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Abstract

We investigate the formation of jellgh galaxies using radiation-hydrodynamic simulations of gas-rich dwarf
galaxies with a multiphase interstellar medi(8M). We nd that the ram-pressure-stripp@P ISM is the
dominant source of molecular clumps in the near wake within 10 kpc from the galactic plane, while in situ
formation is the major channel for dense gas in the distant tail of the gas-rich galaxy. Only 20% of the molecular
clumps in the near wake originate from the intracluster me@iGM); however, the fraction reaches 50% in the
clumps located at 80 kpc from the galactic center since the cooling time of the RPS gas tends to be short owing to
the ISMHICM mixing (10 Myr). The tail region exhibits a star formation rate of 0-@A1M, yr *, and most of

the tail stars are born in the stripped wake within 10 kpc from the galactic plane. These stars induce bright H
blobs in the tail, while H tails fainter than & 10*erg s * kpc 2 are mostly formed via collisional radiation and
heating due to mixing. We alsad that the stripped tails have intermediate X-ray-tosHrface brightness ratios

(1.5 Fx/Fy  20), compared to the ISN1 1.5) or pure ICM(? 20). Our results suggest that jelsh features

emerge when the ISM from gas-rich galaxies is stripped by strong ram pressure, mixes with the ICM, and enhances
the cooling in the tail.

Uni ed Astronomy Thesaurus concefslaxy environment2029; Ram pressure stripped ta{3126);
Hydrodynamical simulation&67)

1. Introduction Poggianti et al2016 Jachym et al2017 2019 Sheen et al.
2017 George et al2018, denoting the presence of dense
molecular clouds surrounded by hot gas with temperatures
higher than several million kelvin.

Indeed, extraplanar and tail CO emission is observed from
RPS galaxieflachym et al2014 2017, 2019 Verdugo et al.
2015 Lee et al2017 Lee & Chung2018 Moretti et al.2018.
Some even have massive molecular cloudd,gf _ 10° M. in
their tails(Jachym et aR017, 2019 Moretti et al.2018, with a
hint of star formatioifgsee Jachym et &2017, 2019 for further
detaily. Given that the lifetime of dense molecular clouds is
typically less than 10 Myr in an idealized environment without
ICM winds (e.g., Blitz & Shu198Q Vazquez-Semadeni et al.
2009 and the orbital velocity of a cluster satellite galés.,
wind velocity in wind tunnel experimentss typically less than
a few thousand kilometers per second, the molecular clouds
observed tens of kiloparsecs away from the midplane of a
galactic disk may have been formed in situ, rather than directly
r%tripped from the main body of a gala@dachym et al2017).

Many attempts have been made to understand the impact of
Em pressure stripping on galaxies using numerical approaches.

Ram pressure stripping, characterized by tails, is a key
mechanism that accelerates galaxy evolution in cluster,
environment¢Gunn et al1972 Davies & Lewis1973 Boselli
& Gavazzi2006. Observations have revealed multiphase tails
in H1 (Kenney et al.2004 Oosterloo & van Gorkon2005
Chung et al.2007, 2009 Scott et al.2010 2012 2018,

H (Gavazzi et al2002, Cortese et ak006 2007 Sun et al.
2007 Yagi et al.2007, 201Q Fumagalli et al2014 Boselli

et al.2016 Poggianti et al2017 Sheen et aR017), and even

in X-ray bandgFinoguenov et al2004 Wang et al.2004
Machacek et al2005 Sun & Vikhlinin 2005 Sun et al.
2006 2010, demonstrating that the interstellar medi@ig8M)

is ef ciently removed from a galaxy by ram pressure and
eventually dispersed by interactions with the intracluster
medium (ICM). Although ram pressure stripping is believed
to quench star formation on long timesca(E®opmann &
Kenney 2004a 2004, various empirical and numerical
studies have revealed other complicated effects of ram pressu
stripping on galaxiege.g., Grishin et al2021, Mun et al.
2021). For example, ram pressure can enhance star formation i
satellite galaxies by compressing the ISM in the early stages o
the infall (e.g., Steinhauser et &012 Vulcani et al.2018.
Features associated with young stars are observed in som
ram-pressure-strippe@RPS wakegqe.g., Owers et al2012
Ebeling et al2014 Fumagalli et al2014 Rawle et al2014

isk stripping processes have been intensively examined for
CM winds with various propertigSchulz & Struck2001%
ollmer et al.2001, 2006 Roediger & Brugger2006 2007,

008 Jachym et al2009. Furthermore, studies have explored
the role of magnetic elds in ram pressure stripping
(Ruszkowski et al2014 Shin & RuszkowskR014 Tonnesen

& Stone2014 Ramos-Martinez et a2018. Star formation in

Original content from this work may be used under the terms o pq-yigs and tails is another topic that has been investigated

of the Creative Commons Attribution 4.0 licendeny further i . X X i
distribution of this work must maintain attribution to the aut§and the title using numerical simulation&chulz & Struck2003; Vollmer

of the work, journal citation and DOI. et al.2001; Bekki & Couch2003 Kapferer et al2008 2009
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Kronberger et al2008 Steinhauser et aR012 Tonnesen & the HLLC (Toro et al.1994 and the particle-mesh method
Bryan 2012. However, studies examining the complicated (Guillet & Teyssier2011) to solve the Euler equations and the
interplay between ram pressure and the multiphase ISM driverPoisson equations, respectively. HrMSES-RTversion used
by star formation and stellar feedback are lacking. Lee et al.herein includes a moded photochemistry model for tracing
(202Q hereafter L2Dinvestigated the impact of varying ICM the formation and destruction of molecular hydrogkatz
winds on the multiphase disk of a dwarf-sized galaxy using aet al.2017 Kimm et al.2017), as well as the nonequilibrium
suite of radiation-hydrodynami¢RHD) simulations. They  chemistry and cooling of six chemical species; Hil, Hel,
showed that mild ICM winds with ram pressuPg.{ kg = Hell, Heni, and e (Rosdahl et al.2013 Rosdahl &
5x 10°K cm 2 gradually strip the multiphase ISM from the Teyssier 2015. Atomic metal cooling atT 10°K is
galaxy while enhancing star formation in the disk at least for computed using the CLOUDY cooling modEkrland et al.
400 Myr after the interaction with the winds. In contrast, strong 1999, whereas ne-structure line cooling af 10*K is
ICM winds with Pranf ks = 5% 10°K cm 3, mimicking ram computed using the cooling model of Rosen & Bregman
pressure at a cluster cen{erg., Jung et al2018, quickly (1995. Radiative cooling induced by molecular hydrogen is
remove most of the ISM, suppressing star formation on aalso includeqHollenbach & McKee 1979 Halle &
timescale of 100 Myr. However, no star formation occurs in Combes2013.
the RPS tails owing to the absence of dense molecular clouds, The spectral energy distributions of stars are obtained from
even when the radiative cooling rates are enhanced by théhe Binary Population and Spectral Synthesis model
adoption of a low ICM temperature @f= 10°K. (BPASSsversion 2.0; Eldridge et al2008 Stanway et al.
Although a limited number of cases have been observed thuf016 based on an initial mass functigiMF) with slopes of
far, RPS galaxies with massive molecular clouds in their tails 1.3 for stellar masses between 0.1 and\.5and 2.35 for
are known to be gas-rich in their diskdachym et al. stellar masses between 0.5 and MY (Kroupa2001). We
2017 2019 Moretti et al.2018. Half of these galaxies appear utilize a star formation model that computes star formation
to be located close to a cluster cerftg 300 kpg, perhaps ef ciency based on the local thermo-turbulent cond{omm
experiencing strong ram pressure. Although gas-rich galaxiegt al.2017). Star formation is allowed in cells with hydrogen
are likely to be more resilient to ram pressure owing to their number densityn; higher than 100cn?, but most stellar
high column density(Gunn et al.1972 and strong ISM particles form in cells with,, > 1000 cm *; this is because our
pressure sustained by the active star formdééian, Ostriker thermo-turbulent star formation scheme requires gravitationally
et al.201Q Kim & Ostriker 2018, the strong ram pressure can bound structureéseel 20 for details.
remove a large amount of the ISM from the galaxies. Such The simulation box is covered with Z5@ot cells(level 8),
stripped gas may contribute to the accumulation of cold gas inwhich are adaptively raned to resolve the local thermal Jeans
the galaxy tails via radiative coolin@.g., Armillotta et al. length by at least eight cells until it reaches the maximum
2016 2017 Gronke & Oh2018. The stripped ISM can also be re nement level of 14. The corresponding maximum resolution
mixed with the ICM(Franchetto et aR021), forming H and is 18 pc.
X-ray tails that are different from the pure ISM or Our simulations include various stellar feedback mechan-
ICM (Poggianti et al2019 Sun et al.2021). Motivated by isms, i.e., photoionization, radiation pressure exerted by
these observational and theoretical results, we hypothesize thathotons at wavelengths ranging from UV to [(Rosdahl
the abundant ISM stripped from a galaxy could facilitate et al.2013 Rosdahl & Teyssie2015, and Type Il supernova
molecular clump formation in the RPS tails of gas-rich (SN) explosions(Kimm et al. 2015. Additionally, the SN
galaxies. frequency is increased by a factor ofe. Note that such a
This study aims to understand the formation process ofboost is necessary to reproduce the stellar mass growth and the
galaxies with multiphase gas and young stars in their tails,UV luminosity functions of galaxies & 6 (e.g., Rosdahl
called jelly sh features, via RHD simulations. Secti@n et al. 2018 Garel et al202]) or the mass fraction of stars in
describes the RHD method and the initial conditions of our Milky Way like galaxies(Li et al. 2018. Finally, the metal
simulations. Sectior3 examines the formation of molecular yield from SNe is neglected to allow us to distinguish the
clouds and stars in the disks and tails of simulated galaxies and@ontributions from the ISM and ICM to the gas in a cell.
compares the ndings with observed cases. Sectign Further details about the physical ingredients used in the
demonstrates the correlation between émission and star  simulations are presented 0.
formation activity in an RPS tail. In Secti@nwe discuss the
origin of the H —X-ray surface brightnes¢SB) relation
observed in the RPS tails. Finally, Sect®summarizes the
major ndings. To investigate the conditions for jellgh galaxy formation,
we adopt the same structural properties of the disk galaxy that
were employed irL20 (FaceWind10 ), except that we alter
the amount of disk gas mass. The galaxies initially have a
In this section, we describe our RHD simulations, including stellar mass of 2.18 10° M, with a bulge-to-total mass ratio
the initial conditions of the simulated galaxies and the ICM of f,,4e 0.17 and are embedded in a dark matter halo of mass
wind, and the computation of the Hemissivity. Mhalo= 10" M, and virial radiusR,;; = 89 kpc, as in Rosdahl
et al. (2015. The disk gas metallicites are set to
21 Code Zism= 0.75Z,, where the solar metallicity iZ, = 0.0134
o (Asplund et al.2009. The initial gas mass of thEace-
We use RAMSES-RT (Rosdahl et al.2013 Rosdahl & Wind10 galaxy(L20) is Mgas= 1.75% 10° M., and we adopt
Teyssierr015, which is an RHD version of the adaptive mesh ve times more gas mass in thdowind rich and
re nement cod®RAMSES (Teyssier2002. RAMSES-RTadopts FaceWind10 _rich runs (Mgas= 8.75x 10°M,). As can

2.2. Initial Conditions

2. Simulations
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Figure 1. Initial gas fraction of the simulated galaxigblue star:
FaceWind10 _rich ; red star:FaceWind10 ). Gray circles show the H
fraction-to-stellar mass relation of the local galaxies from the xGASS survey
(Catinella et al.2019. The black solid line denotes the average of the riq e 2 projected views of the gaseous disk of the simulated galaxy. The
Iogar_lthmlc Hi mass fractions weighted by th_e local galaxy stellar mass panels display the face-oftop) and edge-on(botton) views of density-
function(see Catinella et a201§ for further details weighted distribution of the hydrogen number dengit) and temperature
(right) from the Nowind_rich  galaxy att= 135 Myr, i.e., the moment at
be seen in Figuré, these initial gas masses represent a galaxywhich the ICM wind starts iruencing the galaxy.
with a normal or high gas fraction, compared to the local
galaxies in the XxGASS survéZatinella et al2018.

Table 1

Starting from these initial conditions, the gas-rich galaxy Initial Parameters of the Simulations
(FaceWind10 _rich ) is evolved for 250 Myr to ensure that
it enters a quasi-equilibrium state before it interacts with theModel MH iy Viem | Prani ke Mgas
ICM wind. At 250 Myr, the mass of neutral, molecular, and em®  kms?H (Kem?)  (10M)
ionized hydrogen and stars in the galaxy, measured in theNowind_rich 10 ° 0 0 8.75
cylindrical volume of a radius af= 12kpc and a height of ~ FaceWind10 _rich 3x 107 10° 5x 10° 8.75
z== 3kpc, isMy, = 1.93x 10°M,, My, 4.90 16M., q FaceWind10 (L20) 3x 10 10° 5x 10° 1.75

My, = 3.37x 18 M., andM« = 3.22x 10° M., respectively.

. . . . . Note. From left to right, each column indicates the model name, ICM densit
For comparison, before interaction with the ICM wind, g Y

(NH,1cm), ICM velocity (vicwm), ram pressure of the wind, and initial gas mass in

the FaceWindl0 galaxy has My, = 6.43x 10°M,, the disk of the simulation.
My, 262 16M., gMy, = 1.27x 1®M,, and M« =
2.18x 10°M, . Thus, compared to theaceWind10 galaxy Figure 2 shows the projected distribution of the hydrogen

in L20, the FaceWind10 _riCh galaxy has 2.7 times more number density and temperature of the ga|a)¢Fa]_35 Myr
cold gas masgMy, w,) or 1.8 times higher cold gas fraction in NoWind_rich . Due to vigorous stellar feedback led by
(My, 1,/M,) before the rst interaction with the ICM wind. active star formation in the gas-rich disk, the gaseous disk is
We impose an ICM wind from one side of the box after thicker and more feathery than that with a normal gas fraction
150 Myr and dene this epoch as= 0. The ICM wind has a  (see Figure 1 of20).
temperature off,cy = 10°K, metallicity of Zcy = 0.004
0.3Z., and velocity ofvicy = 1000kms?, based on the
observations of nearby cluste(s.g., Tormen et al2004 o . . ]
Hudson et al201Q Urban et al2017. In our ducial model Warm ionized gas witl 10K emits H photons with
(FaceWind10 _rich ), given its initial velocity, the ICM = 6562.8A via the recombination of ionized hydrogen with a
wind starts inuencing the galaxy at 135 Myr, after the free eIgc;ron. Th_e number of I—phot_ons emitted _from a cell
galaxy enters a quasi-equilibrium state. The wind density is seP€" Unit time during the recombination process is
asnyicm= 3% 10 3cm 3 to mimic the ram pressure that a

2.3. Computing H Emission with Dust

B
satellite galaxy would experience in the central regions of Nigree  NeMbn wa(T) B(T) (%%, (D
clusters withM,oo 10*8M, at z= 0 (Jung et al2018 see o
their Figure 10 The simulations are run up t¢ 366 Myr(or ~ Wherene and ny, are the electron and ionized hydrogen

516 Myr in total including the initial relaxation phas@he  number densities in the cell, respectivdlys the temperature
ICM wind of FaceWind10 in L20 is identical to that of ~ Of the gas in the cell, g(T) is the case B recombination
FaceWind10 _rich . For comparison, we also run a control coef cient, 3(T) is the recombination fraction yielding

simulation without an ICM windNoWind_rich ). Table 1 H photons atT, and ( X)* is the volume of each cell.
summarizes the input parameters of the simulations used in thi¥he recombination fraction g is computed using the
study. following t to the recombination coefients given by



The Astrophysical Journal, 928:144(14pp, 2022 April 1 Lee et al.

excitation of H, we use th€HIANTI databaséDel Zanna et al.
2021, version 10, which provides the scaled effective electron
collision strength based on the rules formulated by Burgess &
Tully (1992. We compute the collisional emission under a case
B approximation for collisions up to energy levglere et al.
2019. In practice, the collisional emissivity of Hcan be
approximated as a function of temperatitteKatz et al. 2022,

in preparatioy

6.01 10 q 813 10
TO.230 TO.938

ergcen? st.
()

Note that we neglect the collisional Hmission from a cell if
its net cooling timescale is less than three times the local
simulation time step to avoid spurious emission from cells
Figure 3. Density-weighted projections of hydrogen number denity, where the cooling time is Underrespl\?ed- .
fraction of neutral hydroge(X, ), and fraction of molecular hydrogéK,) The amount of dust in a cell is modeled following the

from theFaceWind10 _rich run att = 366 Myr. The fractions are the mass prescription of Laursen et 4R009:
ratios to the total hydrogen mass. Tail molecular clouds mjth 100 c¢m *

H Bcol

are marked byA andB in the bottom panel. ng  (wy fon M) Z/ %, (8
Storey & Hummer1995: wherend is a pseudo num_ber dpn;ity_ of dust gra}irfs,n is the
fraction of dust remaining in ionized gag, is the gas
¢g(T) 8176 10° 7.461 metallicity, andZ, is the averaged metallicity of a galaxy. In
10 3logTg  0.451T, 01013 (2 this study, we adopk,,= 0.01 andZ,= 0.01 (Laursen et al.
o ) ) 2009. Dust attenuation is then applied by reducing the
whereT, T/ 10"K. The recombination coetient g is taken intrinsic  line emission by exp( 4U)), Mvhere 4 )
from Hui & Gnedin(1997) as (= ingi % an( ) is the sum of dust optical depth along a
B(T) 2753 10 crd g! sight line. The effective cross section per hydrogen at
NS wavelength ( gun( )) is taken from Weingartner & Draine
|

. ©) (2001, assuming Large Magellanic Cloutype dust.
[1_0 ( M |/2-7400'407_| 2.242

where ., = 2x 157,807 K T. 3. Impact of Ram Pressure on Star Formation Activity

Another process that yields Hphotons is collisional Figure3 shows the distribution of gas density, the fraction of
excitation of H by free electrons. The number of Hbhotons neutral hydrogen, and the fraction of molecular hydrogen in the
emitted from a cell per unit time via collisional excitation is FaceWind10 _rich galaxy with prominent tail structures at
given by the end of the simulatioft= 366 Myr). In this section, we

investigate how the tails develop in gas-rich galaxies after
Nigeo Nl G3(D (¥, (4) ncour?tering str Oﬁg ICM winds ar?d ho%/]v stars fgrm in the tail
where ny, is the number density of neutral hydrogen and regions. We .also compare the cases of a gas-rich galaxy in an
Ce (T) is the electron collisional excitation rate cagént for a isolated environmen(NoWind_rich ) and an RPS galaxy
Maxwellian electron velocity distribution a Following H. with a typical gas fractio@FaceWind10 from L20).
Katz et al. (2022, in preparation the electron collisional

o . . 3.1. Star Formation in the Disk
excitation rate coetient is computed as

6 L . Figure4 shows the birthplace of individual stellar particles
e () 8.628 g 10° cm s* i;(T) exp Eij (5 in the NoWind_rich (top panél and FaceWind10 _
1 TL/2 X keT rich (bottom pangl runs at z> 0.1kpc between 0
) o ) _ . Myr t 366 Myr, wherez is the vertical distance from the
where ; is the statistical weight of energy levielE; is the  pjdplane of the disk. The galactic midplane ismied from the
energy difference between levelandj, kg is the Boltzmann  center of galaxy stellar mass in th plane, and the radial
constant, and ;;(T) is the thermally averaged collision distance (R) is measured using the cylindrical coordinate

strength, which can be theoretically obtained as follows: system. For comparison, the stars born before the wind is
g E : launched(i.e., t< 0 Myr) are shown in gray. IfNoWind_
(MY " jexp —=8&d B , (6 rich , no stellar particles form at> 3 kpc aftert= 135 Myr,
| 0 kBT kBT

. . 5 We restart a snapshot at 366 Myr from fFeceWind10 _rich run by
wherekE; is the energy of the scattered electron relative to the agopting a Courant number of 0.¢8 order of magnitude smaller than the

energy levej and ;; is the dimensionless collisional strength typical valtl#) and g_(;n rn:hthtatththe Qollisionfﬁl_ H Iunlﬁin%S_it%( izbﬁonvgrg?d OBV
: st imposing the condition that there is no collisional radiatiofbi sino
that is symmetrid. ;= ;; D_er(? et al.1997. To compute Here we estimate the cooling timg, by dividing the thermal energy by the
ij(T) for the H photon emission from electron collisional  cooling rate in each cell.

4



The Astrophysical Journal, 928:144(14pp, 2022 April 1 Lee et al.

Figure 4. Birthplace of stars in cylindrical coordinates in theWind_rich (top panel andFaceWind10 _rich (bottom panglruns. The coordinate systems are
de ned from the center of stellar mass, and the galactic midplane is choseX¥pihee. The black arrow in the bottom panel indicates the ICM wind direction. The
color code denotes the birth epoch of each stellar particle formed after the ICM wind is launched. The gray shades depict the distributiomticiestditanea
beforet = 0. The vertical dotted line indicates the hei@ht 3 kpc above which no stars form after the wind startsiancing the galaxyt > 135 Myr) in the
NoWind_rich run. We thus adopt= 3 kpc as the separation between the disk and tail. A signi star formation event in the tail region is marke€.as

corresponding to the epoch at which the strong ICM winds start Figure5 compares the star formation ra(8§R¢g in the disk

in uencing theFaceWind10 _rich galaxy. Thus, we dene and tail of the three simulations. Once the strong ICM wind

the vertical distance of 3 kpc as the separation between the tatbegins to inuence the simulated galaxies, the star formation in

and disk stellar populations. Notably, this scale is comparablethe disk decreases by 40% every 100Myr in the

to the height of the cylindrical volume enclosing more than FaceWind10 _rich and FaceWind10 galaxies. During

95% of the total cold gagH I+ H,) in the gas-rich galaxy. 135 Myr<t< 366Myr, the stellar mass in the
We nd that star formation in the disk is sigoantly FaceWind10 rich galaxy increases by 1.%210°M,,

suppressed under strong ram pressure. In Figuvehile no which is less than half the stellar mass formed in the

particular trend is seen in the radial distribution of new stars inNowind_rich  galaxy ( M« = 3.01x 10°M.) during the

the Nowind_rich  galaxy, the star-forming region shrinks same period. The star formation activity is suppressed from

over time in theFaceWind10 _rich galaxy because of the outside to inside owing to disk truncation. In contrast, as

stripping of the gaseous disk. We estimate the truncation radiud/ustrated in Figure, star formation is enhanced in the central

(r) using the GunrGott criterionGunn et al. 1979 by  region(r < 1kpg by a factor of 2 owing to the compression

balancing the gravitational restoring force and ram pressure a8f the ISM. The same trend is observed in the galaxy with a
Sen V2w &) €152)/ z where (i, 2) is the grav- normal gas fraction. In contrast, the disk in B@Vind_rich

itational potential obtained from the sum of the matter 9&/axy maintains its SFR prie during the entire time period.
componentggas, stars, and dark majtet a radius. and a NS demonstrates that the strong ram pressureiegitly
vertical heightzin the cylindrical coordinate system, an(t) quenches the star formation not only in galaxies with a typical
is a gas column density Bt The column density is measured gas fraction but also in a gas-rich galaxy by stripping away the

from the gas component in the concentric shell with a radius92S€0US disk in extreme environments, such as the central
[re, re+ 1] and a heightz < 3 kpc, following the denition region of galaxy clusters.

of the galactic disk in this study. Next, we compute the

gravitational restoring force and ram pressure at a disk 3.2. Star Formation in the Tail

thickness oH 22dV/" S dV; where is'the total matter Figure 4 shows that stars form in the stripped wake of the
density(gas, stars, and dark majtanddV is the cylindrical gas-rich galaxy at> 3 kpc. By the end of the simulation, a
volume element inside the scale lengthof the cold gas  total stellar mass of 3.2610°M, is produced in the tail
(H1+Hp) disk. The disk thickness, scale length, and truncation (z> 3 kpg), with  90% of it located in 3 kps z< 10 kpc. The
radius just after the galaxy encounters the ICM wind pluish trail marked bfC (R 6-10kpc andz 5-6 kpd) in the

(t 140Myn are H= 0.416kpc, |=2.56kpc, andr.= bottom panel of Figure4 is particularly noteworthy. The
2.74 kpc, respectively. Indeed, we com that the gaseous formation time of each stellar particle is tightly correlated with
disk atr>r; is largely ( 90% stripped within 125 Myr. the distance from the galactic center, indicating that the stellar
Accordingly, almost all stars(99.4%) form inside the particles are formed inside clouds moving outward. We
truncation radius at> 250 Myr, and some stellar particles visually con rm from the tail region close to the galaxy that
form outside the disk when the disk isst perturbed by the the ISM gas is rst stripped away from the disk and then
ICM wind (t 150-250 Myr). collapses to form giant clouds at 5kpc, which in turn
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Figure 5. SFR evolution in the galactic digkolid lineg and in the tai(dashed
lineg. The three different colors represent tNeWind_rich  (blacK,
FaceWind10 _rich (red), and FaceWind10 (blue, L20) runs. The gray
vertical dotted line at= 135 Myr denotes the epoch at which the wind front
reaches the galaxy. In tl&ceWind10 _rich run, the SFRs in the galactic

Lee et al.

Figure 7. Fraction of the ICM-origin gaéficy) in each stellar particle as a
function of vertical distanc@). ficy is estimated from the metallicity of stellar
particles(Z) by differentiating the contribution from the ISidsm = 0.75Z,)

and ICM (Zcu = 0.3Z). The color code denotes the formation epochs of
stellar particles, and the vertical dotted line indicates the separation between the
tail and disk. The increasing trendfgfy, indicates that more distant stars form

in the clouds that have mixed more egntly with the cooled ICM.

disk decrease once the ICM wind encounters the disk, whereas the star

formation in the tail commences and is most noticeabl@ Myr from the start
of the ICM-HSM interaction(i.e.,t 185 Myz).

1ok 250 - 350 Myr

=)

NoWind_rich
FaceWind10_rich
NoWind (L20)
FaceWind10 (L20) 3

cSFR (r < R) (M, yr')

10; /l —l

1.0
R (kpc)

Figure 6. Cumulative SFR$cSFR$ as a function of the cylindrical radius of
the disk (R), averaged over 250 Myrt 350 Myr. For comparison with
FaceWind10 , we also plot the cSFR of thidoWind galaxy ofL20 (gray
solid line. The galaxies interacting with the ICM wirfded and blue lings
show enhanced star formation in the central redRn 1 kpc), but it is
suppressed & 1 kpc, compared to their counterparts without witdack
and gray linep

10.0

produce two adjacent stellar clumps of masdvigf= 3.0x
10*M, and 1.3x 10*M,.

in the Coma Clustgdachym et al2017, albeit with some
differences(see Sectior8.4). In contrast, no signcant star
formation occurs in the stripped wake of thaceWind10
galaxy.

Figure7 hints at different origins for the stars formed in the
stripped wake and the disk. We remind the readers that the
fraction of gas cooled from the ICM can be directly inferred
from the stellar metallicitys, since the initial metallicities of
the ISM and ICM are xed(Zsy = 0.75Z, andZcy = 0.3Z,,
respectively and the metal enrichment due to SNe is turned
off. The ICM-origin fraction of a gas cell or a stellar particle
with a metallicity Z is computed asficy=1 fism=
Zsv 2! (Zsm  Zicwm)- First, more than 97.5% of the new
stars in the diskz< 3 kp¢ showf,cy lower than 7.6%. At a

xed vertical distance, stars formed at a later epoch have
slightly higherf,cy, indicating that a fraction of the ICM wind
continuously accretes onto the central disk. Indeed, the column
density of the ICM that encounters the disk during the
interaction(ny ;cm Vicw t) amounts to a few percent of the
typical Ny in the central disk, or roughly 10% of that in the
outer gaseous digk 3Ry »). However, the increase §&y
is not dramati¢< 0.1) duringt 150-366 Myr, indicating that
a dense ISM is largely shielded from strong ICM winds. This is
likely due to the strong turbulent pressure afforded by the
interplay between gravity and stellar feedback, as demonstrated
by L20. Second, new stars formed at 3-10kpc also
primarily originate from the ISM. The ICM fraction that
contributes to new star particle formation in the tail is less than
20% (ficm < 0.2). On the other hand, the new stars located far
behind the galactic plan&> 10kpg form in clouds well

The gas-rich galaxy exhibits a remarkably higher SFR in its mixed with the ICM, and only half of the stellar mass originates

stripped wake than theaceWind10 galaxy(dashed lines in

from the stripped ISM. The mass of stars formed in the distant

Figure5). Its SFR is still lower than the galactic SFRs, but it tail is considerably loweMs= 2.40x 10*M,) than that

increases to 0.000.01M, yr * for 50 Myr once the disk

formed near the galactic plane, but their presence implies that

encounters the wind. The SFR in the tail is comparable to thatmolecular clouds can form in the RPS tail. In contrast, dense

of D100 (dMg/ dt= 3.9% 10 *M, yr 1), a spiral galaxy with
M

clouds withny > 100 cm 2 do not form in the stripped wake of

2x 10°M, experiencing strong ram pressure stripping the FaceWind10 galaxy att> 200 Myr.
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Figure 8. Turbulent properties of star-forming candidate cells with Figure 9. Fraction of the molecular hydrogen stemming from the ICM as a
Ny > 100 cm * in the disk(red and tail region(blue). The turbulent Mach function of vertical distance at= 366 Myr. The color code denotes the

number is estimated from the six immediate neighboring (salks text Note hydrogen number density of the molecular gas in a cell. The symbol size
that star-forming regions in the RPS tail are not more turbulent than thejngicates the mass of the molecular gas ranging fronML5 2.7x 10° M, .
galactic disk. Only the gas cells withy, > 1 cm 2 are displayed. Two prominent molecular

clouds withny > 100 cm * in the tail region(z> 3 kpc, demarcated by the

We then examine the dynamical state of tail gas clouds in thevertical dotted Iin)?are marked byA and B, which are also presented in the
FaceWind10 _rich galaxy by measuring the turbulent Mach bottom panel of Figure.
number. The turbulent Mach number is computed as ) )
%  Tag/G Where go= | V/ x| xis the turbulent velocity ef cient (see, e.g., Section 2.1.3 adf20, and references
measured using the six immediate neighboring cells, andtherein. o _ _
Cs [ RnHgasis th&local sound speed with an adiabatic index AIS STOWT IndFlghuré, the _St”ppﬁd waligoclearlg/ comkprgses
of = 5/3, where gasandPy, are the gas density and thermal molecular clouds that sometimes haye- cm * (marke

pressure of the cell of interest, respectively. Fi@sbhows the asA an_d B in the b°“°”.’ pangl Figure9 further shows_ that .
probability density function of the Mach number distribution more distant cells contain more molecular hydrogen originating

. . from the ICM. In the vicinity of the disk, the dominant source
dP/dlog %) of gas cells withny> 100cm 2 in all the ) ' .
gnapsho%s at)> 133 Myr, after which the ICM wind iniences  ©f the molecular hydrogefi 90% is the ISM, and the rest is

the gas-rich galaxy. The majority of the dense cells in the diskth@t coming from the ICM owing to strong ram pressure.
and tail have Mach numbers higher than 1, indicating the However, once the stripped tail is pushed out to 100 kpc from

presence of supersonic turbulence. Unlike the naive expectatiof’® galaxy, approximately half of the total molecular gas is
that the dense gas in the tail may be sigantly perturbed by cooled from the ICM, consistent with recent observational and

the ICM wind, the dense gas witi, > 100 cm * in the tail numerical ndings (Franchetto et al.2021; Tonnesen &
region is in fact slightly less turbulent than that of the disk. Bryan2021). Two dense regions at 60 kpc(marked ash)
Furthermore, the dense gases in the disk and tail exhibit viria@nd z 80 kpc (marked asB) are particularly interesting, as
parameter distributions similar to each other. These results they develop near the end of the simulatior 366 My).
demonstrate that the tail has a quiescent star formation activitypPeci cally, a portion of the stripped ISM is spread over a large
not because its dense clouds are more turbulent than those ivolume of (10kpg?, and this partially ionized, intermediate-
the galactic disk but simply because the gas reservoir for stagensity(ny 1 cm °), and porous medium collapses to form

formation is limited in the tail(e.g., Mgense disc 1.73% dense clumps.
10°M, versus Mgense tair 2-16% 10°M., for gas with To understand the formation of molecular hydrogen
ny> 100 cm 2 att= 250 Myr). in the RPS tail, we compute the net cooling timescale

teoolnet WE iny/ nes WhereEjy is the internal energy. The net
o ] . ] cooling rate( ng) is computed by considering the heating due
3.3. Origin of the Star-forming Gas in the Tail to local radiation elds and cooling due to atomic and metallic

In the FaceWind10 _rich galaxy, the cold dense ISM is speqies,_as in the sim_ulation. Figut_é iIIustra_tes the net
disrupted by the interaction with the ICM. However, an RPS cooling time of the gas in the RPS tailsfaceWind10 and
tail may provide a more favorable environment for gas cooling FaceWind10 _rich . In the tail region of thé-aceWind10
and molecular gas formation than the galactic disk vicinity, asgalaxy, the typical density and temperature of the ionized
the tail contains few young stars that emit ionizing photons. (fn 1> 0.5 gas, which can potentially cool and contribute to
Furthermore, as hinted in Figufethe mixing with the stripped ~ the total Hi, are low (ny 0.01 cm®) and hot (T 9x
ISM in the tail increases the density and metallicity of the ICM, 10°K), respectively. The median net cooling time is
leading to enhanced gas cooling. In such environments, thécoolnet 600 Myr, which is twice the simulation duration. A
formation of dust and molecular hydrogen is likely to become portion of the gas witficyy  0.5-0.7 has a short cooling time
of teoornet< 1 Myr, but its total mass is not sigrant. This
" The virial parameter for individual cells is computed Bs W2 By / explains why few dense molecular clouds form in the tail of the
Brot  5( g )N 4aG X Q % S galaxy with a normal gas fraction.
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a large amount of molecular hydrogen of mad$® M., in its

10'FFaceWindi0 tail (Jachym et al2014, and a similar amount of molecular
sl — hydrogen is present in the tail of D100 in the Coma
10 1107 Cluster(Jachym et al.2017. Furthermore, Moretti et al.
= 10°F (2018 found My, _ 10°M. of molecular hydrogen in the
§~ 110° _ tails of four massive jellysh galaxies with stellar mass of
< o't .= 3x 10'°'M,. ESO 137-002 is one more case recently
2 110" =, reported to have abundant molecular §as.5x 10° M) in
j 10°F s its disk and tai(Laudari et al2022. The amount of molecular
110 hydrogen detected in the tail of ESO 137-002 is
10| 10° My, 2.2 1CFM.qgThese galaxies with massive molecular
L 1 tails are observed either to currently have gas-rich disks or to
10° - have possessed them until recefifchym et al
} } } } 2014 2017, 2019 Moretti et al.2018 Laudari et al.2022);
10" F "EaceWind10 rich thus, the amount of gas in the infalling galaxies is likely a key
. N property for forming jellysh features, which is consistent with
10 our experiment wherein only theaceWind10 _rich galaxy
. 5 develops the prominent RPS tails.
s 10 Of those, D100 in the Coma Cluster is probably the most
= 1 comparable example to th&aceWind10 _rich galaxy.
g 10 D100 has a stellar mass of X110°M, (Yagi et al. 2010,
8 0 which is similar to that of thd~aceWind10 _rich galaxy
~ 10 (M= = 3.3x 10°M,). Since the orbital velocity of D100 is
10" v 30004000kms?' and the ICM density is 3.3x
10 ?’gcm 2 at the projected distance of 240 kptachym
102 366 Myr | et al.2017, the ram pressure currently exerted on D100 is also
L . L . very strong (6-10 times larger than that ofFaceWin-
0.0 0.2 0.4 0.6 0.8 1.0 d10_rich ). Moreover, since the tail of D100 is nearly

f

Figure 10. Net cooling time of the gas in the RPS tail as a functioficef at

t= 366 Myr. The top panel shows the distribution fFaceWind10 , whereas

the FaceWind10 _rich case is shown in the bottom. We measwyg netfor

the cells with HI mass fractions higher than 0.5 to focus on potentially cooling
regions. The net cooling time is computed by considering the cooling and
heating due to local radiation. Gas cells being heated or cells with the cooling
time greater than the Hubble tingeed dotted lings i.e., teooinee> 13.7 Gyr,

are all indicated akoonet= 13.7 Gyr. The color code indicates the total gas
mass in each bin.

ICM

In contrast, in thécaceWind10 _rich galaxy, the amount
of the ionized ISM-origin gas in the tail is approximately 20
times larger than that in th€&aceWind1l0 galaxy. The

perpendicular to the direction to the cluster center, D100 is
likely passing through its pericenter, suggesting that it has been
exposed to strong ram pressure f&@00 Myr® However, note

that the molecular hydrogen mags8x 10°M.) and SFRs
(2.3M, yr 1) of the D100 disk are larger by a facterbthan
those of thdFaceWind10 _rich galaxy(Jachym et al2017).

This indicates that D100 might have been even more gas-rich
than theFaceWind10 _rich galaxy before falling into the
Coma Cluster.

We also compare the properties of the RPS tails of D100 and
the FaceWind10 _rich galaxy. H luminosity suggests that
the total SFR in the tail of D100 igdMg/ dt= 3.9x
10 *M, yr * (Jachym et al2017), which is larger than the
averaged SFR obtained in the simulated tail of the

presence of abundant warm ionized gas results in a substantiacewind10 _rich galaxy (dMs/ dt= 1.2x 10 *M, yr %)

peak attcoonet< 1 Myr, making thelcoo netdistribution clearly

att= 135-366 Myr. The difference of a factor of three in the

bimodal. The median density and temperature of these cells ilsFRs may be attributed to different gas masses in the tail.

the tail are also higher(ny 0.1 cm?3 and cooler
(T 4x 10°K), respectively, and the cooling times are
signi cantly shorter than those iRaceWind10 . In such
conditions, the gas freely collapses within 4200 Myr. For
comparison, pure ICM gas cannot cool or collapse within a

Gyr. Thus, our numerical experiments support the Observahydrogen mass of 181

tional interpretation that molecular clouds form in situ in the
distant RPS tail&lachym et ak017, 2019 Moretti et al.2018

by increasing the tail gas density because of the mixing an
enhanced cooling due to the stripped ISM.

3.4. Comparisons with Observations

Several observations have measured the amount an
distribution of molecular gas in the wakes of RPS galaxies
using CO emission lines. Verdugo et #2015 detected
molecular gas amounting t010° M. in the RPS tail of NGC

Although the observations of the D100 tail reveal a consider-
able amount of molecular hydrog@,, _ 10°M.; Jachym

et al. 2017, the observed tail is found to be IH
de cient(Bravo-Alfaro et al.200Q 2001J). In contrast, the tail

of the FaceWind10 _rich 0galaxy comprises a molecular

M with MHZ/MHI _ 0.1 at

t= 366 Myr. Interestingly,My,/My, steadily increases over
time in FaceWind10 _rich , due to the rapid increase inH

dcompared to the increase of neutral hydrogen. Yet the extreme

8 We infer the orbital motion of D100 assuming a dark matter halo of mass
Maoo= 2.7% 10 M, and a radius ofRyg0= 2.9 Mpc, estimated for the

oma Cluste(Kubo et al.2007). We adopt the Navars&renk-White pro le

avarro et al.1996 with a concentration index of= 9.4 ( okas &
Mamon2003. The ICM density is computed using gro le with parameters
derived from the Coma Clustéviohr et al. 1999 Fossati et al2012). This
simple calculation suggests that, with the pericenter velocity of 4000km s
D100 is likely to have been exposed to a ram pressure that is comparable to or

4388 in the Virgo Cluster. In contrast, ESO 137-001 possessestronger than that ifaceWind10 _rich in the last 200 Myr.

8
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Figure 11. Dust-obscured H map of the gas-rich galaxFaceWind10 _rich ) att= 185 (top) and 366 Myr(botton). Yellow and blue contours show the
distribution of all stars and the stars younger than 20 Myr in the galactic disk, respectively. White star symbols mark the locations of #&sllgoyzggéc than

20 Myr in the RPS tai(z> 3 kpg). Older stellar particles formed in the tail at 100 Myt < 344 Myr are denoted as open gray circles. A clump of young stars
generating bright H cores(Fy; > 10*'ergs 1 kpc ) in the stripped wake is marked Bsn the top panel.

H,/ H | ratio in the D100 tail is still difcult to explain based on  dust-obscured SB isF, = 2.11x 10*®ergs *kpc 2 We

the results of our simulations. Jachym et2019 also showed  con rm that the bright H pixels are formed at the position
that ESO 137-001 in the Norma Cluster has ghHH ratio of newly formed stellar particles. In the last stage of the
higher than unity, necessitating numerical studies of RPSsimulation(t= 366 Myr), stellar particles younger than 20 Myr

galaxies with extremely high gas fractions. are observed across the entire tail with a total mass of
M= 1.8x 10*M,. The brightest H core in the tail has
4. H Emission from an RPS Galaxy intrinsic H SB of 6.15x 10*°ergs *kpc ? at t= 366 Myr,

which is only a quarter of the brightest Hore in the tail at
t= 185 Myr.

In Figure12, we compare the intrinsic SFRs averaged over
%0 Myr and those estimated from the total KHiminosities in
the disk and tail. To make the comparison from an
observational perspective, we assume that the simulated galaxy
lies atz= 0.0173 and is observed by the Multi Unit Spectro-

- € e . , .. scopic Explorer instrument on the Very Large Telescope, with
by collisional radiation, which does not require LyC radiation a pixel scale of 02. Under these conditions, each pixel has a

from young stars. Furthermore, heating due to processes oth : X s
than star formation, such as shocks or mixing, can yield H e‘é'his'gglffiﬁ gﬁ?\/.g?lkgﬁaass:rglggSCgo(lsarlr;cr)]IglggillIggga:geters
Thus, in this section, we investigate the origin of &mission ticc))n ot él.201©. The H Iumin(:)sity. of the disk is measured

in RPS galaxies and discuss a possible way to determine SI:RI"?om the pixels covering the cylindrical volume of the disk with

from H in the tail. : ;
. a radius ofr = 12kpc and a height ofi=+ 3 kpc from the
Figure11 shows the dust-obscured FEB maps of the gas- galactic plane, as deed in Sectior2.2 The H luminosity of

rich galaxy (FaceWind10 _rich ) at t= 185 and 366 Myr o . . ;
and the cistibuion of af disk Siaellow contours A liiricalvolume exiending rom he upper suface of the dis
young to the boundary. Then, we infer the empirical SFR, $FR

(open gray circlésand youngefopen white stajghan 20 Myr. : : : :
As strong ICM winds truncate the outskirts of the gaseous disk,fsrlozg ;r:% l:m ﬁﬁolk;?;,?read SI-IIrSr%Ii?lossﬁg/l!ng relation between the

the star-forming region notably shrinks in the disk between the
two epochs. At = 185 Myr, the stellar disk is bowed owing to

A young stellar population emits the Lyman continuum
(LyC) photons that ionize the surrounding gas. The ionized
hydrogen subsequently recombines with electrons, producin
H photons at 6562.8 A. Therefore, Hdetection in RPS
galaxies is often considered as an indication of star
formation(e.g., Jachym et aR017, 2019 Sheen et al2017,
Yagi et al.2017. However, H photons can also be produced

the gravitational interaction with the gaseous disk that is SFRyg X 4.0M. yr? __Lus , (9)
pushed by the strong ram pressure. However, the stellar disk 10 ergs*

recovers its shape once the gaseous disk is largely stripped, as =~ ) ) ) o
seen at= 366 Myr. which is appropriate for a stellar population with a metallicity

Most young tail stars coincide with the local ihaxima. At of Z= 0.01 inBPASS(v2.0; Eldridge et al2008 Stanway et al.
t= 185 Myr, when the SFR in the tail peaksgure5), a clump 20169.
of stellar particles oz = 7.2x 10* M, is born in the narrow Figurel2 shows that, in the disk, SIER closely matches the
region located at the interface between the tail and ICMintrinsic SFR within 20% error, regardless of the assumed SB
wind, forming bright H cores inside the white star symbols limit. On the other hand, a marked difference is observed
marked byD in Figure 11. Among them, the brightest H between the intrinsic SFR and SiRn the tail. To determine
core has intrinsicFy = 2.41x 10*ergs *kpc 2, and its the cause of the difference, we compute the relative
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Figure 12. Evolution of the intrinsic SFRsolid) and the SFR estimated from ] 0 ; 5 3 4
the total unobscured Hluminosity (SFR, ; dashed and dottdThe red and 10 10 10 10 10 10

blue colors indicate the SFRs in the disk and tail, respectively. We present 38 -1 -2
SFR, _with (dotted and without (dashe)l an SB lmit of Ho SB (107 erg s kpc™)
1 - .

6x 10%ergs "kpc % We display the SFR lines only att> 100 Myr. Figure 13.The relation between the SFR surface der{sifer) and H SB at

The vertical dotted line marks the epoch at which the wind front reaches the = 185 Myr when the SFR in the tail is maximal. The disk and tail regions are

galaxy. SFR  closely traces the intrinsic SFR in the disk, while the majority of genoted by orange circles and blue squares, respectively. The green squares

the H SB (dashel in the tail originates from processes other than star gjgplay the relation in the tail at th@al snapshott = 366 Myr). We illustrate

formation. However, the intrinsic SFR in the tail is reasonably recovered by the SERH relation expected frorsPASS(Eldridge et al.200§ Stanway

considering H bright regiongdotted. et al. 2016 with a gray dashed line. The colored bars in the bottom panel
indicate the SB ranges of the pixels contributing to the9Bsh percentile

tributi f llisi | d binati t iti t distribution of the total H luminosities of the regions with no star formation in
contribution irom collisional and recombinative transitions 10 he 5 (blug) and disk(orangg. The orange circle and blue square in the

the total number of H photons. We nd that 90% of H colored bars mark the median values. Note that processes other than star
photons in the tail are emitted from the gas with 0.01 formation lead to H SB of up to 6x 10*®®erg s " kpc in the tail, indicating
cm 3< nu<1cm 3' while  10% arises from the gas with that the pixels with higher HSB are likely to be observed as star-forming
ny> 1 cm ° during the entire time period. Aty> 1 cm 3, regions.
more than 97% of H photons are emitted via recombinative
transition, but in the diffuse gas, collisional radiation produces SB is notably scattered at aed seg it follows reasonably
twice more H photons than recombinative transition. Thus, well the predicted SFRY relation (gray dashed line and
we conclude that Hin the tail is mainly powered by a process Equation(9)).
unrelated to star formation, i.e., collisional radiati63%). For comparison, we present the SB range of the pixels
The remaining H (37%) is also unlikely to originate directly  contributing to the 1s89th percentile distribution of the total H
from star formation, given that the intrinsic SFR is several luminosities of the regions with no stars younger than 20 Myr, in
orders of magnitude smaller than $FRInstead, we argue that  the bottom panel. Non-starrfning regions in the disk can
the additional H photons in the tail arise from the interaction display pixels as bright as ¥erg s *kpc 2 However, the pixels
with a hot ICM that heats up the diffuse gas and stimulates thein the tail with no star formation exhibit HSB lower than
recombinative as well as collisional radiation. 6x 10°8ergs *kpc 2, which roughly corresponds to the typical

In principle, LyC photons that manage to escape from theH SB at the minimum ggrof 0.005M, yr ‘kpc 2. Thus,
galactic disk can also contribute to Hux in the tail. However,  we conclude that the bright Holobs in the tail are lit by nearby
we conrm that the LyC ux measured in the distant tail young stars. Additionally, our experiments suggest that the
(z> 10kpg is insuf cient( 15%) to explain the entire H ux. detection of the H emission brighter than6 10°®erg s * kpc 2
We also estimate a possible contribution from the UV back-can be considered as a sign of star formation in the RPS tall,
ground radiation by measuring Hemission from low-density ~ while the well-developed tail structures with HSB<
gas that is not self-shielded from the (< 0.01 cm3; 10*®erg s *kpc 2, observed in, e.g., ESO 137-00Bumagalli
Rosdahl & Blaizo®2012. We nd that the H photons emitted et al.2014), are likely to be induced by processes other than star
from the low-density gas account for less than 0.5% of the totalformation. Thus, the discrepancy between the intrinsic SFR and
H emission in the tail, and thus the UV background used in thisSFR, in the tail is alleviated if a high SB limit is apglied to
study is also unlikely to power the Hails. include actual star-forming sitésg., 6x 10°%ergs *kpc 9), as

We further examine whether bright Hblobs in the tail trace  shown by the dotted line in Figufe.
star-forming regions by correlating an intrinsic SFR and
unobscured H SB in each pixel(which corresponds to 73
by 73 pé in a physical sca)dn Figure13. The H SB of each
pixel from the diskorangé and tail regiongblue) is projected In addition to H emission, RPS tails are often detected in
att= 185 Myr, when the SFR peaks in the tail. Although H X-rays(Finoguenov et al2004 Wang et al.2004 Machacek

5. X-Ray-to-H Flux Ratio and Mixing

10
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Figure 14.Dust-obscured H SB (top), X-ray SB in the energy bar{8.4, 7.3 keV (i.e., before the bolometric correction; migdiend ISM fraction of the gas-rich
galaxy att = 250 Myr (botton) when the length of the tail is comparable to that of ESO 137-001 and D100.

et al. 2005 Sun & Vikhlinin 2005 Sun et al.2006 201Q imposing a boundary condition of high temperatire 10°K),
Poggianti et al2019. Since X-rag photons are preferentially the ICM wind itself produces an X-ray background of

produced by hot plasma with 10" K, the coexistence of H ) 5x ]_037erg st kpc 2 The background X-ray emission is
and X-ray suggests a complex thermal structure of the RPS tailyemoved by subtracting the X-ray SB pies averaged at the
Furthermore, Sun et a(202]) recently argued that theux boundary of the simulation box, similar to observations.

ratio of X-ray to H (Fx/Fy ) may be used as a signature of Ei i )
. . e gure 14 exhibits the maps of dust-obscured 8B (top),
the ICM-ISM interaction(see also Poggianti et @019. They .y 5B(middle), and the mass fraction of the gas originating

showed that galactic disks typically hakg/ Fy 0.4, but from the ISM (fisy: b ; ;

3 o . : ism; botton) in the gas-rich galaxy at
iﬂg Fr;IliSinta”t?e(taxgg)rI]t 312'?3@'/ Z\Hn dolfsl‘;’;l ' III?%S:;:#S(;(; t= 250 Myr. We select this snapshot because the simulated
2011 9 9 " RPS tail extends out to80 kpc, which is comparable to that of

' o SO 137-001 in the Norma Clus{&un et al2021) and D100
To understand the mixing process and to gauge whether th%‘ the Coma Clustqdachym et a52017). The X?)ray SB and

H -to-X-ray ux ratio can be used as an indication of mixing, JSM fraction maps clearly indicate the presence of hot diffuse
we generate mock X-ray SB maps of the RPS galaxy using th clouds mixed with the stripped ISM in the téll 10°K and

YT packagéTurk et al. 2011). The X-ray emissivity is
P od ) y y ny 0.01 cm 3). Such gas is bright in X-ray but is faint in H

estimated as X i .
because of the high temperatu(sse, e.g., the tail region at
s Maunel x (T % ol-T, 21, (10 -30-40kpc in Figureld). Conversely, H bright clouds in the
' ' tails at z> 10kpc are cooler(T 10°K) and denser
where x, and xn are the X-ray cooling functions for (hh 0.1 cm3), and their contribution to the total X-ray

; i ; luminosity is minor.
primordial gas and metals, respectively, taken from the . _ .
Astrophysical Plasma Emission Co@&PEC; Smith et al. FT/OF undaerrlztiﬂi :rﬁli?(inrelavtxllgniglrﬁ IlzzemgegBthn?; ;ati'r? the
2007). Following the bolometric correction procedure by Sun (Fx/ Frt ) 9 P h

= FaceWind10 rich run att= 250 Myr with 0.2x 0.2 kp&
et al. (2021, we rst compute the X-ray emissivity in tii@.4, el - 10x 10k ivel i
7.5 keV energy band and derive the bolometrigx using pixels (top panel or 10x 10kpC pixels (bottom pangl in

, . Figure 15. The measurements onx11 kp& pixels for the
conversion factors measured from APEC as a function ofgsiactic disk afz < 3 kpc are also presented as blue contours
temperature. The model bolometric correction factor at temperiy the bottom panel. The black dashed lifg/ Fyy = 3.48
atureT is de ned aCho(T)  Lxbol(T)/ L, j0.4,7.3ke(T), Where  corresponds to the empirical to the 16 observed tails of the
Lxbo(T) is the model bolometric luminosity and virgo, Coma, A1367, and A3627 Cluster galax®se Sun
Lx,j0.4,73kev(T) is the model luminosity af0.4, 7.§keV. et al.2021, for further details The light-blue shade marks the
X-ray emissivity-weighted temperature is used in the calculationapproximate range of the empirical SB ratio of the galactic disk
of the correction factor. Because we mimic the ICM wind by also taken from Sun et al(2021). Since no extinction

11
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Figure 15. The correlation betweefis, and the ux ratio of X-ray to dust-
obscured H in the disk(cyan contoursand RPS tailorange dots and red
contour$ of theFaceWind10 _rich galaxy att = 250 Myr. The ux ratio of

the imposed ICM wind is shown as green triangles. Darker orange dots
correspond to the tail regions with brighter HWe compute the SB in pixels
with area 0.% 0.2 kp@ in the top panel, while larger pixels are used for the
tail (10 x 10 kpc) or for the disk regiorfl x 1 kpc®) in the bottom panel. The
light-blue shaded regions and vertical dashed lines indicate the obSgived

Fn in the disk and RPS ta{Sun et al2021), respectively.

corrections are applied to the E5B of the diffuse tails in Sun
et al.(2021), we also use the dust-obscured BB maps’

We nd that the galactic disks form a distinctive sequence in
Figurels, with the uxratioFx/Fy 1.5, consistent with the
observation$Sun et al.2021). The mean ux ratio of the

simulated disk tends to be slightly larger than the average
observed ratio, which is likely due to the boosted SN feedback

employed in this work. In contrast, the pure ICM gas shows a
higher Fx/ F; of 1800 (the green triangles in Figulkb).
The mixing of the ISM into the ICM leads to the decrease of

the hot gas temperature, and thus X-ray emissivity is reduced

while H becomes brighter with increasifigy. Consequently,
the ICM-dominant tail gas shows/ Fy ~ 1-100, while the
gas in the disk vicinit3 kpc< z< 10 kpg exhibits a lower
Fx/Fy of 1. This is again compatible with the observed
trend that~x/ Fy tends to increase for distant taf&un et al.
2021). Therefore, we argue that the intermediate SB ratio
observed in the RPS tail can be seen as a sign oHEM
mixing (Tonnesen et ak011).

We also remark that the predictedx ratios in the tail
(Fx/Fy 1535 are slightty smaller than those

° However, we note that attenuation due to dust in our simulated tail is

negligible because the tail gas is highly ionized and a large amount of dust is

destroyedsee Equatior(8)).
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observedFx/ Fy = 3.48; Sun et al202]). Given that a large
amount of dust in the relatively hot tail gas is unlikely to
survive and reducé&y , it is more probable that the X-ray
uxes in the tail are underestimated. The correlation between

fism and Fx/Fy in Figure 15 then suggests that the ICM
should be mixed with the ISM more efently in the tail. This
may be achieved by including thermal conductifg.,
Armillotta et al. 2017 Li et al. 2020 and or by resolving
hydrodynamic instabilities with higher resolution.

Finally, it is also worth pointing out that theix ratios in the
simulated tail are widely distributed on small scte$ kpg,
while they tend to converge tol when sampled on kiloparsec
scales. This suggests that the difference in thg ratio
between the disk and RPS tails found by Sun gpaR1) may
be less dramatic if high-resolution observational data are
obtained.

6. Conclusions

We investigated the formation of jellgh galaxies using a
set of idealized simulations for a dwarf-sized galaxy with a
multiphase ISM in environments with and without strong ICM
winds devised to mimic the ram pressure at a cluster center. As
a follow-up study ofL.20, we adopted the same code, physics,
simulation setup, and initial condition as thosé 2@, but with
a raised initial gas fraction. We primarily focused on the
formation process of multiphase clouds and stars in RPS tails.
We found that the mixing of a stripped ISM with the ICM is a
key process determining the characteristics of a jelly
galaxy. Our results are summarized as follows:

1. Strong ram pressure efently suppresses star formation
in the disk of a gas-rich galaxy by truncating the outskirts
of the gaseous disk, which is consistent with the
prediction of Gunn et al(1972. The decaying trends
in SFRs in the galactic disk are similar for the
FaceWind10 _rich and FaceWind10 galaxies, in
spite of their different initial gas fractior{My ,/ Mg =
4.1 versus 08

. Molecular gas can form in situ in the distant RPS tail of
the FaceWind10 _rich galaxy. The stripped ISM is
mixed with the ICM, enhancing the formation of warm
ionized gas in the RPS tail. Half of thellHclouds with
ficem > 0.5 have cooling timescales shorter than a few
Myr in FaceWind10 _rich , which is in contrast to the
results of theFaceWind10 galaxy, because of the lack
of stripped ISM. This indicates that the stripping of a
large amount of ISM plays a critical role in the formation
of molecular clouds in RPS tails.

3. The RPS tails in th&aceWind10 _rich galaxy form
stars at a rate of 1210 3M,. yr * on average after the
galaxy encounters the ICM wind. The majority of the tail
stars are initially formed in the stripped wake within
10 kpc from the galactic plane, but a small amount of
stars (8x 10°M,) also forms in the distant tail
(z> 60kpg 200 Myr after the galaxy starts to interact
with the ICM wind. Stars in the distant tail form out of
molecular clumps that are composed of gas that is a
mixture of stripped ISM and the ambient ICM
(fism 0.5).

4. The intrinsic SFR in the disk is reasonably recovered
from the H emission. In the RPS tail, only bright H
cores trace actual star-forming regions. ldmission
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below 6x 10*%ergs *kpc ? can originate from pro- FaceWind10 rich galaxy, but the amount of molecular
cesses other than star formation, and the high SB limitclouds is 10 times larger than that FaceWind10 _rich
needs to be imposed to recover the intrinsic SFR from H Even more intriguing is the Hle ciency in the D100 and ESO

in the simulated RPS talil. 137-001 tailgJachym et al2014 2017, 2019, indicating that
5. A strong correlation is present between the ISM fraction RPS gas may turn into molecular clouds verycegntly in
and the ux ratio of X-ray to H (Fx/Fy) in certain conditions. These issues necessitate future studies

FaceWind10 _rich . The typical ux ratio in the RPS  probing a larger parameter space and physical ingredients in
tail (1.5 Fx/Fy 20) is higher than that of the realistic cluster environments.
galactic disk(Fx/Fy 1.5 and lower than that of the
ICM gas (Fx/Fy 1800 when measured on The authors would like to thank the anonymous referee for
10x 10 kp scales. Although a factor of two difference their constructive review of this manuscript. The authors also
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ux ratio indicates the mixing between the ISM and ICM. K. is supported by the National Research Foundation of Korea
eﬁs%rant No. NRF-2020R1C1C100707%nd acted as the
We have shown that several RPS features can be reproducehresponding author. Y.-K.S. acknowledges support from
when a large amount of ISM material is stripped from a gas-yhe National Research Foundation of Kor@dRF) grant
rich galaxy via strong ram pressure, forming prominent gngeqd by the Ministry of Science and IGgrant No. NRF-
multiphase tails due to mixing with a hot ambient medium. 5719R1C1C1010279The supercomputing time for numerical
How_ever, several issues still need to be addressed in futurg;yuiations was kindly provided by KISTgrant No. KSC-
s'gudles. First, thermal conduction is not m_cll_Jded in _th|s work. 2020-CRE-0278 and large data transfer was supported by
Li et al. (2020 examine the effects of radiative cooling, self- KREONET, which is managed and operated by KISTI. This

shielding, self-gravity, magnetield, and Braginskii conduc-  \york js supported by the Center for Advanced Computation at
tion and viscosity and show that cooling and conduction are thek grea Institute for Advanced Study. This work was also

physical processes that govern the lifetime of cool clouds in aperformed using the DIRAC Data Intensive service at
circumgalactic medium. In their study, conductionogntly | ejcester, operated by the University of Leicester IT Services,
evaporates small clouds that are weakly or not at all self-\hich forms part of the STFC DIRAC HPC Facilityww.
shielded, while it hardly affects cool and dense clumps. Thisgjrac.ac.ux The equipment was funded by BEIS capital
suggests that conduction could suppress the growth of coldynding via STFC capital grants SR0003731 and ST
clumps in the RPS tail. Second, our simulations do not includeRp02363 1 and STFC DIRAC Operations grant/33001014

explicit viscosity. Roediger et g015h demonstrate thatthe 1 DIRAC is part of the National e-Infrastructure.
mixing becomes less dfient with increasing viscosity in the
RPS tails. Li et al(2020 also show that a boundary layer ORCID iDs
formed by viscosity can insulate the stripped ISM from the

ICM, increasing the lifetime of the cool clouds. Although it is Jaehyun Le@ https orcid.org 0000-0002-6810-1778

clear that viscosity plays a role in the mixing process, we noteTaysun Kimm® https/ orcid.ordg 0000-0002-3950-3997

that strong viscosity effects would suppress X-ray emissivity in Jérémy Blaizo® httpsi/ orcid.org 0000-0003-1609-7911

the tail, potentially aggravating the agreement seéwx/fifry Harley Katz® httpsi/ orcid.org 0000-0003-1561-3814
(Figurelb). If this is really the case, the viscosity effects should Wonki Lee® httpsi/ orcid.org 0000-0002-1566-5094

be offset by other processes, such as condugtioat al. Yun-Kyeong Sheei® httpsi/ orcid.org 0000-0002-3211-9431
2020. Third, we assume a constant ICM wind in this work, but Julien Devriend® https#/ orcid.org 0000-0002-8140-0422
galaxies orbiting around the real cluster would undergo ram

pressure that changes over tirfmg., Roediger & Briig- References

gen 2007 Roediger et al2015a Jung et al2018 Yun et al.

2019. For example, Tonnese(2019 shows that the gas Armillotta, L., Fraternali, F., & Marinacci, F. 2018|NRAS, 462, 4157
Stnpp'ng rates and ta” Slzes become Sma”er |f the W|nd Armillotta, L., Fraternali, F., Werk, J. K., Prochaska, J. X., & Marinacci, F.
strengths are gradually increased, compared to the run Wiﬂ)xssl?%' '\ﬁANRérSévggél,{f Sauval A J. & Scott. P. 2009A&A 47 481
constant winds. In this regard, the impact of the ram pressure ifsekii, K., & Couch, W. J. 2003ApJL, 596, L13

our simulations may be overestimated, perhaps enhancing thalitz, L., & Shu, F. H. 1980ApJ, 238, 148

star formation in the RPS tail. Fourth, we neglect UV radiation ggzg”!, 2-- guglandre_, JG CébggDSASgtFi; ﬂé e; 1a|7 20267, 587, A68

from active galactic nuclgfAGNS) or star-forming brightest L £, & Gavazzl, . PASh 15, .

cluster galaxiegHicks et al.201Q Klesman & Sarajedir012 B"”‘lvffggg"' H.. Cayatte, V., van Gorkom, J. H., & Balkowskd, C. 2080,
Fogarty et al.2015 Poggianti et al.2017) in a cluster Bravo-Alfaro, H., Cayatte, V., van Gorkom, J. H., & Balkowski, C. 2001,
environment. These sources can provide extra heating,B A&A, 3/_\79,&34T‘r3”y 3. A 1992, AGAZSA, 436

potentially limiting star formation in the RPS tail. Unfortu- BUrgess, A, & 1ully, J. A. 1 AQASSS,

nately, the effect of the stronger UV radiation depends ongﬁﬂﬁgna}i 8. Salnionge. AJdang‘évrﬁzlg ?"DEtS" 2008S, AT 8
(variabl§ AGN or star formation activity, which is di€ult to 2000,AJ, 138, 1741 T T T
estimate without performing realistic simulations. Last but not Chung, A., van Gorkom, J. H., Kenney, J. D. P., & Vollmer, B. 2007]L,
the least, our simulations still do not explain some key _ 659 L115 _ _

properties of observed RPS tails. For example, the D100 tailZonese: - Gavazz., G BF?iiﬁ!r’dA'j o I;;Fggg‘u%i%sé%? 157

in the Coma Cluster is observed to have SFRs comparablayies R. D., & Lewis, B. M. 1973/INRAS, 165, 231

with or only a factor of a few higher than that of the Del zanna, G., Dere, K. P., Young, P. R., & Landi, E. 202f), 909, 38

13



The Astrophysical Journal, 928:144(14pp, 2022 April 1 Lee et al.
Dere, K. P., Del Zanna, G., Young, P. R., Landi, E., & Sutherland, R. S. 2019, Owers, M. S., Couch, W. J., Nulsen, P. E. J., & Rand all, S. W. 202,
ApJS 241, 22 750, L23
Dere, K. P., Landi, E., Mason, H. E., Monsignori Fossi, B. C., & Young, P. R. Planck Collaboration, Ade, P. A. R., Aghanim, N., et al. 20464 , 594, A13
1997,A&AS, 125, 149 Poggianti, B. M., Fasano, G., Omizzolo, A., et al. 2046, 151, 78
Ebeling, H., Stephenson, L. N., & Edge, A. C. 2024JL, 781, L40 Poggianti, B. M., Ignesti, A., Gitti, M., et al. 2018pJ, 887, 155
Eldridge, J. J., Izzard, R. G., & Tout, C. A. 2008NRAS, 384, 1109 Poggianti, B. M., Moretti, A., Gullieuszik, M., et al. 201%pJ, 844, 48
Ferland, G. J., Korista, K. T., Verner, D. A,, et al. 1988,SF, 110, 761 Ramos-Martinez, M., Gémez, G. C., & Pérez-Villegas, A. 20dBRAS,
Finoguenov, A., Briel, U. G., Henry, J. P., et al. 2084&A , 419, 47 476, 3781
Fogarty, K., Postman, M., Connor, T., Donahue, M., & Moustakas, J. 2015, Rawle, T. D., Altieri, B., Egami, E., et al. 201¥NRAS, 442, 196
ApJ, 813, 117 Roediger, E., & Briggen, M. 2006/NRAS, 369, 567
Fossati, M., Gavazzi, G., Boselli, A., & Fumagalli, M. 202&A , 544, A128 Roediger, E., & Briggen, M. 200%NRAS, 380, 1399
Franchetto, A., Tonnesen, S., Poggianti, B. M., et al. 2621, 922, L6 Roediger, E., & Briggen, M. 2008|NRAS, 388, 465
Fumagalli, M., Fossati, M., Hau, G. K. T., et al. 20MI\RAS, 445, 4335 Roediger, E., Kraft, R. P., Nulsen, P. E. J., et al. 20254, 806, 103
Garel, T., Blaizot, J., Rosdahl, J., et al. 20RM\RAS, 504, 1902 Roediger, E., Kraft, R. P., Nulsen, P. E. J., et al. 2015k, 806, 104
Gavazzi, G., Boselli, A., Mayer, L., et al. 2004pJL, 563, L23 Rosdahl, J., & Blaizot, J. 2012]NRAS, 423, 344
George, K., Poggianti, B. M., Gullieuszik, M., et al. 2008\RAS, 479, 4126 Rosdahl, J., Blaizot, J., Aubert, D., Stranex, T., & Teyssier, R. 200RAS,
Grishin, K. A., Chilingarian, I. V., Afanasiev, A. V., et al. 202latAs 436, 2188
5, 1308 Rosdahl, J., Katz, H., Blaizot, J., et al. 2008\\RAS, 479, 994
Gronke, M., & Oh, S. P. 2018/INRAS, 480, L111 Rosdahl, J., Schaye, J., Teyssier, R., & Agertz, O. 2DBBRAS, 451, 34
Guillet, T., & Teyssier, R. 2011]CoPh 230, 4756 Rosdahl, J., & Teyssier, R. 201BNRAS, 449, 4380
Gunn, J. E., Gott, J., & Richard, I. 1972pJ, 176, 1 Rosen, A., & Bregman, J. N. 1998pJ, 440, 634
Halle, A., & Combes, F. 2013&A , 559, A55 Ruszkowski, M., Briggen, M., Lee, D., & Shin, M. S. 2014J, 784, 75
Hicks, A. K., Mushotzky, R., & Donahue, M. 2018pJ, 719, 1844 Schulz, S., & Struck, C. 200MNRAS, 328, 185
Hollenbach, D., & McKee, C. F. 197%pJS 41, 555 Scott, T. C., Bravo-Alfaro, H., Brinks, E., et al. 2000NRAS, 403, 1175
Hudson, D. S., Mittal, R., Reiprich, T. H., et al. 20¥®A , 513, A37 Scott, T. C., Brinks, E., Cortese, L., Boselli, A., & Bravo-Alfaro, H. 2018,
Hui, L., & Gnedin, N. Y. 1997MNRAS, 292, 27 MNRAS, 475, 4648
Jachym, P., Combes, F., Cortese, L., Sun, M., & Kenney, J. D. P. 2014, Scott, T. C., Cortese, L., Brinks, E., et al. 20M2\RAS, 419, L19
792, 11 Sheen, Y.-K., Smith, R., Jaffé, Y., et al. 20EHJL, 840, L7
Jachym, P., Kenney, J. D. P., Sun, M., et al. 2099, 883, 145 Shin, M.-S., & Ruszkowski, M. 2014/INRAS, 445, 1997
Jachym, P., Képpen, J., Pafpud., & Combes, F. 200%3&A , 500, 693 Smith, R. K., Brickhouse, N. S., Liedahl, D. A., & Raymond, J. C. 2@Q1]L,
Jachym, P., Sun, M., Kenney, J. D. P., et al. 2047, 839, 114 556, L91
Jung, S. L., Choi, H., Wong, O. I., et al. 2018,J, 865, 156 Stanway, E. R., Eldridge, J. J., & Becker, G. D. 20U6|RAS, 456, 485
Kapferer, W., Kronberger, T., Ferrari, C., Riser, T., & Schindler, S. 2008, Steinhauser, D., Haider, M., Kapferer, W., & Schindler, S. 2042A ,
MNRAS, 389, 1405 544, A54
Kapferer, W., Sluka, C., Schindler, S., Ferrari, C., & Ziegler, B. 20@9; , Storey, P. J., & Hummer, D. G. 1995INRAS, 272, 41
499, 87 Sun, M., Donahue, M., Roediger, E., et al. 2040,], 708, 946
Katz, H., Kimm, T., Sijacki, D., & Haehnelt, M. G. 201IVINRAS, 468, 4831 Sun, M., Ge, C., Luo, R, et al. 2021atAs 6, 270
Kenney, J. D. P., van Gorkom, J. H., & Vollmer, B. 2004, 127, 3361 Sun, M., Jones, C., Forman, W., et al. 2086,L, 637, L81
Kim, C.-G., & Ostriker, E. C. 2018)\pJ, 853, 173 Sun, M., Jones, C., Forman, W., et al. 2001, 657, 197
Kimm, T., Cen, R., Devriendt, J., Dubois, Y., & Slyz, A. 20018\NRAS, Sun, M., & Vikhlinin, A. 2005,ApJ, 621, 718
451, 2900 Teyssier, R. 2002A&A , 385, 337
Kimm, T., Katz, H., Haehnelt, M., et al. 201WINRAS, 466, 4826 Tonnesen, S. 201%pJ, 874, 161
Klesman, A. J., & Sarajedini, V. L. 2012|NRAS, 425, 1215 Tonnesen, S., & Bryan, G. L. 201RINRAS, 422, 1609
Koopmann, R. A., & Kenney, J. D. P. 2004&yJ, 613, 851 Tonnesen, S., & Bryan, G. L. 2024pJ, 911, 68
Koopmann, R. A., & Kenney, J. D. P. 2004hpJ, 613, 866 Tonnesen, S., Bryan, G. L., & Chen, R. 20BhJ, 731, 98
Kronberger, T., Kapferer, W., Ferrari, C., Unterguggenberger, S., & Tonnesen, S., & Stone, J. 203%4pJ, 795, 148
Schindler, S. 2008A&A , 481, 337 Tormen, G., Moscardini, L., & Yoshida, N. 2004NRAS, 350, 1397
Kroupa, P. 2001MNRAS, 322, 231 Toro, E. F., Spruce, M., & Speares, W. 19%hWay 4, 25
Kubo, J. M., Stebbins, A., Annis, J., et al. 20@{J, 671, 1466 Turk, M. J., Smith, B. D., Qishi, J. S., et al. 2041pJS 192, 9
Laudari, S., Jachym, P., Sun, M., et al. 202RJRAS, 509, 3938 Urban, O., Werner, N., Allen, S. W., Simionescu, A., & Mantz, A. 2017,
Laursen, P., Sommer-Larsen, J., & Andersen, A. C. 2009, 704, 1640 MNRAS, 470, 4583
Lee, B., & Chung, A. 2018ApJL, 866, L10 Vazquez-Semadeni, E., Kim, J., Shadmehri, M., & Ballesteros-Paredes, J.
Lee, B., Chung, A., Tonnesen, S., et al. 20/ RAS, 466, 1382 2005,ApJ, 618, 344

Lee, J., Kimm, T., Katz, H., et al. 2020pJ, 905, 31

Li, H., Gnedin, O. Y., & Gnedin, N. Y. 2018)pJ, 861, 107

Li, Z., Hopkins, P. F., Squire, J., & Hummels, C. 2020\RAS, 492, 1841
okas, E. L., & Mamon, G. A. 2003yINRAS, 343, 401

Machacek, M., Dosaj, A., Forman, W., et al. 2005,J, 621, 663

Mohr, J. J., Mathiesen, B., & Evrard, A. E. 1999,J, 517, 627

Moretti, A., Paladino, R., Poggianti, B. M., et al. 2008\ RAS, 480, 2508

Mun, J. Y., Hwang, H. S., Lee, M. G., et al. 202IKAS, 54, 17

Navarro, J. F., Frenk, C. S., & White, S. D. M. 1994)J, 462, 563

Oosterloo, T., & van Gorkom, J. 2008&A , 437, L19

Ostriker, E. C., McKee, C. F., & Leroy, A. K. 2018pJ, 721, 975

14

Verdugo, C., Combes, F., Dasyra, K., Salomé, P., & Braine, J. Z045,,
582, A6

Vollmer, B., Cayatte, V., Balkowski, C., & Duschl, W. J. 2084J, 561, 708

Vollmer, B., Soida, M., Otmianowska-Mazur, K., et al. 2006A , 453, 883

Vulcani, B., Poggianti, B. M., Gullieuszik, M., et al. 2018yJL, 866, L25

Wang, Q. D., Owen, F., & Ledlow, M. 2004pJ, 611, 821

Weingartner, J. C., & Draine, B. T. 2004pJ, 548, 296

Yagi, M., Komiyama, Y., Yoshida, M., et al. 200%pJ, 660, 1209

Yagi, M., Yoshida, M., Gavazzi, G., et al. 2014%J, 839, 65

Yagi, M., Yoshida, M., Komiyama, Y., et al. 2018, 140, 1814

Yun, K., Pillepich, A., Zinger, E., et al. 201%NRAS, 483, 1042



	1. Introduction
	2. Simulations



