138 0.7+ 0.1 8.65 0.012 0.002
UGC 07780 1936™425 09 + 0F06m30: 7 Sm 90.0 48.2 1441 2802 7.97 0.00& 0.007
UGC 07824 1939M508 42 + 019%0m208 7 SBm 73.0 80.9 1227 2402 8.70 0.00% 0.003
UGC 07841 1241M11559 + 01%4M3751 Sh 62.3 144.4 1737 380.3 8.92 L

UGC 07911 1944M285 78 + 00728M058 4 Sm 66.8 15.0 1183 55 0.3 9.58 0.07% 0.012
UGC 07982 1949™505 25 + 02%51m06: 9 Sb 87.1 0.8 1155 380.2 9.39 0.00% 0.001
UGC 08041 1555™125 64 + 00706™608 0 SBcd 54.0 168.3 1359 920.7 9.53 0.094 0.014

Note. (1) Galaxy name(2) R.A. (J2000; (3) decl. (J2000; (4) morphological type(5) inclination angle(6) position angle; Column&)—6) from HyperLeda
(http7/ leda.univ-lyonl.ft; Makarov et al2014) (7) optical velocity(Kilborn et al.2009; (8) H | gas mass, Hgas masses from Parkes observat{#tilborn et al.
2009; (9) stellar mass, stellar masses estimated from the WISE(@i@katar formation ratéSFR), star formation rates derived using the GALEX FBWV data,
and the WISE 22 m data.

2.3. Sample Selection nondetection of CP Their BGGs are shown as green large

The target galaxies of our ACA CO survey were selected Crosses. Small crossggay: late-type, yellow: early-typalso

from the GEMS-H survey that observed Hyas of galaxies indicate galaxies taken from the Hyperleda database, which are

L . . also within 1.5¢ Rygp and+ 3% 40 @and brighter than the
within a square region of 30 degurrounding the center of absolute magnitude &15.5 (the faintest galaxy among small

each group for a sample of 16 selected GEMS groups, with theCrosses in the 11459Gn the B-band. Our tar :
. . . - . get galaxies of the
Parkes radio telescopilborn et al. 2009. From this H 11459G are located around the BGG as well as in the outskirts

survey, we selected a sample of 31 systems wittétections, ¢ the group. On the other hand, many of our sample galaxies
which are located within 1.5 Rooo and+ 3 x group (gl‘oup in the N4636G are located around Rﬁ)o

velocity dispersiop in these two group¢ll galaxies in the Figure 2 also displays the distributions of the sample
11459G and 20 galaxies in the N4636Gince the primary  galaxies on the projected phase-space diagR®D), which
selection criterion is the presence of, hich Implles that the allows us to probe a projected distance from the group center
sample galaxies may have a cold ISM with potentially (r/ R,o0 normalized byR,o9 and a line-of-sight velocity with
molecular gas, our targets show a variety of morphologicalrespect to the systemic velocity of the gropV/ group
types, from dwarfs to spiraf§able 1), with a wide range of  normalized by the group velocity dispersiosimultaneously.
stellar massegl.6x 10°~4.9x 10'°M,; Table1) and Hi gas Some of our group targets, with a highv/ goup @bove the
masse$3.1x 10-7.5x 10° M, ; Tablel, Kilborn et al.2009. curve of the maximum escape velocity, may just pass through a

Figure 1 shows the locations of our sample in the 11459G group, but they can still be affected by all group environmental
and the N4636QGred circles: detection of CO, black circles: effects during this oney-by trip.
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Figure 1. Distribution of sample galaxies in the 114548ft) and the N4636Qright). Our targets are indicated by open cirdlesd: detection of CO, black:
nondetection of CP Open diamonds display some of the samples, which display asymmetaod-br CO distributions. Green large cross in each panel is the
BGG. Small crossef@ray: late-type, yellow: early-typeepresent galaxies taken from the H Perleda database, which are also withiR;3¢5ddashed circles,
11459G: 0.55 Mpc, N4636G: 0.70 Mpand+ 3 X 40, (11459G: 223 km 3%, N4636G: 284 km3') and brighter than the absolute magnituds d6.5(the faintest
galaxy among small crosses in the 11459Gthe B-band. The bar in the bottom-left corner represents the physical scale of 0.25 Mpc.

The general propertigg.g., coordinates, stellar masses, H miss some CO ux. The missing ux problem is discussed in
gas masses, star formation ratgfour sample are summarized Sections4.2 and5.2
in Tablel. Based on the prediction for the molecular gas surface density
at the edge of the star-forming dife.g., 4M. pc?
Schaye 2004, we aim to reach a gas surface density of
4M. pc? in 5 in a beam with a velocity resolution of
20km st Adopting the Milky Way CO-to-bl conversion
factor ( co = 4.35 M. pc2 (K km 53/1)31; Strong & Mat-
tox 1996 Bolatto et al.2013, the requested sensitivity is 14.6
mJy beami® over a velocity resolution of 20 knis

3. Observations and Data
3.1. Observations

Our CO imaging observatior{project ID: 2019.1.01804.S;
Pl: B. Leg of group galaxies were carried out using the
ALMA/ACA in Cycle 7 (2019 October to 2019 Decemher
While the ACA consists of 12 antennas of 7 m diaméiee
7 m array and four antennas of 12 m diamefére total power
array), we only used the 7 m array, witt591 antennas in our
observations. The mean precipitable water vapor value was 3.6 The ACA data were calibrated using the standard ALMA
mm during the observations. pipeline in the Common Astronomy Software Applications

Four spectral windowgSPW 1, 2, 3 % were set up to  packagdCASA, version: 5.6.48; McMullin et al.2007). After
observe CO(J = 1-0) ( rest = 115.271GHY line and calibration, the continuum is subtracted liting the line-free
CN(N = 1-0; J = 3/2-12) ( rest= 113.491 GHy line in channels with thevcontsub task. Cleaned CO data cubes of
the upper sideban@SPW 1 and P and 3 mm continuum individual samples are created using ttlean task in the
emission in the lower sideba(@PW 3 and X Each SPW has  CASA package. The clean regions are carefully selected by
a total bandwidth of 1875 MHg 5000 km §*) and a channel  visual inspection for every channel of the cubes. In particular,
width of 1.13MHz( 3kms?Y). the mosaic images of 15 galaxies observed with multiple

The size of the primary beam is87 . The most typical pointings were produced by setting the subparameter
extent of CO gas in late-type galaxies is 5% of the inner  gridder = “ mosaic ” inthetclean task. To increase
part of the optical diske.g., Schruba et a2011). In order to the signal-to-noise rati(s/ N) of the data and to recover faint
cover the entire CO disk, 15 out of 31 galaxies were observedCO emission, natural weighting was applied, and the channel
in mosaic mode. The number of mosa@ds varies from two  width of the cleaned cubes was binned into a velocity
to 13 pointings, which depends on the apparent size of eachresolution of 20kms®. The nal data cubes have a
target galaxy. The reét6 targetsof the sample were observed synthesized beam of 14 x 9 with a pixel size of 2
by a single pointing. The largest recoverable angular §oale The noise level is measured using line-free channels. The
the maximum recoverable scgMRS)) in our ACA observa-  typical rms noise level is 12.4 mJy beam' over a channel
tions is 59, corresponding to 7.8 kpc at 27.2 Mp¢l14590Q width of 20 km §1, which is measured prior to the primary
and 3.9 kpc at 13.6 Mp&N4636Q, respectively. With this  beam correction. The synthesized beam sizes and rms noise
MRS, we expected that our proposed observations using onlylevels for individual galaxies are listed in Tal@eThe nal
the 7 m array could recover most of the totak. Thus, we did data cubes are corrected for primary beam attenuation with the
not include the total power array. However, we may possibly impbcor task.

3.2. Data Reduction and Imaging

5
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Figure 2. Distribution of sample galaxies on the projected phase-space difgfarii459G, right: N4636% Symbols are the same as in Figlr& he x-axis is a
projected distance from the group cerftéRoq Normalized byRyq0). They-axis is a line-of-sight velocity with respect to the systemic velocity of the droup

group NOrmalized by the group velocity dispergiomihe dashedsolid) line indicates the averaggthe maximurh escape velocity as a function of the projected
distance from the group centf Ryoq).

For each galaxy, we obtained a detection mask from thesample galaxies, we made use of the complementary data,
cleaned data cube, using the Source Finding Applicationincluding the far-ultraviolefFUV), near-ultraviolet(NUV),
(SoFiA) software(Serra et al2015h Westmeier et al202]) infrared, and H images. For calculating the stellar masses and
with a 3 threshold for reliable detection. In particular, the data SFRs, we assume a Kroupa initial mass funct{tvF;
cube was convolved with several smoothing kernels, which arekroupa2007). First, to obtain an estimate of the stellar masses,
Gaussian lters with FWHM equivalent to 0, 3, and 7 pixels on we utilize the photometric pipeline of Wang et (@017 with
the sky plane, and a threshold-based detection mask waghe 3.4 m data(W1 bang and 4.6 m data(W2 band of the
produced for each smoothed version of the cube. Tied Wide- eld Infrared Survey ExploreWISE; Wright et al.
detection mask is a combination of all these masks. Such &01(). We derive the stellar mass of the sample galaxies using
smooth+ clip (S + C) procedure is good at detecting low the W1 luminosity with a WAW2 color-dependent mass-to-
density and diffuse structures. Then, a reliability parameter ofjignt ratio (Jarrett et al2017 (for details, see Section 3 of
the detection should be calculated by SoFiA by comparing theyyang et al2017. The typical error of the stellar mass is 0.15
statistics of the distribution of negative and positive pixels, yex. ‘With a combination of the Galaxy Evolution Explorer
based on the assumption that the noise has a rough symmetr'@ALEX) FUV data(Martin et al.2009 and the 22 m data
distribution around zero, and thus the noise pattern of positive(W4 band from WISE (Wright et al.2010, we also derive the
pixels should be similar to that of negati\{e pixels. We r(_afer thedust attenuation corrected SFR by u,sing the equations of
readers to Serra et @0159 for more details on the algorithm. Calzetti(2013. The FUV and W4 uxes trace the dust-free and
Because theeld of view is relatively small for some of our o4 aenyated part of the total SFR in a galaxy, respectively.

B o reia et er Wen he FLV Lt have too low (< 1, e use GALEX
y P Y9 Y- ' NUV uxes to estimate the dust-free part of the SFR.

manually in t h tection mask to remove fal . .
anually inspect each detectio ask 10 Temove 1ais€ o some of our sample galaxies, there are recent high-

detections. By applying thenal detection masks for the ; . )

: : X . resolution H imaging data. For the 11459G sample, 10 out of
sar;\ple gaIaX|es|, we gelnerated integrated CO |nter|1$|'gy mapy, galaxies Weregdeg[ected in the ASKAP BE(mepBooIardy
((j(i);penrg?nernyﬁa\éeszonc(;t);n:n?err;aps(lst momen); and velocity Engineering Test Arrgysurvey(Serra et al20153. In the case

: ; : of the N4636G sample, 18 out of 20 galaxies were detected in
The CN line data were reduced intoal productgi.e., data the WALLABY pilot survey (Koribalski et al.2020. For

cubes, moment maps the same manner as the CO data. In ¢
addition to the line data, we created 3 mm continuum images\GC 4536 and NGC 4772, we use the ithaging data of the

by averaging the line-free channels in four SPWs. The results!VA (the VLA Imaging survey of Virgo galaxies in Atomic

of the CN and continuum data are in AppendiBeandE. gas, Chung et aR009. In _total, 28 out of 31_ sample g_alaxies
( 90% have resolved Himages. The spatial resolutions for

3.3. Ancillary Data the ASKAP BETA, WALLABY pilot survey, and VIVA are
~ 60 (7.92 kpg, 30 (1.98 kpg, and 18 (1.19 kpg, respectively.
To estimate the stellar mas¢bk), SFRs, and HHmasses of  These H imaging data are useful for a comparison of the CO
galaxies in our sample and to investigatedistribution of the distribution of group galaxies. We adopted thedés masses
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Table 2
CO Observational Parameters of Sample Galaxies in Two Groups
Name bmajx bminx bPA ms Nmosaic Hi Imaging Data
( x ,deg (mJy beari?)

@ @ ©) (O] ©)
IC 1459 Group

ESO 406-G040 14.2 8.9, 102.8 14.6 1 ASKAP BETA
ESO 406-G042 14.% 8.9, 102.3 13.9 1 ASKAP BETA
DUKST 406-083 14.% 8.9, 103.5 13.9 1 L

IC 5264 14.2x 8.9, 103.2 13.1 1 ASKAP BETA
IC 5269B 14.2< 8.9, 101.8 10.7 3 ASKAP BETA
IC 5269C 14.2%¢ 8.8, 103.0 13.9 1 ASKAP BETA
IC 5270 14.2< 8.9, 102.3 10.1 3 ASKAP BETA
IC 5273 14.1x 9.0, 100.2 11.5 2 ASKAP BETA
NGC 7418 14.1x 9.0, 101.3 9.2 5 ASKAP BETA
NGC 7418A 14.2 8.9, 103.5 13.1 1 ASKAP BETA
NGC 7421 14.% 8.9, 103.2 13.8 1 ASKAP BETA

NGC 4636 Group

EVCC 0854 14. 10.1, 97.0 13.9 1 WALLABY npilot
EVCC 0962 14.% 9.9, 101.4 13.3 1 WALLABY pilot
IC 3474 14.2x 9.8, 102.0 13.7 1 WALLABY pilot
NGC 4496A 14.1x 9.9, 101.8 8.8 6 WALLABY npilot
NGC 4517 14.x 9.7, 94.9 11.4 8 WALLABY npilot
NGC 4517A 14.1x 9.7, 97.0 14.3 1 WALLABY pilot
NGC 4527 14.1x 9.9, 96.8 11.7 5 WALLABY npilot
NGC 4536 14.1x 9.8, 99.8 8.7 13 VIVA
NGC 4592 14.0¢< 9.5, 100.5 114 3 WALLABY pilot
NGC 4632 14.0< 9.7, 95.6 10.9 3 WALLABY pilot
NGC 4666 13.% 9.6, 99.4 111 3 WALLABY npilot
NGC 4688 14.1x 10.0, 91.1 10.1 5 WALLABY pilot
NGC 4772 14.x 9.8, 92.7 12.1 3 VIVA
UGC 07715 14.% 10.0, 96.1 13.9 1 WALLABY pilot
UGC 07780 14.% 10.0, 96.0 14.7 1 WALLABY pilot
UGC 07824 14.% 9.9, 94.8 145 1 L

UGC 07841 14.x 9.8, 95.7 14.2 1 WALLABY pilot
UGC 07911 14.% 9.8, 93.4 145 1 WALLABY npilot
UGC 07982 14.x 9.9, 92.6 11.7 3 WALLABY pilot
UGC 08041 13.% 9.6, 98.3 11.2 3 L

Note. (1) Galaxy name(2) beam sizémajor and minor axg@sbeam position angl€3) rms noise level per channel of the CO dédathe number of mosaicelds;(5)
the HI imaging data that we use in FiguseSee the detailed descriptions of Hnaging data in Sectio8.3.

from previous Parkes observatiofi§lborn et al. 2009 for to be at large group-centriadii, while those in the 11459G
homogeneity andux completeness. The stellar masses, SFRs,tend to be at smaller group-centric radii. We discuss this in
and Hi gas masses of our sample are summarized in Table detail in Sectiorb.3.

4.2. CO Properties
The integrated COux is measured in Jy kn$ usin
4.1. CO Detections 9 (Sco) y g

o : So ( Bd V% (1)
We detected CO emission in 16 out of 31 galaxies from

both the 114596/ 11) and the N4636G&10/ 20). The stellar ~ WhereFco is the total ux of CO in each channel, v is the
mass range of galaxies with CO detection K0°S 10*°M, velocity resolution(20 km s°%) of the CO data cube. For the
(Figure3); all of these are spiral galaxies. Figdrshows the integrated CO ux, all pixels within the detection mask are
CO distribution overlaid on DSS2 blue optical images. On summed over channels. The uncertainty of the integrated CO
the other hand, galaxies witht CO detection tend to have  x js calculated by
lower stellar masseg< 9.4x 10° M ; see Figure3), and
their morphological types are dwarfs and spifigure 29 (Sco) \/( T imNsea) V¥ ( P4/400), (2
in AppendixF). Both Figuresl and2 show the distributions i ) )
of all sample galaxies on the projected sky plane and on theVhere msis the rms noise level of the data cube, algehmis
projected PSD. Red and black open circles indicate COthe number of beams in the emission region of each channel.
detections and nondetections ©O, respectively. Interest- The rst term of Equatiorf2) is the measurement error of the
ingly, most of the CO-detected galaxies of the N4636G tendintegrated CO ux, and the second term is a typical absolute

4. Results

7
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Figure 3. The histograms show the stellar mass distributions of CO-detgrtsl) and non-CO-detectg@lack solid ling group samples. Left panel: all sample
galaxies, middle panel: the 11459G, right panel: the N4636G. The stellar mass range of galaxies with CO deted Me .

ux accuracy(5% in Band 3, ALMA cycle 7 proposer where o is a CO-to-H conversion factor in
guide.®® The integrated CO ux and its uncertainty are M, pc>?(Kkms>h)>t,
summarized in Tabl8. We apply two different CO-to-ftonversion factors. First, we

For galaxies with nondetections, the @pper limits of CO  use the metallicity dependent CO-tg-ltonversion factor

ux are estimated using the rms noise level. To calculate thecalculated using Equatio25) of Accurso et al.(2017.
upper limits, we assume that the size of the CO-emitting area id-ollowing the approach of Zabel et 42019, we do not
the same as the beam size and the line width of the CO diskconsider the distance from the main sequ¢ndé¢S). The MS
corresponds to an FWHM of Hgas. We adopt values of the parameter does not sigeantly in uence the results of the
FWHM of H1 gas(Table3) from the GEMS-H observations  calculation of the metallicity dependent CO-tg-¢bnversion

of Kilborn et al.(2009. factor (Zabel et al.2019. We also follow the approach of
In our sample, CO emission ofve galaxies(NGC 4517, Zabel et al(2019 to calculate the metallicities of our samples

NGC 4527, NGC 4536, NGC 4632, NGC 4666 the N4636G because we do not have metallicities of individual galaxies. To

was also detected in previous single-dish observatBoselli derive the metallicities of individual galaxies, we use the mass

et al. 2014a Sorai et al.2019. Except for NGC 4517, four = metallicity relation of Sanchez et §2017). As a result, the

galaxies have resolved CO maps from the CO Multi-line Imaging metallicity dependent CO-tozHtonversion factor here mainly

of Nearby Galaxie$COMING) project (Sorai et al.2019. To depends on the stellar masses of galaxies. Therefore, the low-

estimate how much of the total CQix we recover in our ACA mass galaxies have higher conversion factors. Second, we also

observations, we compared the C@X of our ACA observations ~ adopt cg= 4.35Me pc>? (Kkm $>1)>* (Xeo= 2x 107 cnr?

with that of previous single-distbservations from the literature. (K kms>%)>%; Strong & Mattox1996 Bolatto et al2013. This

The ux ratio between our ACA data and the single-dish data CO-to-H, conversion factor includes a factor of 1.36 for helium

ranges from 0.5 to 0.9. The average ratio of three galaxies ~abundance correction.

(NGC 4536, NGC 4632, NGC 46pas 0.9, but two galaxies The CO line width is measured at 20M0,co and 50%

(NGC 4517, NGC 4527 show relatively low ux ratios (Ws0 co of the peak ux using SoFiA. The CO line widths, CO

(NGC 4517: 0.5 and NGC 4527: )."Ve may miss some CO luminosities, and Fimasses for our sample of group galaxies
ux of large-scale structurelsat are larger than the maximum are summarized in Table. The details of the CO data for

recoverable scalgs9 ) of our ACA observations, especially for individual group galaxies with CO detections are described in

galaxies with a large angular size of the optical dide also  Appendix.

Appendix D of Leroy et ak2021) for a detailed description of the

missing ux as a function of CO disk sige

The CO luminosityL@) is calculated using the following 4.3. Pecuhar CO Structures

equation(Solomon & Vanden Bou2005: We nd that some of our group samples show peculiar CO
2 2 3 structures in their CO intensity maps, CO velocity maps, and
L& 325 10Sco @D’ (1 2 (3 position-velocity diagramgPVDs), as seen in Figuréand the

in Kkms>!'pc where So is the integrated CO ux in CO atlas of our group members in Appendi These
Jykm 2, D, is the luminosity distance in megaparsegssis peculiarities are such agl) a highly asymmetric CO

: : i ; - distribution,(2) a hole in the central regio(3) a large offset
tLhe otk;servmg frequc:ncy n GHZ'I adT, the redsrgftt. Us!ng q > 1 kpg between the CO peak and the optical ceri@ bar-
c@ the F masses for our sample galaxies are determined a r ring-like structure, andg5) a high molecular gas surface

My, Bool®, (4) density(> 100M, pc?) in the central region.
39 hitpst/ almascience.nao.ad.jocuments-and-todlsycle7 alma- 1. Asymmetric_ CO distributionIC 52641 IC 5273, _and
proposers-guide NGC 7418 in the 11459G show highly asymmetric CO
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Figure 4. The CO distribution(contour$ of 16 group galaxies is overlaid on the Digitized Sky Survep3S2,https!/ archive.stsci.edwulsd index.htm) blue
images. The contour levels from outer to inner, indicating the molecular gas surface density, are shown at the bottom of each panel. The gwfabe densit
molecular gas is calculated by adoptingo = 4.35M, pc®2 (K km s°1)°* (Strong & Mattox1996 Bolatto et al.2013. In this calculation, we did not apply an
inclination correction. Galaxies in the 11459G are shown in teetwo rows(their names in blyeand galaxies in the N4636G are shown in the second three rows
(their names in blagkThe green cross indicates the stellar disk center, which is obtained from Spitzeraé(Salo et al2015. The bar in the bottom-left corner
represents the physical scale of 2 kpc. The synthesized beam is shown in the bottom-right corner.

distributions. For IC 5264, the CO disk in the west side is
shrunken, compared to the extent of the CO disk in the
east side(49 ( 6.5 kpg in the west side versus 57

( 7.5 kpg in the east side, Figu®). The CO gas also
appears to be extended toward the southwest. The 60% of

9

the total CO ux is measured in the southern part below
the major axis of IC 5264, compared to the Q& in the
northern part. In IC 5273, a CO clump is located at the
southwest edge of the stellar digkgure4); its distance
from the optical center is 8.8 kpc. The C@x of this
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Table 3
CO Data Parameters of Sample Galaxies in Two Groups
Name W50, HI WZO, co \/\/50Y co coO Ppak Flu}( CcoO F!UX |Og |_v%% IOg MHZ, MW IOg MHZ,var
(km s} (km s} (km s°Y) (Iy km st beant?) @y km$Y (Kkm s°1 pcd) (Me) (Me)
@ @ (©) ) ® (6) O] ®) (C)
IC 1459 Group
ESO 406-G040 42 L L L <13 <6.36 <7.00 <7.19
ESO 406-G042 121 L L L <21 <6.57 <7.21 <7.24
DUKST 406-083 83 L L L <1.7 <6.49 <7.12 <8.42
IC 5264 94 356 331 17.6 5456 3.6 7.96+ 0.03 8.60+ 0.03 8.54+ 0.03
IC 5269B 228 156 149 1.8 480.7 6.89+ 0.74 7.53+ 0.07 7.49+ 0.07
IC 5269C 172 L L L <2.45 <6.64 <7.28 <7.31
IC 5270 101 230 198 26.1 100#45.5 8.26x 0.02 8.90+ 0.02 8.85+ 0.02
IC 5273 196 152 110 135 60£33.7 8.04+ 0.03 8.67+ 0.03 8.60+ 0.03
NGC 7418 207 206 175 34.6 302:215.4 8.74+ 0.02 9.37+ 0.02 9.2%+ 0.02
NGC 7418A 180 L L L <24 <6.63 <7.27 <7.32
NGC 7421 129 151 70 4.3 37627 7.83+ 0.03 8.47+ 0.03 8.40+ 0.03
NGC 4636 Group

EVCC 0854 62 L L L <15 <5.82 <6.45 <7.75
EVCC 0962 27 L L L <0.9 <5.62 <6.26 <7.55
IC 3474 147 L L L <2.2 <6.00 <6.64 <6.88
NGC 4496A 154 127 102 4.6 36132.4 7.21+ 0.03 7.85+ 0.03 7.86+ 0.03
NGC 4517 301 298 275 28.6 449422 .9 8.31+ 0.02 8.95+ 0.02 8.88+ 0.02
NGC 4517A 154 L L L <24 <6.03 <6.66 <6.72
NGC 4527 356 411 370 372.6 1638082.1 8.87+ 0.02 9.51+ 0.02 9.44+ 0.02
NGC 4536 324 354 325 214.5 608:930.6 8.44+ 0.02 9.08+ 0.02 9.02t 0.02
NGC 4592 198 109 40 1.9 13831.7 6.78+ 0.06 7.42+ 0.06 7.46+ 0.06
NGC 4632 223 236 205 13.4 115t86.4 7.72+ 0.02 8.36+ 0.02 8.39 0.02
NGC 4666 324 409 387 154.3 147®773.7 8.82+ 0.02 9.46+ 0.02 9.40+ 0.02
NGC 4688 44 L L L <0.9 <5.61 <6.25 <6.52
NGC 4772 38 156 52 4.5 27H 2.2 7.10+ 0.04 7.74 0.04 7.66+ 0.04
UGC 07715 29 L L L <1.0 <5.66 <6.29 <6.59
UGC 07780 117 L L L <21 <5.98 <6.22 <7.49
UGC 07824 101 L L L <2.0 <5.95 <6.58 <6.85
UGC 07841 104 L L L <19 <5.94 <6.58 <6.75
UGC 07911 107 L L L <2.0 <5.96 <6.60 <6.60
UGC 07982 214 202 176 6.4 41+32.8 7.27+ 0.03 7.91+ 0.03 7.95+ 0.03
UGC 08041 175 129 102 2.3 8.401.1 6.56+ 0.06 7.20+ 0.06 7.21+ 0.06

Note. (1) Galaxy name(2) the H1 line widths measured at 50% of the peaix (Kilborn et al.2009; (3) the CO line widths measured at 20% and 50% of the peak
ux using SoFiA{4) the peak value of CO intensity m&p) the total CO ux; (6) the total CO luminosity(7) and(8) the total molecular gas mass derived from the
CO luminosity using the constant CO-tg-ebnversion factof co= 4.35Me pc>2 (K km s°1)>%) and the metallicity-dependent CO-tg-tbnversion factor.

clumpis 3Jykms$?*, which corresponds to5% of the

total CO ux. While the CO distribution of NGC 7418
follows well the spiral arms of the stellar disk, a long CO
structure in the southeast part of the CO disk is extended

image, with 50% of the total CO ux. In the case of
NGC 4772, there are two discrete CO regions. In
particular, the southeast region hag5% of the total
CO ux. In addition to no CO emission in the central

upto 11.4 kpc from the center of the stellar disk. On the
opposite side, however, the extent of the CO disk is about
7.8 kpc. Two galaxiegNGC 4632 and UGC 08041in

the N4636G also show asymmetric CO distributions. The
CO disk of NGC 4632 is more extended toward the
northeast sidéB0 ( 5.3 kpg in the northeast versus 61

( 4.0 kpg in the southwe3t UGC 08041 has a very
extended CO structure in the southern 88 ( 3.5

kpc) in the south versus 13 0.9 kpq in the north.

. No CO emission in the central region and large offset
between the CO peak and the optical center seen in
Figure 4, our ACA CO data do not show any CO
emission in the central region of two galaxiR&C 7421
in the 11459G and NGC 4772 in the N4636Gontrary to
our other samples. Instead, NGC 7421 has a relatively
strong CO emission in the southwest region of the optical
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region, these two galaxies show a large offset between the
CO peak position and the optical centeee Figured5

and 23). The offset distances are 4.8 kpc in NGC 7421
and 2.1 kpa(NGC 4772, respectively. Interestingly, the
CO peak of NGC 4496A is also found at the northeast
edge of the CO disksee Figurel6), and the distance
between the peak position and the center3%kpc.

. Bar- or ring-like structure and high surface density in the

central region The CO PVDs of NGC4527 and
NGC 4536 in the N4636G clearly show a steep velocity
gradient in the inner regidisee Figured8 and19). This
indicates a presence of a bar- or ring-like structure in the
central region(e.g., Alatalo et al2013. The rapidly
increasing velocity structures of these two galaxies are
also seen in the central region of their velociéyd maps
(Figuresl8and19). In addition to the presence of distinct
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CO structure in the central region, these two samples andNGC 741§. In addition, external perturbations can directly
NGC 4666 show relatively high molecular surface compress CO gas. These phenomena are already known from
density (> 100M, pc>?), compared to other member previous studies of cluster galaxi@hung & Kim 2014 Lee
galaxies(Figure4). et al.2017 Lizée et al2021), but similar results are now found
for our group galaxies. The morphological correlations and
connections between two different ISM components suggest
that group environmental processes can saantly affect
Using the H and CO imaging data, we discuss how the both diffuse H gas and dense CO gas.
group environments affect the distributions of cold ISM  IC 5273 shows highly asymmetricitand CO morphologies,
components of galaxies in Sectiénl In Section5.2, we but there seems to be no similarity or no connection between
present scaling relations of the global properties of our groupthe Hi distribution and the CO distribution, in contrast with the
sample and compare them with the global properties in theabove three galaxieC 5264, NGC 7418, and NGC 74R1
XCOLD GASS sample. Finally, we discuss preprocessing inThis suggests that this galaxy may be affected by the
the group environment in SectiérB. Note that although some  environment in a different way. In addition to asymmetric
of our targets are thought to be affected by various groupgistributions of both H and CO, IC5273, NGC 7418,
environmental processes, we byiediscuss external mechan- NGC 7421 also show clearly a lopsided feature in their optical
isms for individual group members in this study. Instead, jnages, which suggests that these three galaxies are likely to be
_cjst_mgwshmg betwee_n various en\_/lronmental processes forytrected by tidal interactions.
individual mempers will be stgdled in more detail in a future (2) Ring-like structureNGC 4632 and NGC 4772 have large
work (€.g., X. Lin et al. 2022, in preparatipn H I outer ring structures, as shown in FigGrén particular, the
position angle(PA) of H1 outer ring of NGC 4632 largely
deviates from that of the inneriHlisk and the stellar disk. The
PA of HI outer ring of NGC 4772 is also slightly different from
the inner H disk (Chung et al2009. The origin of Hi ring
structures could be accretions, minor mergers, and tidal
interactions with other galaxiés.g., see Buta & Combd$96
Barnes 1999 Bettoni et al.201Q and references thergin
Moreover, both NGC 4632 and NGC 4772 show irregular CO
distributions in the inner Hdisks, as described in Sectidr8.
The external perturbations seem to cause not only lange H
outer ring structures but also irregular CO distributions in these
two galaxies.

5. Discussion

5.1. HI and CO Distributions of Group Galaxies

15 out of 16 group galaxies with CO detection in our ACA
observations also havelHmaging data(Chung et al.2009
Serra et al2015a Koribalski et al.2020, and Figures shows
their HI and CO distributions overlaid on their optical images
(DSS2 blug.

Based on their Hand CO distributions, we have classi
the 15 group galaxies into three categorié$: peculiar
distributions in both H and CO (IC5264, IC5273,
NGC 7418, NGC 7421, NGC 4632, NGC 4737%ii) peculiar
distribution in H (IC5270, NGC 4666, UGC 07982 (iii)
relatively symmetric distributions in both IHand CO
(IC5269B, NGC 4527, NGC 4536, NGC 4592nteresting

features of group members are byiessummarized in Tablé. 5.1.2. Peculiar Distribution in H

The HI morphologies of three galaxid€ 5270, NGC 4666,
UGC 07982 appear to be asymmetric, but their CO distribu-
tions are smooth and undisturbed. Near the north of IC 5270,
NGC 7418, NGC 7421 show asymmetric morphologies in there are two H clouds, as seen in Figuke Although the H
both CO and H. In particular, their H distributions are  disk does not look asymmetric, these twa Klouds are
extended toward one side. On the opposite side of the lang H possibly stripped from IC 527(Berra et al20153, which is
extensiqns, the Hdisks are truncated near or within the Suggestive of evidence for tidal interactio(ﬁerra et al.
stellar disk. o . 20153. In NGC 4666, the outer part of Hlisk extends farther

For IC5264, as shown in Figurg the Hi gas is more ot toward its neighbor galaNGC 4668, which indicates
extended toward the southeast. On the opposite side, the Hinat the H morphology is strongly disturbed by the interaction
disk is truncated within the stellar disk. This asymmetric H | i the neighboring galax{Figures). The direction of the H

5.1.1. Peculiar Distributions in Both CO andIH
(1) Asymmetric structurg=our galaxiegIC 5264, IC 5273,

distribution is analogous to the CO distribution of IC 5264 as
described in Sectiod.3. Interestingly, a locally strong CO
emission is found at the edge of the truncated ditk. In
NGC 7421, the H disk is pushed away to the northeast. On the

opposite side, there is a relatively strong CO emission with the

CO peak(Figureb). In the case of NGC 7418, while a long H
tail is seen in the northwest, thel disk is compressed in the

tail of NGC 4668 is also toward NGC 4666. The previous H
observations with the VLA also show clear signs of interaction
between NGC 4666 and NGC 46@&e more details in Figure

5 of Walter et al2004). In UGC 07982, the northern part of the
H1 disk is truncated within the stellar digkigure 5). In
addition, the H gas is slightly extended toward the west side.

southeast. In particular, an extended CO emission is found afiowever, the stellar disk of UGC 07982 looks undisturbed.

the site of H compression in NGC 741@igure5).

In these three galaxies,Ildompression at the truncated side
of the HI disk may lead to an increase in fas density, which
likely triggers an efcient transition from H gas to B gas
(Chung & Kim 2014 Lizée et al.2021). Consequently, this

This suggests that UGC 07982 is likely to be undergoing ram
pressure strippinRPS in the N4636G. Indeed, this galaxy is
identi ed as the RPS galaxy, based on an analysis of the ram
pressure level against the restoring force in the disk for
UGC 07982. Further details of the RPS for UGC 07982 and

conversion process is likely to result in the local enhancemeniother galaxies in the N4636G will be presented in X. Lin et al.

of CO (IC 5264 and NGC 742land the extended CO structure
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2022, in preparation.
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1C5264 1C5269B IC5270

2kpe 1248 10%cm 2Xpc L4.8x100cm2 O 2kpe L48x10%cm= O

IC5273 NGC7418 NGC7421

2Kkpe 148x100m> O 2 kpc 124 x10%cm? O 2kpe L2.4x10%m>

NGC4496A NGC4517 NGC4527

2Kpe L 4x10%m? O 2kpc 1.416x10%cm O 2kpe 1416 x10%cm™ O
NGC4536 NGC4592 NGC4632

2kpe L1416 x 100cm? o 2Kpc 14816x10%cm ° 2kpc 14 8x10%m? O
NGC4666 NGC4772 UGC07982
NGC4668

2kpe 1.4 8x100m o Zkpc 124X 10%m O 2kpc 1.24x10%m O

Figure 5. H I (contour$ and CO distributiongcolor scalg of 15 group galaxie¢the rst two rows: six galaxies in the 11459G, and the second three rows: nine
galaxies in the N4636)Gare overlaid on their optical imag@3SS2 blug. In each CO map, while a cyan color indicates a low-intensity value, a magenta color shows
a relatively high-intensity value. Contour levels of the ¢&s are shown at the bottom of each panel. Theisendges are from the ASKAP BETA dafSerra

et al.20153 for the 11459G, the WALLABY pilot datéoribalski et al2020 for the N4636G, and the VIVA da{€hung et al2009 for NGC 4536 and NGC 4772

in the N4636G. The green cross indicates the stellar disk center. The bar in the bottom-left corner represents the physical scale of 2 kpzetheegmthesiCO

(blue ellips¢ and HI (black open ellipseobservations are shown in the bottom-right corner.
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Table 4
Information for CO antor H 1 Distributions

Name CO Asymmetry Value Peculiar Distribution Notes

IC 1459 Group

IC 5264 0.30 CO,H asymmetric CO and Hdistributions

IC 5269B 0.50 L low SN in CO data

IC 5270 0.10 H two H1 clouds near IC 5270

IC 5273 0.38 CO,H CO clump(southwest

NGC 7418 0.34 CO, H extended CO structurgoutheast H 1 tail (northwesyt
NGC 7421 0.68 CO, H strong local CO emissiofsouthwest

NGC 4636 Group

NGC 4496A 0.49 Cco off-center CO peéhortheast

NGC 4517 0.20 L symmetric CO and Hdistributions

NGC 4527 0.17 L symmetric CO and H distributions

NGC 4536 0.16 L symmetric CO and Hdistributions

NGC 4592 0.50 L clumpy CO distribution, low S\ in CO data

NGC 4632 0.51 CO, H asymmetric CO distribution, Hpolar ring structure

NGC 4666 0.15 H asymmetric H distribution, close neighbor galaxy

NGC 4772 0.57 CO, H asymmetric CO distribution, Houter ring structure

UGC 07982 0.25 H asymmetric H distribution

UGC 08041 0.70 CO asymmetric CO distribution, loiWNSn CO data, no H image

Note. (1) Galaxy hame(2) CO asymmetry valug3) peculiar distributions of CO ahdr H1; (4) notes for CO anicbr H1 distributions of group members.

5.1.3. Symmetri&mooth Distributions in Both Hand CO dense environmentHolwerda et al.2011h Reynolds et al.

Four galaxies(IC5269B, NGC 4527, NGC 4536, NGC 2_02(),_ itis alsc_) expected that (6{0) gsymmetry values tend to be
4592 show relatively symmetrismooth distributions in both ~ Nigh in galaxies undergoing environmental procegsges.,
H1 and CO, compared to other group samples mentionedtidal interaction and RBSIndeed, our results support the

above. Although the CO distributions of some galafeg.,  hotion that high CO asymmetry values can be found in the
IC 5269B and NGC 4592appear to be somewhat clumpy due group environment.
to the low $N of the CO data, the Hdisks of four group However, somde.g., IC 5269B, NGC 4592of our group
samples are symmetric and smooth, indicating that there maynembers also tend to have high values of the CO asymmetry
be no external perturbations. parameter, although these galaxies are not likely to be affected
by environmental processes, based on their symmetrand
5.1.4. Asymmetry Parameter for the CO Intensity Map optical morphologies. Instead, in these galaxies, clumpy CO

structures due to the low B of the CO data could result in
high values in the CO asymmetry.

In this analysis for the CO asymmetry parameter, our results
uld be biased due to the small sample i¥& group
members for the asymmetry analysiBherefore, more group
galaxies are required to obtain a statistically robust result.

In addition to probing peculiar gas distributions qualita-
tively, we also calculate the asymmetry param@egg,) using
the CO intensity maps to estimate the degree of asymmetry, .
guantitatively. The asymmetry of the CO image is calculated
using the following equatiofConselice et aR00Q Holwerda
et al. 20113 Giese et al2016:

ij 10,J)¥ lisol j) , )
Amap 245 1(.) , (5 5.2. Comparisons of Global Properties between Group
L 2 Galaxies and xCOLD GASS Galaxies
wherel(i, j) is the CO intensity map, arlgsi, ) is the same In this section, we present scaling relations of global

CO intensity map rotated by 18With respect to the center of measurementé.g., SFR, gas fraction, gas depletion irime

the stellar disk. A high value indicates a high asymmetry of CO our group galaxies, and compare the global properties of group
distribution. The CO asymmetry values for 16 galaxies aregalaxies with those of galaxies in a low-density environment.

summarized in Tabld. Group membergIC 5264, IC 5273, From the comparison, we can investigate how the group
NGC 7418, NGC 7421, NGC 4632, NGC 4j72howing environment affects the global properties of group galaxies. For
asymmetric morphologies from both CO and ihages tend this comparison, we use 240'i§olated galaxies, which are
to have higher asymmetry values, compared to other members€lected based on the Sloan Digital Sky Surf&ySg DR7

On average, the asymmetry value for these six galaxies is 0.4%;%‘;%;%:{2%63;Kgp%i&g‘ég?_% gc,&gsthg;ﬁggggdeﬁi
On the other hand, thg mean.value for sam(jNGC 4517, 2017 with H1 information from the extended GALEX Arecibo
NGC 4527, NGC 453pwith no signs of interactions from both  gpgg SurveyxGASS: Catinella et aR018. The sample of

CO'HI morphologies is 0.18, and galaxielC5270, 240 |ocal isolated galaxie0.01< z< 0.05 ) uniformly
NGC 4666, UGC 07982showing asymmetric morphology in  covering the stellar mass ran¢® < log(Ms/ M) < 11.5

only HI have the mean value of 0.17. As previous studies with were observed deeply in bothitdnd CO, which can provide a

H 1 images found higher asymmetry values from galaxies in areference for various scaling relations in local isolated galaxies.
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