
• Observed star formation in RPS tails

6 Gullieuszik et al.

Figure 1. HST WFC3 images of the six observed galaxies (a description of the data used in each of the RGB channels is given
at the end of Sect. 3.1). The scale in linear (kpc) and angular (arcsec) units are shown on the lower-left corner of each panel.
All images have been zoomed to have the same scale in linear units (kpc per pixel). The luminosity cuts and stretching function
are the same for all galaxies. North is up ad East is left.
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Figure 6. RGB, F275W, and F814W images of JO204, JO206, and JW100. The green line is the galaxy disk contour derived
from MUSE observations (Gullieuszik et al. 2020).

detected by MUSE or from a population of smaller and
undetected star forming clumps that are hiding within
the di↵use H↵ emission in the tails.
In Giunchi et al. (submitted) we present a thorough

characterization of the star forming clumps detected
from the UVIS observations presented in this paper.
These are identified either in UV or H↵ with luminosity
down to ⇠ 1036 erg s�1 Å�1 in F275W and ⇠ 1038erg s�1

in H↵; these values are very close to the detection limit

computed in Sect. 3.3. We did not detect any significant
population of compact sources in UV nor in H↵ in the
tails outside of the star forming clumps detected with
MUSE (see Poggianti et al. 2019a). Hence we can safely
conclude that the ionizing source of what was defined as
di↵use ionized emission from MUSE data is not in-situ
SF in clumps brighter than the detection limit of our
HST observations.
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• B-fields are amplified and aligned with the direction of the winds in jellyfish tails


➡ Condition that strongly suppresses mixing between the stripped ISM and ICM JO206
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• Stripped ISM does not mix well with the ICM in the MHD wind runs


• fISM: the mass fraction of the ISM in tail clouds


• Estimated using metallicity
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• Caveats


• Missing physics - Thermal conduction


• Idealized setup - Tail features can be different in live haloes


• Interesting scientific issues to be addressed


• Some molecular-rich tails are weakly or not detected in HI (e.g. 
ESO137-001 and D100)


• All cooled? preferentially ionized?

amounts of thecold molecular phase ( M109_ :) are similar to
those of thehot ionized phase observed in the tail, suggesting
that molecular gas may form a substantial fraction of the
multiphase gas. Moreover, in the tail of ESO137-001, the
observed gas components, including the rich molecular phase,
together nearly account for the missing gas in the disk. Other
tails were searched for molecular content: In the Virgo cluster,
only upper limits on CO emission were measured in the tail of
IC3418 (Jáchym et al. 2013), while several regions with
molecular gas were recently discovered at large distances in the
tail of NGC4388 (Verdugo et al. 2015), but corresponding
only to a small fraction of total mass of the gas tail. Also, in the
Virgo cluster, regions of off-disk CO emission were detected in
NGC4522(Vollmer et al. 2008), as well as in the long Hα trail
that connects M86 with NGC 4438 (Dasyra et al. 2012).

Formation and survival of molecular gas in the tails of ram
pressure stripped galaxies, in the surroundings of the hot ICM,
is an interesting problem worthfurther observational and
numerical efforts. Central regions of galaxy clusters have
revealed that cold molecular gas may exist in the long filaments
of cooling cores (e.g., Salomé et al. 2011). The central region
of the Coma cluster, the most massive and most X-ray
luminous cluster at z 0.025� , is an ideal laboratory for
studying the hydrodynamic effects of the surrounding ICM on
galaxies as well as the fate of the stripped gas. The Coma
cluster has the richest optical data among nearby massive
clusters, already with more than 20 late-type galaxies with one-
sided star-forming or ionized gas tails (Smith et al. 2010; Yagi
et al. 2010), several of which are also bright in soft X-rays. One
of the best galaxies to study is D100, a galaxy near the Coma
core with a remarkable ram pressure gas-stripped tail.

1.1. D100 (GMP 2910)

D100ʼs tail is the straightest, and has the largest length to
width ratio, of any known ram pressure stripped tail. It is bright
in multiple wavelengths. Figure 2 shows the Subaru deep
image of the galaxy (Yagi et al. 2010). Hα emission is coming
from along ( 130 60_ ´ x kpc) and extremely narrow (mostly

4. 5 2.1_ ´ x kpc) area that connects to the core of the galaxy
(Yagi et al. 2007). The inner parts of the Hα tail are also shown

in the middle panel of Figure 1, overlaid on the HST image of
the galaxy (Caldwell et al. 1999). The D100 tail is also bright in
soft X-rays (see Figure 1, left panel). GALEX observations
further revealed a UV component of the tail in the inner
∼15 kpc of its length (Smith et al. 2010). Some star formation
is thus likely taking place in the stripped material. No H I was
detected with VLA in the galaxy or the tail (Bravo-Alfaro
et al. 2000, 2001).
D100 is a L0.3 * SBab type galaxy (see Table 1) with

anestimated stellar mass of M2.1 109q : (Yagi et al. 2010).10

It exhibits starburst in its core, with acurrent star-formation rate
of M2.3_ : yr−1 (derived from WISE band 4), and poststarburst
characteristics in the rest of the disk. D100 is projected at only
∼240 kpc from the Coma cluster center. Figure 1 (left panel)
shows its position in a Chandra view of the central parts of the
Coma cluster. Its radial velocity component relative to the Coma
mean is approximately−1570 km s−1 (Yagi et al. 2007).
In the HST image in Figure 1 (right panel), prominent dust

features obscuring the eastern side of the disk are clearly visible
(Caldwell et al. 1999). They coincide with the tail direction.
The image also reveals a strong two-armed spiral pattern
extending out to an ∼1.4 kpc radius. While two early-type
galaxies are projected close to D100, GMP2897 (D99) at
∼10 kpcand GMP2852 at ∼30 kpc, their radial velocities are
substantially larger (by about 4500 and 2000 km s−1, respec-
tively). Another galaxy, a low-surface brightness GMP2913
occurs at a projected distance of ∼9 kpc from D100 (see
Figure 1, middle panel). Its radial velocity is only∼130 km s−1

lower than that of D100, which makes their interaction possible
(Yagi et al. 2007). However, the optical isophotes of D100 are
symmetric and do not indicated any (strong) recent tidal
interaction.
In this paper, we report our discovery of abundant molecular

gas component in the prominent tail of D100. We study its
distribution and kinematics and compare it with the warm
ionized component, and discuss the origin of the tail and of the
molecular gas in the tail. The paper is organized as follows.

Figure 1. Left: Chandra view of the central parts of the Coma cluster. Positions of two large elliptical galaxies NGC4889 and NGC4874 are shown with circles,
together with the position of D100. The remarkable ∼48 kpc long X-ray tail extending to the NE direction from D100 is clearly visible. Image credit: NASA/CXC/
MPE/Sanders et al. (2013). Middle: HST view of D100ʼs closest neighborhood: projected to the SE is the S0 galaxy D99 (GMP2897) and to the S a weak galaxy
GMP 2913. The Subaru Hα tail is overlaid in red (Yagi et al. 2010). Right: HST WFPC2 zoom on D100 showing prominent dust extinction filaments extending from
the nucleus, as well as two spiral arms and a central bar. The RGB image was created by combining a B (F450W filter, blue), an I (F814W filter, red), and a merged
B+I (green) images. A F450W image was already published by Caldwell et al. (1999).

10 The stellar mass estimate comes from the MPA-JHU SDSS catalog in the
DR7_v5.2 version.
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D100 in the Coma cluster
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ESO137-001 in the Norma cluster
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Figure 3. Overlay of ALMA CO(2-1) emission (red) on MUSE Hα emission (green) and the HST WFPC3 image of ESO 137-
001 (blue: F275W; green: F475W; red: F814W) with Chandra X-ray contours on top (Sun et al. 2010). North is up. Only the
inner half of the (X-ray) tail is displayed. The upper left and lower right parts of the image were not covered by the MUSE
observations (see Fig. 2 in Fumagalli et al. 2014). The HST image reveals a highly inclined spiral galaxy disk (i ∼ 66◦) plus
numerous complexes of blue, recently formed stars to the west of the disk, associated with parts of the ram pressure stripped
gas tail.

M(H2) ∼ 9.6 × 107 M⊙. Thus, about 80% of the de-
tected total tail CO flux is in the central component,
while small fractions of ∼ 10% are in the southern and
northern regions. This indicates that the most impo-
rant contribution to the molecular tail component comes
from the relatively dense ISM most recently stripped
from the central disk regions.

The total mass of the detected dense molecular gas
in the tail is comparable to the total estimated X-ray
gas mass of about ∼ 109 M⊙, but larger than the upper
limit estimate for neutral atomic gas of ∼ 5 × 108 M⊙

(Sun et al. 2006; Vollmer et al. 2001b; Jáchym et al.
2014).
The velocity structure shown in the bottom panel of

Fig. 2 is dominated by the galaxy’s rotation that is



• Summary & Conclusion


• Ram pressure stripping has complicated impacts on galaxies


➡Mild ram pressure can rather enhance disk SF by compressing dense clouds


• Prominent tail features of jellyfish galaxies form when strong ram pressure is exerted on a gas-
rich disk


➡Mixing between the stripped ISM and the ICM plays a key role in the tail formation 
processes   


• Presence of magnetic fields in the ICM can significantly change the tail features


➡Magnetic fields suppress mixing, leading to the formation of less warm/dense clouds in the 
RPS tails


