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ABSTRACT

We present a spatially resolved stellar population analysis of 61 jellyfish galaxies and 47 control galaxies observed with
ESO/MUSE attempting to understand the general trends of the stellar populations as a function of the stripping intensity and
mass. This is the public sample from the GASP programme, with 0.01 < z < 0.15 and 8.9 < log (M,/Mg) < 12.0. We apply
the spectral population synthesis code FADO to fit self-consistently both the stellar and nebular contributions to the spectra of
the sources. We present 2D morphological maps for mean stellar ages, metallicities, gas-phase oxygen abundances, and star
formation rates for the galaxies with Integrated Nested Laplace Approximation (INLA), which is efficient in reconstructing spatial
data of extended sources. We find that ‘extreme stripping’ and ‘stripping’ galaxies are typically younger than the other types.
Regarding stellar and nebular metallicities, the ‘stripping’ and ‘control passive’ galaxies are the most metal-poor. Based on the
phase space for jellyfish cluster members we find trends in ages, metallicities, and abundances with different regions of the
diagram. We also compute radial profiles for the same quantities. We find that both the stripping and the stellar masses seem
to influence the profiles, and we see differences between various groups and distinct mass bins. The radial profiles for different
mass bins present relations already shown in the literature for undisturbed galaxies, i.e. profiles of ages and metallicities tend to
increase with mass. However, beyond ~0.75 effective radius, the ages of the most massive galaxies become similar to or lower

than the ages of the lower mass ones.
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1 INTRODUCTION

A galaxy’s environment plays an essential role in determining its
morphology and star formation. The ram pressure stripping (RPS;
Gunn & Gott 1972) is a phenomenon that changes both in dense
environments. This effect occurs when a galaxy falls into denser
regions of the cluster/group and has its gas removed by the ram
pressure caused by the gas from the intracluster medium (ICM)
when it is sufficient to overcome the gravitational potential of the
galaxy. Stripping has already been observed in all sorts of galaxies:
spirals (Kenney & Koopmann 1999; Poggianti et al. 2016; Fossati
et al. 2018a; Roman-Oliveira et al. 2019), ellipticals (Sheen et al.
2017), dwarfs (Kenney et al. 2014), and even ring galaxies (Moretti
et al. 2018).

The most extreme cases of galaxies undergoing RPS are called
jellyfish galaxies. Their name is due to the tail-like structures of
stripped gas resembling the tentacles of the namesake sea animal.
The gas extends in the opposite direction of the galaxy infall (see
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Boselli, Fossati & Sun 2022, and references therein). Although pieces
of evidence of the tails of gas in such stripped galaxies were observed
for the first time in 1984 (Haynes, Giovanelli & Chincarini 1984), it
was just in the last years that astronomers have been dedicating
special attention to those objects, creating large catalogues and
commanding surveys dedicated to jellyfish galaxies. Such objects
have been observed with photometry and spectroscopy in the optical,
UV, IR, and radio (Jaffé et al. 2015; Poggianti et al. 2017; Fossati et al.
2018a; George et al. 2018; Roman-Oliveira et al. 2019; Roberts et al.
2021a). Large amounts of atomic and ionized gas have been found
in the tails and disc of these galaxies (Jaffé et al. 2015; Poggianti
et al. 2017; Fossati et al. 2018b; Poggianti et al. 2019; Ramatsoku
et al. 2019; Roman-Oliveira et al. 2019; Deb et al. 2020; Moretti
et al. 2020a; Ramatsoku et al. 2020). For instance, recently over 70
jellyfish candidates were identified in the A901/2 multicluster system
(Roman-Oliveira et al. 2019), 95 were detected in low-redshift (z <
0.05) clusters (Roberts et al. 2021a), and 60 were observed in low-
redshift (z < 0.05) groups (Roberts et al. 2021b), and over 200 at
intermediate-redshift (0.2 < z < 0.9) systems (Durret et al. 2021,
2022). A great sample of jellyfish candidates at redshifts 0.04 < z
< 0.07 was observed and described in Fasano et al. (2006). From
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the initial selection, 94 were further observed by the GAs Stripping
Phenomena in galaxies with MUSE (GASP) survey (Poggianti et al.
2017), an integral-field spectroscopic survey that uses the Multi-
Unit Spectroscopic Explorer (MUSE) spectrograph in the Very Large
Telescope (VLT).

Previous works suggest that systems with cluster mergers can
trigger RPS events (Owers et al. 2012; McPartland et al. 2016),
thus enhancing the formation of jellyfish galaxies. For example, the
multicluster system A901/2, formed by four subsystems, presents a
large population of stripped galaxies that seem to be preferentially
near boundary regions where diffuse gas moving along with the
subcluster and diffuse gas from the remnant of the system meet
(Roman-Oliveira et al. 2019, 2021; Ruggiero et al. 2019). In such
regions, the significant change in the speed increases the ram pressure
up to a factor of ~1000 (Ruggiero et al. 2019). But this type of galaxy
forms even in lower mass groups (down to 10'23 My,), although less
frequently than in clusters (Roberts et al. 2021b). Cluster jellyfish
galaxies present an enhanced global star formation rate compared to
other star-forming galaxies in the same environment (Vulcani et al.
2018; Roman-Oliveira et al. 2019; Roberts et al. 2021a). At the same
time, group jellyfish galaxies do not suggest such enhancement and
seem to be stripped more slowly than those in clusters (Oman et al.
2021; Roberts et al. 2021b).

The stripping is more efficient in high-mass clusters and low-mass
galaxies, but the most extreme cases are massive galaxies (Jaffé et al.
2018). Both observations and simulations indicate that the jellyfish
galaxies are recent infallers in clusters, with an infall time between
~ 1 and 3 Gyr (Jaffé et al. 2018; Yun et al. 2018). The fate of these
transforming galaxies is still a matter of debate. It is believed that
the RPS can turn spirals and irregulars into SO’s and ellipticals by
removing the gas of the galaxy to the point of quenching it (Larson,
Tinsley & Caldwell 1980). Besides transforming to SOs, spirals may
also become less concentrated (lower Sérsic indices; Roman-Oliveira
et al. 2021). Observations of a jellyfish galaxy falling along the line
of sight (Bellhouse et al. 2017; George et al. 2019) and the existence
of truncated discs among jellyfish candidates (Boselli et al. 2016;
Fritz et al. 2017) support the idea that the stripping is outside-in
(i.e. occurs first in the outer regions of the galaxy). It has also been
proposed that part of the great amount of ultracompact dwarfs (UCD)
and intracluster globular clusters (GC) at low redshift clusters can
originate from those H1I regions that are stripped from the tails of
jellyfish galaxies (Poggianti et al. 2019).

The star formation enhancement in cluster jellyfish galaxies occurs
likely due to shock waves produced by the ram pressure (Vulcani
et al. 2020). As a result, H1I clumps are formed in the disc and the
tails, extending up to 80 kpc from the galactic centre. The clumps in
both disc and tails follow similar Mya—M,, Ly—0, and SFR—M g,
relations (Poggianti et al. 2019), where M, is the stellar mass, Mg, is
the gas mass, Ly, is the H, luminosity, o is the velocity dispersion
of the gas, and SFR is the star formation rate. In addition, the gas
kinematics in the tails tend to follow the gas kinematics at the galaxy
disc (Poggianti et al. 2017; Gullieuszik et al. 2018; Bellhouse et al.
2019). Some galaxies undergoing RPS are found to have a much
larger amount of H, than undisturbed galaxies, suggesting that the
stripping is causing conversion of H1 into H, so that it could be one
of the causes of star formation enhancement (Moretti et al. 2020a,b).
The SFR depends on various parameters of the galaxies and host
clusters, but Gullieuszik et al. (2020) found some general trends:
galaxies with lower SFR in the tails are found at relatively large
cluster-centric distances (from 0.4 up to 1.8R;¢) and galaxies with
large SFR in the tails (> 0.25 Mg yr~!) that are moving at great
speed (>20) in the innermost regions of the clusters (<0.5R»q)
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are massive and hosted in low-mass clusters. Also, the RPS occurs
preferentially at intermediate cluster-centric distances in massive
clusters (o > 900 kms~') and at lower distances in intermediate
(600 kms™! <o < 900 kms™!') and low-mass (oo < 600 kms™")
clusters.

The study of some cases of strongly stripped galaxies finds a
decrease in the metallicity of the star-forming clumps in the tails,
along with their distance to the stellar disc, which supports a scenario
where the metal-poor ICM is cooled and mixed to the metal-rich
stripped gas (Franchetto et al. 2021). Also, the stripped galaxies seem
to present an extended X-ray emission component that follows the
interstellar medium (ISM) and is compatible with the thermal cooling
of a warm plasma. This suggests that the ICM is being cooled on
the surface of the ISM and eventually can be accreted, triggering
episodes of star formation (Campitiello et al. 2021). Besides those
aspects, a strong magnetic field parallel to the direction of the tails
may be a critical factor in allowing in situ star formation in these tails,
preventing the cold gas clouds from exchanging heat and momentum
with their surroundings (Miiller et al. 2021).

Most of the literature results are based on deriving the SFR of
those galaxies using their emission lines fluxes. However, by doing
this, only the recent star formation is probed (e.g. Kennicutt 1998).
Aiming to investigate deeper the star formation in jellyfish galaxies,
we performed a self-consistent analysis of the stellar population and
nebular emission using the spectral synthesis code FADO (Gomes &
Papaderos 2017) in 113 moderate-quality (signal-to-noise ratio > 2
in the H «) public data cubes downloaded from the ESO archive from
the GASP survey (Poggianti et al. 2017).

The data and sample selection are explained in Section 2, along
with more details about the sample. The stellar population synthesis
code, other tools and models used in this work, are presented in
Section 3. In Section 4, we show the results of the synthesis and
the respective analysis. In Section 5, we discuss the relation of the
synthesis results with the environment, the masses, and the intensity
of the stripping. Finally, in Section 6, we summarize our work and
present our conclusions. In the supplementary material, we present
2D morphology maps of mean stellar ages and metallicities, H,
emission, surface density star formation rates (Xsgr), and oxygen
abundances for the galaxies of the sample. Throughout this work we
used the following cosmology: Hy = 67kms~'Mpc~!, Q) = 0.3,
Qa = 0.7 (Kozmanyan et al. 2019).

2 DATA

In this work, we analyse a sample of 113 public data cubes of galaxies
from the GASP survey (Poggianti et al. 2017). The reduced data
of all the galaxies from GASP DR1 and DR2 were downloaded
from the ESO Archive. The data from GASP (Poggianti et al. 2017)
was obtained using the spectrograph MUSE (Bacon et al. 2010) on
VLT, covering the wavelength range of 4650-9300 A with a spectral
sampling of 1.25 A, spectral resolution of ~ 2.6 A, FoV of 1 arcmin?,
angular sampling of 0.2 arcsec, and spatial resolution of 0.4 arcsec,
s0 it is capable of observing regions of the galaxies distant from the
disc and with good resolution.

The GASP parent sample encompasses three other surveys cover-
ing low-redshift environments (0.4 < z < 0.7). Galaxies in clusters
are selected from WINGS and OMEGAWINGS (Fasano et al. 2006;
Gullieuszik et al. 2015), and galaxies within groups and from the field
are selected from PM2GC catalogue (Calvi, Poggianti & Vulcani
2011). The galaxies in this work whose names begin with ‘JW’ or
‘JO’ refer to WINGS and OMEGAWINGS galaxies, thus the ones
in clusters, while the others refer to groups or field galaxies.
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To ensure minimum reliability in the synthesis and filter very low-
quality spectra we fit only the spaxels with a signal-to-noise ratio
(SNR) > 2 in the Ha line. To compute the SNR, we first calculate
the ratio between the flux and the standard deviation arrays in an
8 A wavelength window blue and redwards of the rest-frame H,
emission line and evaluate the mean. With these criteria, we ensure
that we fit both disc and tails of the jellyfish. To improve the SNR in
the continuum and simultaneously avoid a significant loss of spatial
resolution, we have binned the spaxels 2x2 (sum 4 spaxels in 1). By
doing such binning, the spatial resolution becomes 0.8 arcsec, which
is lower than the usual lower limit of the atmospheric seeing (2 0.8
arcsec). In our efforts to enhance the signal-to-noise ratio (SNR), we
employed both Butterworth filtering and Voronoi binning techniques.
Unfortunately, these methods did not yield satisfactory results. The
application of Voronoi binning led to a substantial spatial degradation
in the tails of the galaxies. At the same time, the implementation of
Butterworth filtering resulted in a significant increase of SNR solely
within the central regions of the galaxies.

We used the dust maps from Schlegel, Finkbeiner & Davis (1998)
and the CCM reddening law with R, = 3.1 (Cardelli, Clayton &
Mathis 1988; O’Donnell 1994) to correct the fluxes according
to the extinction caused by the dust from the Milky Way. We
computed the redshifts using the difference between the measured
wavelengths of prominent emission lines and their respective rest-
frame wavelengths.

Following Jaffé et al. (2018), we classified the disturbed galaxies
into different groups based on their Ha emission. The ‘extreme
stripping’ (ES) are the most extreme cases of jellyfish and have
the longest tails; ‘stripping’ (S) galaxies are the ones with ongoing
evident stripping, but more moderate than the ES ones; ‘post-
stripping’ (PS) are galaxies with active star formation in the inner
regions but have a truncated disc in the outskirts; and “? are the
ones for which the cause of the disturbance is unknown. Our sample
consists of 11 ES, 46 S, 4 PS, and 5 ’?. Additionally, the control
sample is formed of 47 galaxies, of which 36 are star-forming (CSF)
and 11 are passive (CP). The control sample is formed of galaxies
that do not present clear signs of stripping nor H « emission beyond
the disc (Vulcani et al. 2018; Franchetto et al. 2020).

3 STELLAR POPULATION SYNTHESIS

Implementing stellar population synthesis (SPS) techniques on a
vast sample of data cubes presents a complex challenge. By design,
these algorithms function on an individual spectrum, necessitating
spectra extraction from each desired spaxel within a data cube before
executing the SPS separately. This process requires substantial data
storage capacity and considerable computational time. MUSE cubes
typically range between 3 and 6 GB in size, with SPS outputs
for a single cube potentially exceeding 10 GB. In addition to the
substantial CPU memory required, synthesizing an entire galaxy on
a personal computer takes approximately a whole day. The analysis
was performed on a machine with the following specifications: CPU-
2.45GHz AMD 7763 (128C/256T); GPU-NVIDIA A100 (80GB);
OS-Ubuntu Linux 18.04 64-bit; RAM—-4 TB. By employing this
system, it was possible to apply the spectral synthesis technique to a
substantially increased quantity of spectra simultaneously, resulting
in areduction of the total processing time to approximately one week.

3.1 Spectral fitting code
In order to implement the SPS in the MUSE data cubes, we

used the code FADO (Fitting Analysis using Differential evolution
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Optimization; Gomes & Papaderos 2017). FADO uses a genetic
differential evolution optimization algorithm to fit the spectra with
the additional constraint of the nebular emission (continuum plus
lines), computed with the flux of various emission lines (Ha, H 8,
[N11], [St], [O11], etc). This constraint is critical for the synthesis
of star-forming galaxies (Cardoso, Gomes & Papaderos 2019) since
it enables the computation of nebular spectra (in addition to the
stellar one) and the number of young stars (¢ < 20 Myr) necessary
to produce the measured gas ionization. The inclusion of the nebular
component makes FADO a very suitable SPS code to analyse the stellar
populations in the tails and discs of the jellyfish galaxies, which
are the main sites of star formation and present many H1I regions.
During the stripping the SFR of these galaxies is known to increase
throughout its whole extent (Vulcani et al. 2018), suggesting the
ubiquitous presence of young stellar populations along the galactic
structure.

3.2 The base of elements

In this work, we used a base of elements comprising 68 Simple
Stellar Populations (SSPs) from Bruzual & Charlot (2003). The
SSPs were computed using the ‘Padova 1994’ (Alongi et al. 1993;
Bressan et al. 1993; Fagotto et al. 1994a,b; Girardi et al. 1996), and
Schoenberner (1983); Koester & Schoenberner (1986); Winget et al.
(1987); Vassiliadis & Wood (1993, 1994) evolutionary tracks and
the STELIB stellar library (Le Borgne et al. 2003) extended with
BaSeL library (Bessell et al. 1989, 1991; Fluks et al. 1994; Allard &
Hauschildt 1995; Kurucz 1995; Rauch 2002) for the UV. We have
adopted a Chabrier (2003) IMF, with lower and upper mass cutoffs
equal to 0.1 Mg and 100 Mg, respectively.

We selected SSPs with 17 different ages ranging from 1 Myr
to 13 Gyr and 4 metallicities. This base has a 3.0 A full-width
half-maximum (FWHM) spectral resolution in the wavelength range
encompassed by our data. The base has spectra for young populations
down to 1 Myr, which is fundamental to describing the underlying
continuum of star-forming galaxies. The solar metallicity adopted
by those models is Zg = 0.02. The SSPs selection follows the
methodology described in Dametto et al. (2014). In short, we
have computed the differences in the spectra of two populations
with consecutive ages and solar metallicity. The most significant
differences appear for populations younger than 5 Myr; we choose
1, 2.09, and 3 Myr as representative ages in that range.

We make such a selection because using the entire base of
Bruzual & Charlot (2003) is redundant for the synthesis. Populations
with similar ages have very similar theoretical spectra; with the noise
addition, they are nearly indistinguishable. Additionally, using too
many SSPs increases the computational time enormously without
improving the fit accuracy. The final counts with populations with 17
ages (t =1.00, 2.09, 3.02, 5.01, 10.00, 25.12, 50.00, 101.50, 321.00,
508.80, 718.70 Myr and 1.02, 2.00, 3.00, 5.00, 10.00, 13.00 Gyr)
and 4 metallicities (Z = ﬁZQ, %ZQ, 1Z5, %Z@), which have seven
representative ages for young populations (f < 100 Myr), seven
representative ages for intermediate populations (100 Myr < ¢t <
5 Gyr), and three for old populations ( > 5 Gyr).

3.3 Synthesis post-processed by-products

To enable quick statistical analysis of large galaxy samples, reducing
the synthesis output into a few quantities characterizing the overall
stellar and nebular component of a galaxy is useful. We will next
define the most commonly used in the analysis of SPS results. These
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secondary best-fitting quantities include the first moments of the
distribution and from emission lines luminosity computed with FADO.

For each spaxel, the mean stellar ages are defined in two ways
(Cid Fernandes et al. 2005; Gomes & Papaderos 2017). The mean
age weighted by light can be expressed as:

N,

<logt >, = x;log(t;), 1)

j=1

meanwhile, the mean age weighted by mass is expressed as:

N,
<logt >y= Z“/ log(z), 2)

j=1

where ¢ is the age of the j-th SSP from the base measured in years,
x; is the fraction with which it contributes to light, j; is the fraction
with which it contributes to mass, and N, is the number of SSPs in
the base. Similarly, the mean stellar metallicities are defined as:

N,

<Z>L:ijzj’ (3)
j=1
Na

<Z>M=Z/Lij, (4)
j=1

where Z; is the metallicity of the j-th SSP.

Besides the stellar metallicities, it is equally interesting to visualize
the gas-phase metallicities in our sample. For that, we computed the
gas-phase oxygen abundances of the ISM through the calibration of
Dopita et al. (2016):

log(O/H) 4 12 = 8.77 + log([Nii]/[Sii])
+0.264 x log([Niil/ H,), 5)

where [N11] is the flux of the [N1]A 6548 A + [N 1]A 6583 A lines,
and [S 1] is the flux of the [ST]A 6716 A + [S1]A 6731 A lines.

We also compute the recent star formation rates via SPS, as done
in Asari et al. (2007); Riffel et al. (2021):
ame  AM: Y ML .
a A At ©
where j refers to the j-th population in the base, and M¢ is the total
mass converted to stars in the time interval A¢. This is different from
the mass locked inside stars, which must be corrected for the mass
returned to the ISM by stellar evolution. FADO computes the total M¢
and we can then use the coefficients p; to find the mass converted
into stars in a given time. In this work, we chose Ar = 25.12 Myr. As
presented by Asari et al. (2007); Riffel et al. (2021), SFRs computed
via synthesis with At around 20 and 25 Myr show a strong correlation
to the SFRs computed via H,, emission.

Adopting a uniform dust screen model, the attenuation in the V
band is estimated from the Balmer decrement via the expression:

2.5Ry H, Hy
log || — X | — R (7
[—]/5 int HO‘ obs

= —X
k(A r,) — k(A ag)

where (H,/Hp )in is the intrinsic ratio between the H, and Hg. Assum-
ing the case B recombination with electronic density n, = 10> cm™3
and temperature 7, = 10000K, (H,/Hg)i,; = 2.87 (Osterbrock &
Ferland 20006). It is worth mentioning that this assumption is widely
used for normal star-forming galaxies and H1I regions. (Hy/Hg)ops
is the observed ratio and k(%) is the attenuation function, where we
assume the Calzetti reddening law (Calzetti et al. 2000). k(1) =
A,/E(B — V), where A, is the extinction in the wavelength A and

SFR(7) =

%
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Figure 1. Left-hand panel: 2D morphological map of <logt > ; (mean
stellar age light-weighted) for the galaxy JO85, located at z = 0.0356 in the
Abell2589 cluster. Right-hand panel: Same map for the same galaxy but now
applying the Integrated Nested Laplace Approximation (INLA), which reveals
and highlights previously less apparent substructures (left-hand panel).

E(B — V) = Ay/Ry. For these calculations, we adopted the extinction
factor Ry = 3.1 (Cardelli et al. 1988; O’Donnell 1994).

4 RESULTS

Performing SPS on data cubes provides detailed spatially resolved
information about the SFH of the galaxy. For a given spectrum in the
IFU cube, FADO computes the fractional contribution of each SSP
in the base. The fractional contribution can be computed as light or
mass fractions since the model spectral energy distribution (SED)
for an SSP, such as in Bruzual & Charlot (2003), is normalized by
one solar mass of that population. In this work, we only performed
the synthesis in the spectra with SNR(H,) > 2. That said, we then
computed the mean stellar ages and metallicities of each spaxel,
using both the light (light-weighted) and stellar mass fractions (mass-
weighted). Moreover, massive stars (e.g. O & B) are much more
Iuminous but less numerous than less massive ones. In addition, they
are short-lived (of the order of a few Myr). Therefore, the luminosity
of stellar populations containing a small number of high mass stars
can easily dominate the total luminosity of a galaxy in a given spectral
band (UV and optical), thus yielding a high young stellar population
light-fraction contribution. On the other hand, stellar mass fractions
are usually dominated by low mass long-lived stars (e.g. K & M)
because they are more numerous (see Hopkins 2018, for a review).
Thus, weighting the stellar populations by mass tends to be skewed
towards older populations, typically resulting in higher fractions of
these populations. Because of this difference, it is interesting to
present our measurements in both ways.

To better visualize the 2D morphological maps of mean stellar ages
and metallicities, as well as the maps of other quantities, we used
the Integrated Nested Laplace Approximation (INLA), an alternative
method to Markov Chain Monte Carlo for fast Bayesian inference.
As shown in Gonzélez-Gaitan et al. (2019), this method is efficient in
reconstructing spatial data of extended sources (such as our 2D maps)
considering the spatial correlation. In other words, it smoothes the
results of the spectral synthesis considering the spatial correlation
between neighbouring pixels, since it is not physically accurate
that close regions have considerably different values for the same
quantity. Fig. 1 exemplifies the difference between a 2D map with
and without the implementation of INLA.

For the 113 galaxies in our sample, we constructed 2D maps of
mean stellar ages and metallicities weighted by light and by mass,
gas-phase oxygen abundances, and SFR surface densities (Xggr),
which is the ratio of SFR to the area in pc?. Fig. 2 presents the maps
for the galaxy JO204, located at z = 0.0424 in Abell957x cluster,
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Figure 2. This is an example of 2D morphological maps for the jellyfish
galaxy JO204 located at a redshift of z = 0.0549 in the Abell957x cluster.
First row: maps of fluxes for Hy, + [Nyy] lines (left-hand panel) and for 6530—
6600 A continuum window (right-hand panel). Second row: maps of <log
> 1 (left-hand panel) and <log? > js (right-hand panel). Third row: maps
of <Z > [, (left-hand panel) and <Z > j (right-hand panel). Fourth row:
oxygen abundances (left-hand panel) and star formation rate surface density
(right-hand panel). INLA was implemented in all maps.

as an example. The extra material section presents figures similar to
Fig. 2 for the rest of the sample. The maps seem to be ‘clumpy’,
due to jellyfish galaxies’ clumpy star formation nature. Most of the
stellar age maps show that the most central regions are older than
the outskirts and tails. The mean stellar and gas metallicities do not
present any clear pattern. Neither mean stellar ages nor metallicities
match precisely the structures seen in the H, and continuum maps.
As discussed further in Section 5.2, it is a trend of the sample that
the mean ages decrease with radius, but the radial profiles of stellar
and gas metallicities are more varied.

In order to analyse the distribution of star formation through time,
we define the quantities tso; and tsoy, which represent the lookback
time at which 50 per cent of the stellar light and mass, respectively,
was formed in a galaxy. Half of the mass present in stars today in a
galaxy is formed by populations with ages >150ys, and half of its light
is emitted by populations with ages >tso.. Similarly, we introduce
toor, and fogps, Which, like 759, and #sop, represent the lookback time
at which 90 per cent of the light and stellar mass, respectively, was
formed in a galaxy. The range of those quantities for different groups
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in the sample, as well as mean ages, are listed in Table 1. Given
the large spread in such values for the same group, we see no clear
distinction between the types of galaxies.

4.1 Intensity of stripping

Intending to explore the relation of stellar populations of our jellyfish
galaxy candidates with the intensity of the stripping, we classified
the galaxies into groups following Jaffé et al. (2018) classification
mentioned in Section 2. Based on the H « emission, we separated the
galaxies into ‘extreme stripping’, ‘stripping’, ‘post-stripping’, and
‘unknown’, which encompass respectively 11, 46, 4, and 5 galaxies,
plus a control sample of 47 galaxies (36 star-forming and 11 passive).
We should keep in mind the difficulties that the projection may imply
in the identification and classification of such objects. For instance,
if a jellyfish galaxy with very long tails is moving along the line-
of-sight, tails and disc overlap in the observations, and it is difficult
for us to estimate the real length of the tails or even to realize that
galaxy is a jellyfish at all. Simulations estimate that approximately
30 per cent of the existing jellyfish galaxies are not identified as such
because of projection effects (Yun et al. 2018).

Therefore we calculate the average of the mean stellar ages and
metallicities of each class, as well as the gas-phase mean oxygen
abundances, computed as the arithmetic average of <log? > ;, <log ¢
>y, <Z > 1, <Z > y, and log (O/H) + 12 of the galaxies of each
group, shown in Fig. 3. The mean values (stellar age, metallicity,
and oxygen abundance) for one galaxy are taken from the synthesis
of its integrated spectrum, and the average of the groups as the
numerical average of the values of objects in each group. The average
mean stellar ages of ES and S galaxies tend to be lower than the
other groups, which is consistent with the fact that the stripping
enhances star formation along all the galactic radii. However, the
uncertainties (standard deviations) pose a challenge in arriving at
definitive conclusions.

As computed by Gullieuszik et al. (2020), the most extreme
jellyfish galaxies have a much higher SFR in the tails compared
to those with more moderate stripping. Despite this increase in
SFR in the tails for higher classes, we do not find any significant
difference in the global sSFR of the groups. We computed the mean
and standard deviation of the logarithm of masses and sSFR of each
group, presented in Table 2. The sSFRs of ES and S galaxies are
similar to the CSF ones. Those three have in fact sSSFRs higher than
PS and CP groups, which encompass galaxies completely or partially
quenched. However, the uncertainties in the measurement of those
two groups are the largest. Although there seems to be no very clear
difference in the global sSFRs, differences arise between the groups
when investigating their radial profiles of sSFRs (see Section 5.2).

‘We do not observe a correlation between the intensity of stripping
and the stellar or gas-phase metallicities. The ES group seem to
be the one with higher metallicities, but both PS and CP groups
are more metal-rich than the S galaxies. Again it is difficult to
draw strong conclusions from this figure given the uncertainties.
The nebular oxygen abundance shows a pattern resembling the
stellar metallicities, with the difference that the CP group is the one
with higher abundances, although it is also the one with the largest
standard deviation.

5 DISCUSSION

In this section, we explore the impact of strip intensity, orbit within
the host cluster, and the total stellar mass on stellar population
properties (such as ages and metallicities), nebular characteristics,
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Table 1. <log? > 1, <logt > u, ts0L, tooL, tsom, and topp for all the groups in our sample.
Type <logt > (logyr) 1501 tooL <logt >p (logyr) tsom toom
ES 7.2-9.1 50 Myr-1 Gyr 3 Myr-321 Myr 7.6-9.8 50 Myr-13 Gyr 5 Myr—1 Gyr
S 6.7-9.5 5 Myr—13 Gyr 5 Myr—1 Gyr 6.7-10.1 5 Myr—13 Gyr 5 Myr—13 Gyr
PS 7.7-8.9 50 Myr-1 Gyr 50 Myr-101 Myr 7.7-9.8 50 Myr-10 Gyr 50 Gyr—1 Gyr
2 6.7-9.0 5 Myr—2 Gyr 5 Myr—509 Myr 6.7-9.8 5 Myr—10 Gyr 5 Myr—1 Gyr
CSF 7.6-9.4 50 Myr-10 Gyr 3 Myr-509 Myr 7.6-10.1 50 Myr-13 Gyr 25 Myr-13 Gyr
CP 8.1-9.9 321 Myr-13 Gyr 3 Myr-3 Gyr 8.8-10.1 1 Gyr—13 Gyr 321 Myr-13 Gyr
Table 2. Mass, SFR, and sSFR for the galaxies in our sample, as well as the
10.01 ¢ w J-classes.
MW
o 957 Group log(M,/Mg) log(sSFR [yr—'])
()]
2 90} . ES 105 + 0.6 —10 £ 1
] S 9.9 £ 0.7 —10 £ 1
€ g5t PS 104 + 0.4 —13+4
Unkown 9.3 £ 0.8 -9 %1
8.0 CSF 10.0 + 0.6 —103 £ 0.8
, , , . . CP 103 + 0.6 —13 + 4
_ 201
.’EG.) normalized by Rago.' The values of 7/Ryy and v/o for the galaxies
>15F of our sample were taken from Gullieuszik et al. (2020), which
S A contains the values for 54 galaxies in clusters only, where Ry, were
g 1.0t available. It is important to stress that the values for velocities and
£ radius in the phase space are projected measurements, possibly prop-
S o5t agating great uncertainties. Velocity and distance are 3D quantities,
GE" but we observe only radial velocities and radii projected on the
00k, . . . ‘ plane of the sky. These projected values work similarly to lower
limits.
Nevertheless, it is worth verifying whether there are possible age
and metallicity differences with this environmental probe. Fig. 4
~ 9.5
— shows two phase-space panels, where <log? > ; and <Z > |
+ are plotted in the colour dimension. The region in the lower left-
i 9.0} + hand corner is the approximate region where one expects that most
% galaxies are virialized (Mahajan, Mamon & Raychaudhury 2011;
° Jaffé et al. 2015; Rhee et al. 2017; Jaffé et al. 2018). Outside it and
8.5r to the right is the region of recent infallers, where most galaxies are
in their first infall or in the ‘back-splash’ (i.e. previously entered
cP CSF PS 3 ES the cluster but are now beyond the virial radius). This segregation

Figure 3. Mean stellar ages (top), mean stellar metallicities (middle), and
nebular oxygen abundance (bottom) are grouped by J-class. J5 represents
the group of the most stripped jellyfish candidates, while J1 represents those
galaxies with slight asymmetries.

and SFR. First, we investigate our sample’s mean stellar ages and
metallicities, grouping them accordingly to different stripping stages
(see Section 4.1). Then, we examine the scatter of stellar ages
and metallicities across different orbits (phase space diagram 5.1).
Furthermore, we construct 1D radial profiles for each galaxy using
light and mass-weighted stellar ages and metallicities, gas-phase
oxygen abundances, and specific star formation rates (sSFR). Finally,
we compute the median profiles for different bins of stellar mass and
groups of stripping intensity.

5.1 Phase space

One further analysis interesting to explore is the phase space diagram,
which is the galaxy’s line-of-sight velocity normalized by the cluster
velocity dispersion (v/o’) versus the projected cluster-centric distance

is based on the time since infall (which is defined as the time
since the galaxy crossed Rjy for the first time). The virialized
region is dominated by galaxies that entered the cluster 2 4 Gyr,
meanwhile the outside of the virialized region of the phase space,
the dominance is for those that entered < 3 Gyr (Rhee et al.
2017).

We computed the medians of ages and metallicities for the jellyfish
galaxies in the different regions of the diagram, adopting the median
absolute deviation as the uncertainties and not considering control
galaxies. We have found that the jellyfish in the virialized region
have median ages equal to 8.3 &+ 0.3 and 9.0 £ 0.5, for light- and
mass-weighted ages, respectively. On the other hand, the median ages
of the remaining jellyfish are 8.1 £ 0.4 and 8.4 & 0.5. There is no
significant difference between the ages of galaxies inside and outside
the virialized region when weighted by light. But when weighted by
mass the values present a difference larger than their uncertainties,
with the ages in the virialized region being higher.

!Cluster-centric radius, which encompasses a region with a mean density
equal to 200 times the critical density of the Universe
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Figure 4. Phase space diagram of our sample, presenting the radial velocity
versus cluster-centric distance, colour-coded by light-weighted age (top
panel), by light-weighted metallicity (middle panel), and gas-phase oxygen
abundances (bottom panel). The dashed line encompasses the approximated
region where one expects most galaxies to be virialized. The grey dots are
galaxies from the control sample.

Compared to ages, the stellar metallicities, on the other hand,
seem to have a clearer difference in the medians. The virialized
region presents a median of (0.6 = 0.2) Z and (1.0 £ 0.6) Z, for
light- and mass-weighted ages, while we have (0.2 +0.2) Z, and
(0.2+£0.1) Zy for the recent infallers region. This indicates that
the galaxies in the virialized region are more metal-rich than the
remaining. For the nebular oxygen abundances, we see a difference
between the median of the regions, with the median of log (O/H) +
12 = (8.9 £ 0.1) for the virialized region and equal to (8.6 & 0.2) for
the recent infallers. The phase space for gas abundances clearly has
galaxies with lower values outside the virialized region, however,
there are three galaxies with velocities above 20 and positions
below 0.25 Ry that have log (O/H) + 12 2 9 that are increasing the
median. The differences in the values of stellar metallicities are much
clearer than in ages and gas abundances. A possible bias involved
in this analysis is that mean ages and oxygen abundances involve
logarithmic scales, while stellar metallicities are in linear scales.
Also, at the same time that the metallicities present the clearest
segregation between the regions of the phase space, it is the less
reliable result in the synthesis, given that our base has only 4 values
for it.

In addition to this analysis, we applied a k-mean clustering
algorithm (MacQueen 1967) in the phase space (see Fig. 5). This
algorithm computes k centroids (we used k = 3 in this case) in
a given parameter space and groups the points based on the closest
centroid. The parameters we used are the position in phase space plus
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Figure 5. K-means clustering method applied in the phase space for cluster
members jellyfish galaxies. The first row contains the segregation based on
stellar age, the second row the stellar metallicity, and the third row the nebular
oxygen abundance. The dashed line encompasses the approximated region
where one expects most galaxies to be virialized. Each colour represents a
‘k-group’ and their means are listed in Table 3.

Table 3. Means of clustering groups.

Group <logt> | <logt>py <Z>|p <Z>py log(O/H)+ 12
Purple 86+03 92+04 05+03 14+04 89+0.2
Green 84+03 87+05 04+£03 02403 84+0.3
Red 79+04 794+04 1.1£05 1.1+£07 9.2 4+0.1

a measurement of ages or metallicity. This way it is easier to identify
if some specific region of the phase space has typically greater or
lesser values of stellar ages, metallicities, and nebular abundances.
For example, the red group in the stellar ages evaluated k-means,
which is dominated by galaxies with r/Ryyy < 1 and v/o 2 1, has
a mean age lower than the purple and green groups. On the other
hand, we see that the red group in the <Z > , segregation has a
higher mean metallicity than the others, while the green group in the
<Z > ) present a lower mean metallicity than the remaining. This
leads us to the conclusion that the galaxies outside the virialized
region and with /Ry are generally the most metal-poor, which is
in accordance with Fig. 4. The segregation in the gas-phase oxygen
abundance is even more clear since the 3 galaxies with the higher
velocity (red group) have higher mean values, followed by the purple
group dominated by galaxies in the virialized region, and at last, the
green group dominated by galaxies outside the virialized region and
with r/Ryp0 2 0.5. The mean values of each group are listed in Table 3,
and computing the medians instead of the means does not change
significantly the results.
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Figure 6. This figure shows logarithmic continuum flux maps for two galax-
ies, an ‘extreme stripping’ (ES) galaxy on the left-hand side and a ‘stripping’
(S) galaxy on the right-hand side. The classification was determined based on
the H, emission and the presence of tentacle-shaped substructures. The red
curves are elliptical isophotes obtained with PHOTUTILS, which effectively
fits the optical continuum flux maps for the galaxies in our sample within a
featureless wavelength window of 6530-6600 A.

5.2 Analysis of radial profiles

Jellyfish galaxies are disturbed and asymmetric. Still, we can fit
elliptical isophotes using an iterative method described by Jedrze-
jewski (1987) that fits considerably well the continuum flux maps
for the galaxies in our sample in the featureless wavelength window
6530-6600 A. In order to measure elliptical isophotes, we use the
Python library PHOTUTILS (Bradley et al. 2020), an ASTROPY package
(Astropy Collaboration 2022) for photometry. Fig. 6 shows examples
of computed isophotes for a ‘stripping’ and a ‘extreme stripping’
galaxy.

By computing the median ages and metallicities for the spaxels
between two ellipses, we can obtain radial profiles for stellar ages,
stellar metallicities, and gas metallicities. We consider the radius the
semimajor axis of the ellipses since the centre and eccentricity of
the isophotes can vary largely for the most asymmetric and clumpy
galaxies. The radius is normalized by the semimajor axis of the
isophote, which contains 90 per cent of the total light of the galaxy
(measured in the continuum maps), i.e. the effective radius ( R,).
Fig. 7 presents the radial profiles for the individual galaxies in our
sample, both light and mass-weighted. We also compute the median
profiles for each type of galaxy (ES, S, PS, CSF, and CP; see Fig.
8). Disregarding spaxels dominated by AGN/LINER-like emission
does not change the curves considerably.

The mass-weighted median age curves are higher than the light-
weighted ones, which is expected and also observed in the 2D maps
since the stellar masses are dominated by older populations and
light is dominated by younger populations. There is a significant age
scatter in the profiles of different galaxies. In general, the age profiles
decrease with radius and converge around 1.5 R,. Considering light-
weighted profiles, the ES group has the lowest mean ages along
almost all radii, followed by S and CSF galaxies. The PS group
presents similar ages to the other star-forming groups, but it stays
approximately constant until ~ 0.9 R,, when it starts decreasing and
gets very close to the profile of the CP group. On the other hand,
when considering mass-weighted ages, the ES profile is close to the
PS profile and higher than the S and CSF ones until 0.5 R,, but after
~ 0.75 R, it presents the lowest values again.

Stellar and nebular metallicities also present great spread in the
individual galaxy profiles. Mass-weighted stellar metallicities seem
to be altogether greater than light-weighted ones, as already shown
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in Fig. 3. The scatter in stellar metallicity and gas-phase oxygen
abundance is relatively larger than the scatter in ages. Until almost the
entire effective radius the S and CSF groups present the lowest stellar
metallicities and oxygen abundances. The PS stellar metallicities
profile is the largest between ~ 0.5 R, and ~ 0.75 R,, however, the
ES mass profile is more metal-rich in the central regions, presenting a
rapid decrease. Both S and CSF metallicities and oxygen abundance
profiles start decreasing and then increase along the effective radius.
The increase present in the ES, S, and CSF profiles 0.75 R, is
consistent with a chemical enrichment caused by the increased SFR
in the outskirts and tails. It is worth noting that the PS group is the
less populated one, formed by only four galaxies. Indeed, there is a
point missing in the gas metallicity profile of the PS group, because
we were not able to compute the abundances for distances much
larger than the effective radius, except for one of the galaxies. This
problem arises most likely due to the low SNR of emission lines in
the galactic outskirts and due to quenched discs.

We computed radial sSFR for our galaxies dividing the median
SFR by the median mass in each annulus. In general, the sSFRs
increase for larger radius, except for the PS profile, which has an
initial decrease until ~ 0.5 R,. The CP galaxies present the lowest
sSFR for radii lower than ~ 0.75 R,, where it becomes very close
or even higher than the profile of the PS galaxies. The median sSFR
of the remaining three groups are very close to each other for most
radii, and also larger than the other two groups.

To further investigate the relation between radial profiles and
stellar masses, we divided the 61 jellyfish galaxies in our sample into
four stellar mass bins, with 15 or 16 galaxies each, and then computed
the median profiles for each bin. Those bins are log (M,/Mg) = 8.96—
9.86, 9.86-10.51, 10.51-10.96, and 10.96-11.86. Fig. 9 shows the
radial profiles of the four bins. For both light and mass-weighted
ages the more massive bin is the largest in the central regions but
decreases more rapidly than the others, especially after ~ 0.75 R,.
In almost all the effective radii the second most massive bin present
ages higher than the third one, and for greater radii the relation is
inverted. The age profiles of the less massive bin stay the lowest for
more than 1 R, and after ~ 1.25 R, the profiles converge. We also
show, for comparison, the profiles for control star-forming galaxies,
although we divide this subsample into only three mass bins, given
that it is less populated than the jellyfish galaxies.

The patterns found here are somewhat different from previous
studies in the literature for undisturbed galaxies. Segregation in mass
is also seen in Gonzdlez Delgado et al. (2014), who computed the
radial profiles of mean ages for galaxies in the CALIFA survey.
That work also separated their sample into bins of mass, and both
the whole sample and the subsamples of disc-dominated galaxies
and spheroidal-dominated galaxies present the same pattern of ages
increasing with mass, especially for r < 1 R,. Parikh et al. (2021)
analysed a sample of MaNGA galaxies and found resembling results,
although the less massive bin in their sample of late-type galaxies is
not amidst the younger ones. Peng et al. (2010) shows that the fraction
of red galaxies and the quenching efficiency increase with stellar
mass and environment density for zZCOSMOS and SDSS galaxies.
Mobasher et al. (2009) finds that the X grr decrease with increasing
mass for COSMOS objects and according to Gallazzi et al. (2005) the
stellar ages grow with mass for SDSS galaxies, suggesting that the
most massive systems have the most of their star formation activity
at earlier epochs.

In our work, although such relation of ages increasing with mass
is maintained until ~ 0.8 R,, our most massive bins present a steeper
decrease, and after such value and do not keep having the largest
ages. On top of that, the profiles of the two most massive bins are
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Figure 7. Radial profiles of the jellyfish and control galaxies. The first row shows the mean ages, and the second one shows the mean stellar metallicities, both
light-weighted (left-hand panel) and mass-weighted (right-hand panel). The third row shows the gas metallicities. The red, orange, green, blue, and grey lines
denote respectively the ‘extreme stripping’, ‘stripping’, ‘post-stripping’, ‘control star-forming’, and ‘control passive’ galaxies.

very close to each other, especially for the light-weighted values.
A possible explanation for this more rapid decay in ages is that
the ES galaxies and also the ones with the longest tails between the
‘stripping’ group are usually between the most massive objects (Jaffé
et al. 2018). The more massive galaxies are expected to have larger
gas reservoirs to form very long tails without having all of their gas
stripped and without being quenched. Because a great number of
galaxies among the most massive ones are jellyfish with long tails,
the stellar ages decrease greatly once the fitted ellipses reach the
outskirts and tail of those objects.

The stellar metallicities show a different separation between the
bins. The most massive bin seems to be the most metal-rich along
all radii. Until at least ~ 0.6 R, the metallicities increase with mass,
but for radii larger than that the second and third most massive
bins become very similar. The profile of the less massive bin is the
more metal-poor for almost all radii, except around ~ 1 R,. There
seems to be a correlation between mass and stellar metallicity for
jellyfish galaxies, especially for radii < 1 R,. Parikh et al. (2021)
and Lian et al. (2018) also study the stellar metallicity radial profiles
of MaNGA galaxies and find that Z grows with stellar mass. That is
exactly the case in our sample, so such a result is somewhat expected.

Regarding nebular metallicities, there is also a clear dependence
on oxygen abundance and mass. For almost all the effective radii
the higher the mass is, the larger the median gas-phase metallicity.
For radii 2 1 R, the uncertainties increase greatly and the curves
start converging. For both stellar and nebular metallicities, the less
massive bin profiles increase up to 1 R, before flattening, while
the others decrease or are approximately constant with effective
radius. In the case of oxygen abundance, it increases the steepness

MNRAS 523, 46804692 (2023)

of the growth after ~ 1 R,. These results are in accordance with the
mass—metallicity relation (Tremonti et al. 2004). Galaxies with lower
masses have lower gas-phase metallicities than galaxies with higher
masses. The reason is that shallow potentials are less effective in
retaining the metals in the ISM, which are expelled by the galactic
winds.

In the case of the sSFR radial profiles, a trend with mass becomes
apparent, where higher mass bins present lower values of sSFR for
radii < 0.75 R,. After such value, the profiles of the two most massive
bins become very close to each other and higher than the profile of
the third most massive bin. This is very similar to what happens in
the age profiles. At the same radius where the median ages decrease
more rapidly, the sSFR also grows at a higher rate. Such growth
of the sSFR is also probably due to the high SFR in the tails of the
most prominent cases of jellyfish, which are among the most massive
galaxies in the sample. Similar trends in stellar mass were also found
in Belfiore et al. (2018) for MaNGA main sequence galaxies and in
Coenda et al. (2019) for CALIFA late-type galaxies, i.e. the sSFR
increase for decreasing stellar mass. However, our sample follows
such a trend only until ~ 0.75 R,.

Our results, combined with previous works, indicate that both
intensities of stripping and stellar masses influence the ages, metal-
licities, gas-phase abundances, and sSFRs of the jellyfish galaxies.
While the median age profiles of S galaxies decay at a rate similar to
CSF galaxies but are lower, the ES galaxies can have older popula-
tions in the inner regions, but the ages decrease more rapidly in the
outskirts and tails. The PS galaxies have stellar ages approximately
constant with effective radius and are typically older than other star-
forming galaxies. ES and PS galaxies are generally more metal-rich
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Figure 8. Median radial profiles of each group of jellyfish and control galaxies. The first row shows the mean ages, and the second one shows the mean stellar
metallicities, both light-weighted (left-hand panel) and mass-weighted (right-hand panel). The third row shows the gas metallicities. The red, orange, green,
blue, and grey lines denote respectively the ‘extreme stripping’, ‘stripping’, ‘post-stripping’, ‘control star-forming’, and ‘control passive’ galaxies.

than S and CSF galaxies, for both stellar and nebular metallicities.
The patterns in the sSFRs of those groups follow the same relation
as in the ages, only where the ages decrease, the sSFRs increase.
The radial profiles for different mass bins present relations, in a
certain way, already shown in the literature for undisturbed galaxies.
However, after ~ 0.75 R, the ages and sSFRs of the most massive
bins differ from the expected.

6 SUMMARY AND CONCLUSIONS

In this work, we perform a spatially resolved stellar population
synthesis in jellyfish galaxies taking into account nebular emission.
We used a large sample of jellyfish galaxies and undisturbed
comparative ones from GASP with the MUSE IFS. Our sample
comprises 61 jellyfish galaxies, 47 control galaxies (both star-
forming and quenched), and 5 objects with asymmetries that seem to
be caused by phenomena other than RPS. We implement the stellar
population synthesis on the spectra with SNR>2 in the H, emission
line using the code FADO with a base of 68 SSPs from Bruzual &
Charlot (2003). FADO allows us to synthesize spectra under self-
consistent boundary conditions based on measurements of emission
lines and computation of nebular emission, resulting in more reliable
results for star-forming regions, which involve ionizing populations
(t S 20 Myr). Our main results and conclusions are summarized
below:

(i) We created 2D morphological maps with INLA of mean stellar
ages and metallicities, H, emission, SFR surface densities, and gas-
phase oxygen abundances for all galaxies.

(ii) From the stellar population synthesis, we were able to derive
SFHs. We observe that the control and ‘post-stripping’ galaxies
reach a fraction of light and mass close to 1 sooner than ‘stripping’
and ‘extreme stripping’ galaxies, reflecting the recent star formation
enhancement due to RPS.

(iii) Computing the means of <logt? >, <Z >, and log (O/H) +
12 of galaxies in each type of intensity of stripping, we have found
that ‘stripping’ and ‘extreme stripping’ are typically younger than
the other groups, although the scatter in the values is considerably
large. The stellar populations of ‘extreme stripping’ galaxies are
generally the most metal-rich, followed by ‘post-stripping’ and
‘control passive’ galaxies, and then by ‘stripping’ and ‘control star-
forming’ ones. The relations between gas-phase abundances are very
similar to the ones between stellar metallicities, except the ‘control
passive’ group presents the highest abundances.

(iv) Based on the phase space diagram and k-means clustering
algorithm for jellyfish cluster members: galaxies with r/Rypy < 1 and
v/o 2 1 have a mean age lower than the others; galaxies outside
the virialized region and with /Ry > 0.5 are generally the most
metal-poor; excluding the three galaxies with v/o > 2 and /Ry <
0.5, galaxies inside the virialized region have higher nebular oxygen
abundances than the ones outside it.

(v) We produce radial profiles for stellar ages and metallicities,
nebular oxygen abundances, and sSFRs, by fitting elliptical isophotes
to the continuum maps of the galaxies. In addition to the individual
galaxy profiles, we also computed the median curves grouping the
galaxies based on the intensity of stripping and stellar masses.

(vi) The age profiles of ‘stripping’ galaxies decay at a rate
similar to ‘control star-forming’ galaxies but are lower. The ‘extreme
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Figure 9. Radial profiles of the jellyfish (top) and control star-forming (bottom) galaxies grouped in bins of mass. The first row presents the logarithmic median
ages, the second presents the median stellar metallicities, and the third row presents the radial profiles of oxygen abundance and sSFR. The left-hand panels are
light-weighted, while the right-hand panels are weighted by mass.
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stripping’ galaxies can have older populations than ‘stripping’ and
‘control star-forming’ groups in the inner regions, but the ages
decrease more rapidly after ~ 0.75 R,, probably due to the long
tails of star-forming regions. ‘Post-stripping’ are typically older than
other star-forming galaxies along almost all radii.

(vii) ‘Extreme stripping’ galaxies and ‘post-stripping’ galaxies are
generally more metal-rich than ‘stripping’ and ‘control star-forming’
galaxies, for both stellar and nebular metallicities.

(viii) The radial profiles for different mass bins present relations,
in a certain way, already shown in the literature for undisturbed
galaxies, i.e. profiles of ages and metallicities tend to increase with
mass, and sSFRs decrease with mass (Gallazzi et al. 2005; Mobasher
et al. 2009; Gonzalez Delgado et al. 2014; Belfiore et al. 2018; Lian
et al. 2018; Coenda et al. 2019; Parikh et al. 2021). However, after
~ 0.75 R,, the ages of the most massive galaxies become similar to
or lower than the ages of lower mass galaxies.

Jellyfish galaxies prove themselves to be curious objects and
wonderful systems to deepen our understanding of galaxy evolution.
In this work, we perform a comprehensive spatially resolved stellar
population synthesis on the large public sample of jellyfish galaxies
from GASP, attempting to extract general trends. Our analysis found
interesting aspects about the influence of ram pressure stripping and
stellar mass on the spatial distribution of stellar populations and
nebular content on such objects.

SUPPLEMENTARY MATERIAL

In this section, we present 2D maps similar to Fig. 2 for the remaining
galaxies in the sample.
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