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ABSTRACT

With MUSE, Chandra, VLA, ALMA and UVIT data from the GASP programme we study the
multiphase baryonic components in a jelly�sh galaxy (JW100) with a stellar mass 3:2 � 1011M �

hosting an AGN. We present its spectacular extraplanar tails of ionized and molecular gas, UV stellar
light, X-ray and radio continuum emission. This galaxy represents an excellent laboratory to study
the interplay between di�erent gas phases and star formation, and the inuence of gas stripping, gas
heating, and AGN. We analyze the physical origin of the emission at di�erent wavelengths in the tail,
in particular in-situ star formation (related to H � , CO and UV emission), synchrotron emission from
relativistic electrons (producing the radio continuum) and heating of the stripped interstellar medium
(ISM) (responsible for the X-ray emission). We show the similarities and di�erences of the spatial
distributions of ionized gas, molecular gas and UV light, and argue that the mismatch on small scales
(1kpc) is due to di�erent stages of the star formation process. We present the relation H� {X-ray
surface brightness, which is steeper for star-forming regions than for di�use ionised gas regions with
high [OI]/H � ratio. We propose that ISM heating due to interaction with the intracluster medium
(either for mixing, thermal conduction or shocks) is responsible for the X-ray tail, the observed [OI]-
excess and the lack of star formation in the northern part of the tail. We also report the tentative
discovery in the tail of the most distant (and among the brightest) currently known ULX, a point-like
ultraluminous X-ray source commonly originating in a binary stellar system powered either by an
intermediate-mass black hole or a magnetized neutron star.
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1. INTRODUCTION

Ram pressure stripping is considered the most e�-
cient mechanism to remove gas from galaxies in galaxy
clusters (Boselli & Gavazzi 2006). A multitude of ob-
servational studies have observed the smoking gun of
this physical process at various wavelengths with dif-
ferent techniques, mostly Hi, H� narrow band imaging,
UV/blue light, and, more recently, integral �eld spec-
troscopy (Kenney et al. 2004; Chung et al. 2007; Hes-
ter et al. 2010; Smith et al. 2010; Merluzzi et al. 2013;
Yagi et al. 2010; Kenney et al. 2014; Fossati et al. 2016;
J�achym et al. 2017; Consolandi et al. 2017; Gullieuszik
et al. 2017; Moretti et al. 2018; Fossati et al. 2019; Bell-
house et al. 2019).

The most extreme examples of galaxies undergoing
strong ram pressure are the so called "jelly�sh galaxies"
(Smith et al. 2010; Fumagalli et al. 2014; Ebeling et al.
2014). They have extraplanar, unilateral debris visible
in the optical/UV light and striking tails of H � ionized
gas. Most of the H� emission in the tails is due to pho-
toionization by massive stars born in situ in the tail in
dynamically quite cold H� -emitting clumps resembling
giant and supergiant HII regions and complexes (Pog-
gianti et al. 2019, and references therein), with possibly
some exceptions (e.g. NGC4569, Boselli et al. 2016).

Optical line-ratio diagnostic diagrams maps obtained
with integral-�eld spectroscopy show that ionization
mechanisms other than in-situ star formation (SF) are
also at play in the tails, contributing especially to the
interclump di�use emission (Fossati et al. 2016; Pog-
gianti et al. 2019). Di�erent optical line ratios depict
a generally consistent picture, but provide signi�cantly
di�erent values for the fraction of tail emission due to
star formation or shocks/heating.

In Poggianti et al. (2019) we studied the optical ion-
ization mechanisms in the tails of a signi�cant sample
of jelly�sh galaxies (16 in total) from the GAs Strip-
ping Phenomena in galaxies survey (GASP,1 Poggianti
et al. 2017b), �nding that the tail emission character-
istics of the jelly�sh galaxy JW100 are peculiar. At
odds with the majority of the other jelly�sh galaxies,

� INAF, Istituto di Radioastronomia di Bologna, via Gobetti
101, 40129 Bologna, Italy
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1 http://web.oapd.inaf.it/gasp/index.html

star formation is not the obviously dominant ionization
mechanism of the tail: according to the [OIII]5007/H�
vs [OI]6300/H� diagnostic diagram, it has only a few
star-forming clumps in the tail and large amounts of
ionized gas with an [OI]6300 line excess.

A high [OI]6300/H � ratio is usually interpreted as
a sign of the presence of shocks (Rich et al. 2011),
and shock-heated molecular hydrogen has been observed
with Spitzer in some cluster galaxies undergoing ram
pressure stripping (Sivanandam et al. 2010, 2014; Wong
et al. 2014). Thermal heating of the stripped gas where
this meets the hot Intracluster Medium (ICM) is another
possible source of ionization, and its relevance might de-
pend on the local ICM conditions, which can be studied
with X-ray observations. The exact source of the [OI]
excitation in jelly�sh tails is currently unknown. Under-
standing why JW100 is so special in its tail ionization
mechanism might be the key to understand under what
conditions are stars forming in the tails, and when they
are not.

The interaction with the hot X-ray emitting ICM is
expected to be crucial to set the conditions of the gas
in the tails. Such interaction might give rise to an X-
ray tail (Sun et al. 2010), but so far there are only a
few X-ray emitting ram pressure stripped tails observed.
JW100 has deepChandra archive data, as well as a set
of multiwavelength data obtained by the GASP project,
and therefore o�ers a great opportunity to study the
relation between the properties of the stripped gas tail
and those of the ICM. The only other jelly�sh for which
a comparably rich multi-wavelength dataset is available
is ESO137-001, a low mass (5-8� 109M � ) galaxy in the
Abell 3627 cluster with H� and other optical emission
lines, molecular gas and X-ray tails (Sun et al. 2007,
2010; Sivanandam et al. 2010; Fumagalli et al. 2014;
Fossati et al. 2016; Jachym et al. 2019). Apart from
JW100 and ESO137-001, there are X-ray studies for
ESO137-002 (also in Abell 3627, Sun et al. (2010)), and
UGC6697 in Abell 1367 (Sun & Vikhlinin 2005), and
weak/shorter tails reported in NGC4438, NGC4388 in
Virgo and NGC4848 in Coma (Sun et al. 2010), plus
an X-ray map of D100 in Coma shown in J�achym et al.
(2017). No strong X-ray tail has been detected in the
Virgo cluster, and Sun et al. (2010) and Tonnesen et al.
(2011) explained this evidence with the fact that the
X-ray tail luminosity should increase with the ambient
pressure, which is not very high in Virgo.

The aim of this work is to shed some light on the phys-
ical mechanisms that create tails observable at di�erent
wavelengths in jelly�sh galaxies, with the ultimate goal
of understanding when the process of ram pressure strip-

http://web.oapd.inaf.it/gasp/index.html
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ping in clusters can be observed in any given range of
the electromagnetic spectrum. To do this, we perform
a simultaneous analysis of the multi-wavelength dataset
collected for JW100 by GASP. In x2 we introduce the
galaxy JW100 and summarize its properties based on
previous studies, describing its host cluster and its lo-
cation within the cluster in x2.0.1. Sectionx3 presents
all the data used in this paper: MUSE, ALMA, VLA,
Chandra (x3.1) and UVIT ( x3.2). The results of a de-
tailed analysis of the X-ray data are shown in x4. In
x5 we discuss the spatial distribution and the physical
origin of the emission at di�erent wavelengths: optical
emission lines, CO and UV inx5.1, radio continuum in
x5.2 and X-ray in x5.3. The X-ray point sources, namely
the AGN and the ULX candidate, are discussed inx6.
Our results are summarized inx7.

In this paper we use a Chabrier (2003) IMF and
the standard concordance cosmology parametersH0 =
70 km s� 1 Mpc� 1, 
 M = 0 :3 and 
 � = 0 :7. At
the JW100 cluster redshift (z=0.05509), this yields
100=1.071 kpc. The galaxy itself has a redshift
z=0.06189.

2. THE GALAXY

JW100 (also known as IC5337) is an almost edge-
on spiral galaxy in the cluster Abell 2626 (Fig. 1,
Table 1).2 Selected by Poggianti et al. (2016) as
a stripping candidate, it is one of the GASP jelly-
�sh galaxies with the most striking ionized gas tails
and is the most massive galaxy of the GASP sample
with a stellar mass 3:2 � 1011 M � (Poggianti et al.
2017a).3 The stellar and ionized gas kinematics ob-
tained with MUSE were presented in Poggianti et al.
(2017a) and a visual 3D representation can be seen at
https://web.oapd.inaf.it/gasp/jw100.html.

JW100 hosts a central AGN (Seyfert2), that
is detectable both in X-ray (Wong et al. 2008)
and from MUSE emission-line ratios (Poggianti
et al. 2017a, see also ESO press release #1725
https://www.eso.org/public/news/eso1725/). A de-

2 Some works in the literature refer to JW100 as an S0 galaxy (e.g.
Wong et al. 2008). Our analysis of the MUSE I-band light pro-
�le shows a Type II disk (Freeman 1970; Erwin et al. 2008) and
favors the hypothesis this is a (perhaps early) spiral (Franchetto
et al. in prep.). Moreover, our stellar population analysis with
the SINOPSIS code (Fritz et al. 2017) shows that star formation
was signi�cant and widespread throughout the disk until the ram
pressure started to strip the gas, as it happens in spirals. How-
ever, given its inclination (about 75 degrees) it is hard to assign
a robust Hubble type.

3 We note that the stellar mass was estimated in a slightly di�er-
ent manner in other papers, but values are consistent within the
errors, i.e. Vulcani et al. (2018); Poggianti et al. (2019).

tailed MUSE analysis con�rms that AGN photoioniza-
tion models are required to explain its emission line
properties in the central region (Radovich et al. 2019).
This work has also found a biconical outow extending
for � 2:5kpc in the North-West to South-East direction
with a velocity o�set of � 250 km s� 1 and a bolometric
AGN luminosity estimated from the luminosity of the
[OIII]5007 line of 1043:9 erg s� 1 (Radovich et al. 2019).
The derived mass outow rate is low, < 0:01 M � yr � 1,
in agreement with what is observed in AGN of similar
luminosity. In x6 we will provide the AGN X-ray lumi-
nosity.

Poggianti et al. (2019) computed JW100's current
star formation rate (SFR) from the H � luminosity cor-
rected both for stellar absorption and for dust ex-
tinction using the Balmer decrement adopting the
Kennicutt (1998)'s relation ( SFR(M � =yr) = 4 :6 �
10� 42L H� (erg=s)) and including only those spaxels that
according to the [OIII]5007/H � vs [SII]6717,6731/H�
diagram are ionized either by star formation. We found
a total (disk+tail) current star formation rate SFR =
4:0M � yr � 1, of which 20% is in the tail. Its mass and
SFR place JW100 about 0.4dex below the SFR-mass
relation for normal galaxies and � 0:65 dex below the
relation for jelly�sh galaxies (Vulcani et al. 2018), indi-
cating that star formation has already decreased due
to gas stripping. When using the [OIII]5007/H� vs
[OI]6300/H� diagnostic diagram, due to the excess of
[OI]6300 in the areas of di�use emission in the tail
(Fig. 2, see x1), we �nd that the total SFR is only
SFR = 2 :0M � yr � 1, of which only 4% is in the tail.
The di�erent conclusions reached using di�erent optical
emission lines will be discussed throughout the paper.

2.0.1. JW100 in its cluster environment

Abell 2626 is a rather poor cluster with an estimated
X-ray luminosity of 1 :9� 1044 erg s� 1 (Wong et al. 2008),
a velocity dispersion � = 650+53

� 49 km s� 1 and a mass
M 200 = 3 :9+1 :5

� 0:7 � 1014M � (Biviano et al. 2017). This
cluster hosts a peculiar radio continuum emission with
arc-like features that appear quite symmetric around the
cluster central cD galaxy. The origin of this emission,
also known as the \Kite-radio source", is still unknown
(Gitti et al. 2004; Gitti 2013; Ignesti et al. 2017; Kale &
Gitti 2017; Ignesti et al. 2018). JW100 is placed within
A2626 in the most favourable conditions for ram pres-
sure stripping (Ja��e et al. 2018), with a very high line-of-
sight velocity relative to the cluster mean (1807 km s� 1

in the cluster rest-frame) and a projected distance from
the cluster center (taken to coincide with the Brightest
Cluster Galaxy, the cD galaxy IC5338) of only 83 kpc
(Fig. 3). We note that � 150kpc to the North of JW100
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Figure 1. RGB image of Abell 2626 (NUV-B-V, UVIT+WINGS) and a zoomed-in image of JW100 (gri MUSE). In the inset,
the white contour represents the most external ( � 1:5� above background) isophote of the continuum MUSE light under H �
and delineates the stellar disk. The major axis of this contour is 50 kpc. The green arrow points to the BCG, the pink arrows
point to the other two galaxies belonging to the JW100 substructure ( x2.0.1), and the blue rectangle identi�es the other jelly�sh,
JW103.

there is another jelly�sh candidate, JW103 (Poggianti
et al. 2016, and Fig. 1), and that the cD is also a very
peculiar object, with a double nucleus and an AGN in
the southern nucleus.

Using the OmegaWINGS spectroscopic catalogue of
galaxies in the A2626 �eld (Moretti et al. 2017), we
identify 92 members with a new membership algorithm
(CLUMPS, Munari et al. in prep), based on the location
of gaps in velocity space. We then run the DS+ method
of Biviano et al. (2017) on the selected cluster members
to detect cluster substructures. We detect 6 substruc-
tures that contain 21 cluster members in total. JW100
belongs to one of these substructures, a group of three
galaxies located at a median distance of 100� 62 kpc
from the cluster center, with a median cluster rest-frame
velocity of 1628� 100 km s� 1, and a velocity dispersion4

of 145+79
� 55 km s� 1 (see Fig. 1). In Fig. 3 we display the

projected phase-space distribution of the cluster mem-

4 Being based on only three values these statistical estimates must
be considered very tentative.

bers within and outside substructures. The projected
position and velocity of JW100 suggest that this galaxy
is falling at very high speed into A2626 for the �rst time
on a radial orbit in the direction opposite to the ob-
server, and its likely close to pericentric passage (Ja��e
et al. 2018). In addition, the extended tails visible in
the plane of the sky indicate that the true velocity of
the galaxy in the cluster must be higher than the (al-
ready high) measured line-of-sight velocity.

Given the small projected distance between JW100
and the BCG, it is worth pondering the importance
of gravitational interactions between the two galaxies.
First of all, it is worth noting that neither the deep
optical MUSE image (see Fig. 1) nor the JW100 stel-
lar velocity dispersion map (Fig. 1 in Poggianti et al.
(2017a)) indicate a signi�cant disturbance. The optical
image shows a warped, regular disk and the stellar ve-
locity map display a regular, undisturbed rotating disk.
Second, the line-of-sight velocity of JW100 relative to
that of the BCG is 1772 km s� 1 (from MUSE data of
both), therefore this could only be a very high speed en-














































