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A B S T R A C T 

We present an analysis of the kinematics and ionization conditions in a sample composed of seven star-forming galaxies 
undergoing ram-pressure stripping in the A1367 cluster, and the galaxy ESO137–001 in the Norma cluster. MUSE observations 
of two new galaxies in this sample, CGCG097–073 and CGCG097–079, are also presented. This sample is characterized by 

homogeneous integral field spectroscopy with MUSE and by a consistent selection based on the presence of ionized gas tails. 
The ratio [O I ]/H α is consistently ele v ated in the tails of these objects compared to what observed in unperturbed galaxy discs, 
an ubiquitous feature which we attribute to shocks or turbulent phenomena in the stripped gas. Compact star-forming regions 
are observed in only ≈ 50 per cent of the tails, implying that specific (currently unknown) conditions are needed to trigger star 
formation inside the stripped gas. Focusing on the interface regions between the interstellar and intracluster medium, we observe 
different line ratios that we associate to different stages of the stripping process, with galaxies at an early stage of perturbation 

showing more prominent signatures of elevated star formation. Our analysis, thus, demonstrates the power of a well selected 

and homogeneous sample to infer general properties arising from ram-pressure stripping inside local clusters. 

K ey words: ISM: e volution – galaxies: clusters: individual: A1367 – galaxies: clusters: intracluster medium – galaxies: evolu- 
tion – galaxies: interactions – galaxies: star formation. 
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 I N T RO D U C T I O N  

ithin the general framework of galaxy evolution, the environment is
nown to play a key role in shaping the galaxy life cycle. In particular,
he environment can activ ely remo v e the gas reservoir from a galaxy
r lead to its consumption, ultimately quenching the star formation
ctivity and turning blue objects into red and dead ones. Since the
eminal work of Dressler ( 1980 ), and later with the advent of large
ultiwav elength surv e ys (e.g. the Sloan Digital Sk y Surv e y, SDSS
ork et al. 2000 ), it has become apparent that the properties of
alaxies in groups and clusters are substantially different compared
o their counterparts in the field (Dressler et al. 1997 ; Baldry et al.
006 ; Fumagalli et al. 2009 ; Peng et al. 2010 ; Wetzel et al. 2013 ).
pecifically, massive haloes host a large fraction of red ellipticals
nd less blue spirals compared to the field (Whitmore, Gilmore &
ones 1993 ). Differently from isolated galaxies, where only internal
rocesses determine their evolution, galaxies in dense environments
re potentially subject to a large number of physical processes. These
an be divided in two main subclasses: gravitational interactions
 E-mail: alexpedrini4297@gmail.com (AP); matteo.fossati@unimib.it (MF) 
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etween galaxies or with the host halo potential such as tidal
nteractions or galaxy harassment (Merritt 1983 ; Byrd & Valtonen
990 ; Moore et al. 1996 ), and hydrodynamic interactions acting
etween the interstellar medium (ISM) of a galaxy moving at high
elocity through the hot and dense plasma of the host halo (the
ntracluster medium, ICM). Among the hydrodynamic processes,
here are ram-pressure stripping (RPS; Gunn & Gott 1972 ), viscous
tripping (Nulsen 1982 ), thermal e v aporation (Co wie & McK ee
977 ), and starvation (Larson, Tinsley & Caldwell 1980 ). 
In this picture, if the gas reservoir is being remo v ed from the galaxy

s opposed to being consumed by star formation, gas can be observed
n various phases usually distributed in ‘cometary tails’ downstream
f the parent galaxy. In the last decades, se veral observ ations have
nveiled these tails at different wavelengths, such as in X-ray (e.g.
ang, Owen & Ledlow 2004 ; Sun et al. 2010 ; Zhang et al. 2013 ;

chellenberger & Reiprich 2015 ), in the H α emission line (e.g.
avazzi et al. 1995 ; Kenney et al. 1995 ; Conselice, Gallagher & Wyse
001 ; Yoshida et al. 2002 ; Sun, Donahue & Voit 2007 ; Kenney et al.
014 ; Boselli et al. 2016b ; Yagi et al. 2017 ), in H I (e.g. Oosterloo &
an Gorkom 2005 ; Chung et al. 2007 ; Hota & Saikia 2007 ; Scott et al.
013 ), in radio continuum (e.g. Gavazzi 1978 ; Mile y 1980 ; Dicke y
 Salpeter 1984 ; Hummel & Saikia 1991 ; Roberts et al. 2021 ), and
© 2022 The Author(s) 
lished by Oxford University Press on behalf of Royal Astronomical Society 
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rom the analysis of molecular lines (e.g. Boselli et al. 1994 ; Salom ́e
t al. 2006 ; Scott et al. 2013 , 2015 ; J ́achym et al. 2014 ). 

Despite this multitude of observations, we have yet to obtain a full
nderstanding of what physical processes are the most rele v ant in
ense environments, what is their interplay and how they transform 

alaxies of different stellar mass and morphology. Recent observa- 
ions of entire clusters (Yagi et al. 2010 , 2017 ; Boselli et al. 2016b ,
018a ) suggest that RPS is almost ubiquitous in local massive clusters 
nd has high efficiency in quenching galaxies removing their ISM on 
ime-scales comparable with (or shorter than) their cluster crossing 
ime (Boselli, Fossati & Sun 2021a ). The sample from the GASP
urv e y (Poggianti et al. 2017 ) also revealed a significant fraction
f galaxies with RPS tails among cluster galaxies. Furthermore, 
his mechanism is sometimes able to temporarily enhance the star 
ormation in the interface region of galaxies as indicated from 

bservations or simulations (e.g. Boselli et al. 1994 , 2021b ; Bekki &
ouch 2003 ; Steinhauser et al. 2012 ; Scott et al. 2015 ; Vulcani et al.
018 ; Lee et al. 2020 ; Troncoso-Iribarren et al. 2020 ). As a result,
he study of galaxies suffering RPS has become crucial in order to
nderstand the general evolution and physical properties of cluster 
alaxies. 

While extended RPS tails can be observed at several wavelengths 
nd gas phases, an ideal tracer for the stripping phenomenon is the
onized gas around galaxies which can be observed in the optical 
ombining the high spatial resolution and sensitivity of ground-based 
elescopes by means of observations of the H α emission line (Fossati
t al. 2012 ; Fumagalli et al. 2014 ; Gavazzi et al. 2017 ; Boselli et al.
018b ). Significant progress in the study of this process has been
nabled by recent observations of entire clusters at great depth with 
ide-field cameras (Fasano et al. 2006 ; Yagi et al. 2010 , 2017 ).
espite their largest disco v ery po wer, ho we ver, narro w-band imaging
bservations of the H α line do not provide stringent constraints on 
he physics of the stripping phenomenon, for which it is critical 
o have access to the kinematics and the ionization conditions of
he gas from spectroscopic observations. First attempts to collect 
pectra of these faint and extended filaments have been carried 
ut, e.g. by Cortese et al. ( 2006 ) and Yoshida et al. ( 2008 , 2012 )
sing traditional long-slit spectroscopic observations. These efforts, 
o we v er, pro vide modest spatial information and are often limited
o the brightest filaments. A revolution in this field has been brought
y the deployment of integral field spectroscopic instruments, like 
he Multi Unit Spectroscopic Explorer (MUSE; Bacon et al. 2010 ) at
he ESO Very Large Telescope (VLT), thanks to their ability to map
xtended sources, thus, reducing slit losses and reaching the more 
ypical surface brightness levels of RPS tails. 

Using MUSE, we have carried out a surv e y of RPS ev ents in the
orma and A1367 clusters which we have presented in previous 
apers of this series (Fumagalli et al. 2014 ; Fossati et al. 2016 ,
019 ; Consolandi et al. 2017 ). This sample has been selected by
arrow-band imaging observations revealing long tails of ionized 
as trailing behind cluster galaxies. Specifically, in this sample of 
alaxies suffering RPS we include ESO137–001, which is falling 
n the Norma cluster presenting a double tail of diffuse gas, and
GCG097–087 in A1367 which is travelling edge-on through the 

CM of the cluster with its smaller companion CGCG097–087N. 
e also include the Blue Infalling Group (BIG) found near the 

entre of A1367 which is composed of three massive galaxies 
two of which suffering from RPS) CGCG097–120, CGCG097–
14, and CGCG097–125 and several dwarf systems formed by the 
idal interactions in the group. Adding to this sample, in this work
e present the analysis of the new MUSE observations of two low-
ass galaxies CGCG097–079 and CGCG097–073 undergoing RPS 
n A1367. These ne w observ ations allo w us to obtain a statistical view
f RPS among star-forming galaxies in this rich cluster, enabling the
tudy of a galaxy sample (as opposed to individual objects) and
aving the road to future work to understand the physical properties
f the galaxies and the diffuse gas around them in large samples. 
The paper is structured as follows. After a presentation of the

1367 galaxy cluster in Section 2, where we introduce the main
eatures that make this environment particularly rich in perturbed 
bjects, we present no v el data for two cluster members, CGCG097–
79 and CGCG097–073. We first present the data reduction proce- 
ures and the techniques used to derive the stellar continuum from
he galaxies and maps of pure emission lines in Section 3. We present
he results of an in-depth study of these two new objects in Section 4.

e then combine all these homogeneous MUSE observations into 
 coherent sample and we discuss our results in the broader context
f galaxies suffering RPS in clusters in Sections 5 and 6. Our
onclusions can be found in Section 7. 

Throughout, we adopt a Chabrier ( 2003 ) stellar initial mass
unction and we assume a flat � CDM Universe with �M 

= 0.3,
� 

= 0.7, and H 0 = 70 km s −1 Mpc −1 . With the adopted cosmology,
he comoving radial distance of A1367 becomes 92.2 Mpc (Boselli 
t al. 2021a ) and 1 arcsec on the sky corresponds to 0.45 kpc. 

 ABELL  1 3 6 7  A N D  ITS  G A L A X Y  P O P U L AT I O N  

he cluster Abell 1367, located at a distance of 92.2 ± 1.2 Mpc and
ith an average recessional velocity of 6484 ± 81 km s −1 (Cortese

t al. 2004 ), is an excellent laboratory to study galaxies currently
ngoing RPS. In particular, the presence of a high fraction of spiral
alaxies (Butcher & Oemler 1984 ) together with the cluster ongoing
erging of two substructures makes this system one of the best

nvironments to search for tails of ionized gas outside galaxies. In
ig. 1 , we present a map of this rich cluster, showing the X-rays
istribution (black contours, Forman et al. 2003 ) overlaid on the
 -band Subaru image of the cluster (Yagi et al. 2017 ). Individual
alaxies with ionized gas tails (studied in this series of papers and
n Gavazzi et al. 2017 ) are shown in blue, while a head-tail elliptical
adio-galaxy is shown in red near the cluster centre. Specifically, near
he centre of A1367 it is possible to notice the BIG and more to the
W we see CGCG097–087 with its companion CGCG097–087N 

nd the pair composed by CGCG097–079 and CGCG097–073. 
The cluster is highly elongated in the NW–SE direction both in

he optical distribution of the galaxies (Cortese et al. 2004 ) as well
s in the X-rays (Sun & Murray 2002 ). This evidence has been
nterpreted as due to two merging substructures where the NW 

ne is rich of young star-forming galaxies (Donnelly et al. 1998 ;
ortese et al. 2004 ). A shock front (Ge et al. 2019 ) arising from the
erger is roughly at the position where most of the RPS galaxies

re located in projection. It is therefore possible that the significant
umber of galaxies undergoing RPS in the NW region of the cluster
s also due to a higher density in the hot gas as the shock propagates
utwards, enhancing the local ram-pressure abo v e what typical for
omparable distances from the cluster centre. Finally, observations 
n 120–168 MHz radio continuum (Gavazzi et al. 1995 ; Roberts et al.
021 ) reveal that four of the galaxies we studied (namely CGCG097–
73, CGCG097–079, CGCG097–114, and CGCG097–087) have 
lso clear radio continuum extended tails, further reinforcing the 
nterpretation of RPS being at work in this sample. For completeness,
lthough it is not the subject of this work, we mention that near the
luster centre lies NGC 3862 (3C 264), a well-known strong head-tail
adio galaxy (red contours in Fig. 1 , Gavazzi et al. 1981 ) showing
MNRAS 511, 5180–5197 (2022) 
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Figure 1. The galaxy cluster Abell1367: in grey scale, the B -band Subaru image of the cluster (Yagi et al. 2017 ); in black, X-ray contours from XMM observations 
of A1367; in blue, the H α flux contours of the extended H α emitters observed with Subaru (Yagi et al. 2017 ), MUSE (Consolandi et al. 2017 ; Fossati et al. 
2019 ), and the 2.12-m telescope of San Pedro Martir (Gavazzi et al. 2017 ); in red, the VLA 21-cm radio continuum contours of the head-tail radio galaxy NGC 

3862 (Gavazzi, Perola & Jaffe 1981 ). The red cross marks the X-Ray cluster centre and the dashed circle shows R = 0.5 R 200 from Boselli et al. ( 2021a ). 

t  

p
 

t  

t  

t  

1  

a  

t  

e  

w  

(  

O  

N  

G  

g  

g

2

W  

(  

i  

o  

u  

t  

c  

2  

i  

o  

B
 

u  

r  

i  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/511/4/5180/6524908 by IN
IST-C

N
R

S IN
EE IN

SB user on 07 April 2023
hat some form of RPS is taking place also for more massive and
assive galaxies. 
As a result of the ongoing merger of the two sub-structures,

he cluster is not yet virialized. Estimates of the halo mass are
herefore more uncertain compared to more relaxed clusters, but
here is a good agreement between different works (Girardi et al.
998 ; Rines et al. 2003 ; Cortese et al. 2004 ; Boselli et al. 2021a )
nd are in the halo mass range of M halo ≈ 3 –7 × 10 14 M �. Using
he sample in Gavazzi et al. ( 2010 ) and later updated in Gavazzi
t al. (in preparation) based on a catalogue drawn from SDSS,
e find 174 galaxies with M ∗ > 10 9 M � within a R vir of A1367

R vir = R 200 ≈ 1 . 4 Mpc; Cortese et al. 2004 ; Boselli et al. 2021a ).
f these, 47 (27 per cent) are blue and star forming according to a
UV −i colour selection (corrected for internal extinction). Boselli &
avazzi ( 2014 ) and Boselli et al. ( 2021a ) show that 11 star-forming
alaxies (23 per cent) show signs of RPS (as seen from either ionized
as or radio continuum observations). 
NRAS 511, 5180–5197 (2022) 
.1 The RPS galaxy population 

ith the advent of MUSE, in the last 5 yr we have observed 7/11
63 per cent ) of the galaxies suffering RPS in A1367 with deep
ntegral field spectroscopy. While the RPS signatures come from
bserv ations at dif ferent wavelengths, all the objects we followed-
p with MUSE have ionized gas tails longer than twice the size of
he stellar disc from Yagi et al. ( 2017 ). These authors observed the
luster up to R ≈ 0.6 × R vir down to a surface brightness limit of
 × 10 −18 erg s −1 cm 

−2 arcsec −2 finding 10 objects. Requiring a long
onized gas tail (longer than twice the disc size) leads to eight objects,
f which we hav e observ ed six, plus CGCG097–120 which is in the
IG field and is a face-on RPS event (Fossati et al. 2019 ). 
The consistent selection coupled with the uniform IFU follow-

p with MUSE makes our sample highly homogeneous and rep-
esentative of RPS objects in the A1367 cluster. Our sample
ncludes CGCG097–087 (a.k.a. UGC6697) and CGCG097–087N

art/stac345_f1.eps
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Consolandi et al. 2017 ) and BIG (Fossati et al. 2019 ) as discussed
n detail in previous papers of this series. Here, we include also new
bservations of CGCG097–079 and CGCG097–073, and analyse 
hem in Section 4. We now briefly o v erview the properties of this
ample, also summarizing the salient details of the MUSE analysis 
resented in previous papers. 
CGCG097–087 is the second brightest spiral/Irr member of 

1367, transiting almost edge-on through the ICM towards the 
luster centre. Its smaller companion (CGCG097–087N) lies at 
20 arcsec in the NE direction from CGCG097–087 and recent 
ubaru observations (Yagi et al. 2017 ) were highly suggestive of
 alaxy–g alaxy interactions due to double gaseous tails connect- 
ng the two galaxies. CGCC097–087 and CGCG097–087N have 
 stellar mass of log ( M ∗/ M �) = 10 . 13 and log ( M ∗/ M �) = 8 . 78
espectively, computed from g - and i -band photometry following the 
olour calibrations by Zibetti, Charlot & Rix ( 2009 ). The analysis
f this galaxy pair using the high sensitivity and spatial resolution 
f MUSE gave us unique new information about the hydrodynamic 
rocesses driving the stripping and the interaction of the two systems,
nd most importantly about the physics in the tails. Consolandi et al.
 2017 ) found that CGCG097–087 shows complex gas kinematics due 
o the superposition of gas with different velocity components along 
he line of sight. Specifically, the ionized gas is split in a component
till bound to the galaxy and in a stripped component that is consistent
ith a RPS event seen edge-on. Furthermore, also CGCG097–087N 

s suffering RPS from the ICM of the cluster, even if kinematics
ndicators suggest also a past g alaxy–g alaxy interaction. 

In the more complex scenario of RPS and ‘pre-processing’, i.e. 
he environmental transformation occurring within galaxy groups 
efore they are accreated on to galaxy clusters, we find the BIG,
lso known as BIG. Studied by Sakai et al. ( 2002 ), Gavazzi et al.
 2003 ), Cortese et al. ( 2006 ), Ge et al. ( 2021b ), the more recent
bservations with MUSE (Fossati et al. 2019 ) confirm that BIG is
n exceptional system in order to understand the role of different 
rocesses in the group environment. The BIG is mainly composed 
f two galaxies CGCG097–125 and CGCG097–114 with mass of 
og ( M ∗/ M �) ≈ 10 . 32, log ( M ∗/ M �) ≈ 9 . 22, respectively. A third
alaxy CGCG097–120 ( log ( M ∗/ M �) ≈ 10 . 53) is unlikely to be
art of the group due to its offset in recessional velocity compared
o the other galaxies and filaments in BIG (Fossati et al. 2019 ).
urthermore, we find lower mass star-forming systems connected 
y ionized gas filaments, which have originated from strong tides 
uring the merger of the galaxies that now compose CGCG097–125. 
oth CGCG097–120 and CGCG097–114 are galaxies suffering RPS. 
GCG097–120, despite not being part of the group, gives us one of

he best known example of face-on RPS in the cluster potential. 
uring our analysis in Section 5, we thus exclude CGCG097–125 as

ts highly perturbed stellar and gaseous kinematics is likely to arise
ore from a past merger. 
CGCG097–073 and CGCG097–079 (Zwicky, Herzog & Wild 

968 ) are two blue, late-type galaxies of log ( M ∗/ M �) ≈ 9 . 27 and
og ( M ∗/ M �) ≈ 9 . 08, respectively, which are likely to be infalling
or the first time into the cluster environment (Gavazzi et al. 2001 ).
heir recessional velocities are 7298 and 7025 km s −1 , respectively 
r + 814 and + 541 km s −1 compared to the av erage v elocity of
he cluster. They lie well within the A1367 virial radius, being at
 projected distance of ≈ 0 . 5 × R vir . CGCG097–073 is face-on and
ppears as a spiral galaxy while CGCG097–079 is possibly seen 
dge-on but its morphology appears irregular, with no evident spiral 
rms. These galaxies were selected from the works in radio contin- 
um of Gavazzi ( 1978 ) and Gavazzi & Jaffe ( 1987 ), who disco v ered
heir head–tail radio morphology indicative of an ongoing RPS event. 
ince these disco v ery papers, CGCG097–073 and CGCG097–079 
ave been extensively studied at all wavelengths, including in optical 
Gavazzi et al. 1995 ; Yagi et al. 2017 ), H α (Kennicutt, Bothun &
chommer 1984 ; Gavazzi et al. 2001 ; Yagi et al. 2017 ), near-infrared
Gavazzi et al. 1996 ), CO (Boselli et al. 1994 ; Scott et al. 2013 ,
015 ; Si v anandam, Riek e & Riek e 2014 ), H I (Gavazzi et al. 2006 ;
cott et al. 2010 ), and radio continuum (Gavazzi et al. 1995 ; Scott
t al. 2010 ). All works consistently indicate that both galaxies are
uffering RPS from the ICM of A1367. In particular, the H α narrow-
and imaging works by Gavazzi et al. ( 2001 ) and Yagi et al. ( 2017 )
evealed that the ionized gas of CGCG097–073 and CGCG097–
79 extends in two tails of ≈ 70 and ≈ 100 kpc, respectively. The
rientation of the two tails suggests a ≈60 ◦ motion between the
wo galaxies in the plane of the sky. The two tails are convergent and
lthough there is no clear spatial continuity in the flux of the two tails
ven in the deep Subaru observations of Yagi et al. ( 2017 ), it cannot
et be excluded that the two galaxies may have interacted in the past
Gavazzi et al. 2001 ). We will discuss in Section 6.1 if the MUSE
bservations support this scenario or whether we are observing only 
 superposition of two galaxies in the dense cluster environment. 

We also include in the following sections data from ESO137–
01 (Fumagalli et al. 2014 ; Fossati et al. 2016 ) which has similar
igh-quality MUSE data and is falling in the Norma cluster which
as a similar halo mass ( M halo, Norma ≈ 2 −3 × M halo, A1367 , Cortese
t al. 2004 ; Woudt et al. 2008 ; Boselli et al. 2021a ). ESO137–001
s suffering extreme RPS showing a double tail which extends for at
east 80 kpc and with a large number of bright compact H II regions,
ocated where the gas is dynamically cool. 

Thus, altogether, we have collected a statistical and homogeneous 
ample of galaxies suffering RPS in the mass range ≈10 9 –10 10 . 5 M �.
he physical properties of the galaxies in our sample are listed in
able 1 . 
In this paper, we want to fully understand what are the different

hysical properties leading to different observational features in this 
ample, constraining the role of RPS in rich nearby clusters. We
ill also discuss to what extent different ionization stages in these
alaxies and their tails can be explained as evolutionary sequence 
ue to different phases of the RPS interaction. 
Before proceeding with the analysis of the whole sample, in 

ections 3 and 4 we will present the techniques, the reduction
rocedures and the detailed analysis of the two new galaxies observed 
y MUSE CGCG097–079 and CGCG097–073. Readers interested 
nly in the discussion of the statistical sample of galaxies can mo v e
irectly to Section 5. 

 OBSERVATI ONS  A N D  DATA  R E D U C T I O N  

GCG097–079 and CGCG097–073, together with their ionized gas 
ails, were observed with MUSE at VLT (UT4) from 2016 February
o 2017 April as part of programmes 096.B-0019(A) and 098.B- 
020(A) (PI G. Gavazzi), using the Wide Field Mode and the nominal
avelength range of the instrument. These galaxies were observed 

t airmass ≈1.4 under clear skies or, occasionally, with thin clouds.
he final point spread function (PSF) full width at half-maximum 

FWHM) co v ers the range 0.75–1.00 arcsec with a median value o v er
he entire mosaic of 0.85 arcsec. Flux calibration has been achieved 
y means of observations of the standard star GD 153 for 160 s. The
osaic is composed of eight MUSE pointings co v ering the optical

xtent of the two galaxies and their respective tails. 
In particular, two pointings were centered on the galaxy stellar 

iscs, while the other ones on the tails, as shown in Fig. 2 . Each
bservation consisted of two 1290 s exposures (or three 777 s in the
MNRAS 511, 5180–5197 (2022) 
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Table 1. The sample of RPS galaxies used in this work. 

Name Cluster Nuclear activity log( M ∗/ M �) R / R 200 c z (km s −1 ) H I -def 

ESO137–001 Norma H II 9 .81 0 .18 4461 –
CGCG097–087 A1367 H II 10 .13 0 .38 6727 0 .00 
CGCG097–087N A1367 H II 8 .78 0 .37 7542 –
CGCG097–073 A1367 H II 9 .27 0 .57 7298 − 0 .09 
CGCG097–079 A1367 H II 9 .08 0 .52 7026 0 .17 
CGCG097–114 A1367 H II 9 .22 0 .05 8425 − 0 .32 
CGCG097–120 A1367 LIN 10 .53 0 .08 5620 0 .90 
CGCG097–125 A1367 H II 10 .32 0 .08 8311 − 0 .05 

The table lists: the galaxy name; the name of the parent cluster; the nuclear activity based on optical line ratios ([O III ]/H β

versus [N II ]/H α); the galaxy stellar mass; the projected distance from the cluster centre normalized by the cluster R 200 ; 
the radial heliocentric velocity; the H I -deficiency parameter. A full description of the origin of these values is given in 
appendix A of Boselli et al. ( 2021a ). 

Figure 2. The Subaru B -band image of the field co v ering CGCG097–079 and CGCG097–073. The H α map of the ionized gas from the MUSE datacube is 
o v erplotted in red. The black boxes mark the edges of the individual MUSE exposures. The blue arrow indicates the direction to the X-ray centre of Abell 1367. 
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ointings of the tails). Each science pointing is interspersed by a sky
xposure of 4 and 2 min for the observations taken in 2016 and 2017,
espectively. The instrument was rotated by 90 ◦ after each exposure
o impro v e the final uniformity of the reconstructed image. 

The raw data have been processed with the MUSE data reduction
ipeline (v2.8.3, Weilbacher et al. 2020 ) and more details about the
NRAS 511, 5180–5197 (2022) 
ata reduction steps can be found in the previous papers of this series
Fumagalli et al. 2014 ; Fossati et al. 2016 , 2019 ; Consolandi et al.
017 ). These steps include bias subtraction, flat fielding, wavelength
alibration and illumination corrections, and the reconstruction of
xposures into datacubes. Despite the use of the twilight exposures
s calibrators, the spatial uniformity of the reconstructed cubes
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emain unev en. F or this reason, we use the internal illumination
niformity calibration (dubbed autocalibration in the data reduction 
oftware) which uses background spaxels to individually calibrate 
he flux level of each stack. This procedure requires a field that is

ostly empty of continuum sources and is therefore not applied 
or the pointings centred on the galaxy discs. In order to produce
 mosaic containing the eight different pointings, we construct a 
eference WCS grid that encompasses our observations as described 
n Fossati et al. ( 2019 ), with a 0.2 arcsec spatial pixel scale and a
.25 Å spectral step from 4750 to 9300 Å. All science exposures 
re then astrometrically calibrated using SDSS point sources, and 
rojected on to the reference grid using the MUSE pipeline. 
We use the ZAP code (Soto et al. 2016 ) in order to impro v e

he removal of sky line residuals. This tool is based on principal
omponent analysis (PCA) to isolate and remo v e from the datacube
esidual sky features. It is possible to operate with this code using
he sky in the science image or an external one. For our purposes,
e have to assume that faint emission lines from the target galaxies
ll most of the field of view of each exposure. We therefore use the
 xternal sk y e xposures to generate the PCA decomposition that is
hen applied to the science exposures as also done in Fossati et al.
 2019 ). Furthermore, after checking the reliability of the photometric 
alibration of the data also as a function of wavelength, we perform
n in-house sky subtraction of the sky continuum which is known to
ary between exposures and is not corrected by ZAP . 

Specifically, we manually select small background regions without 
etectable emission from continuum sources in each cube. Enough 
ackground regions are present even in the pointings covering the 
alaxy discs, thanks to the large FOV of MUSE. We also explicitly
ested that the choice of different regions does not affect the results
resented here. We coadd the pixels of these regions in each cube to
btain spectra of the sky background for which we derive average 
alues in bins of 150 Å along the wavelength axis. By fitting these
alues with a fourth degree polynomial function and subtracting each 
est-fitting function from the respective data cube, we refine the zero 
evel of the sky subtraction. We stress that this procedure has no
ffect on the absolute level of the flux of emission lines. 

Lastly, we combine the exposures with mean statistics and we test
he flux calibration of our final mosaic by comparing the r -band flux
f point-like sources in the field with the SDSS data base, finding
onsistency within ≈5 per cent . 

.1 Stellar continuum and emission line fitting 

e start by extracting the flux maps of ionized gas emission lines
o v ered by MUSE in order to characterize the physical properties
f the gas in the discs and in the tails of the two galaxies. Before
tting these lines, we apply to the mosaic cube a 10 × 10 pixels
2 × 2 arcsec) median filter to impro v e the signal-to-noise ( S / N ) ratio
or each pixel without significantly degrading the original spatial 
esolution. 

Moreo v er, we perform a stellar continuum correction aimed at 
emoving the underlying Balmer absorption using the GANDALF 

tting code (Sarzi et al. 2006 ) and a selection of stellar spectra from
he the Indo–U.S. Library of Coud ́e Feed Stellar Spectra library 
Valdes et al. 2004 ), similar to what was done in Fossati et al. ( 2019 ).
or this purpose, we run the code only on cutouts centered on the two
alaxies CGCG097–079 and CGCG097–073. Then, for each spaxel, 
t is possible to subtract the best-fitting stellar continuum spectrum 

btaining a cube of pure emission lines. 
As a result of this procedure, GANDALF returns maps of the 

tellar kinematics for each galaxy (Fossati et al. 2019 ). Ho we ver,
n this paper, we present two low-mass galaxies for which it is
ifficult to obtain reliable stellar kinematics parameters due to the 
ow surface brightness of the stellar emission. We therefore do not
se these products in the following analysis. In order to obtain a new
atacube with only the emission lines associated to the two galaxies
nv estigated, we hav e also to remo v e isolated background objects
rom the field. Four background galaxies at z ∼ 0.82 are found from
heir [O II ] and [O III ] emission lines, and are then masked to a v oid
ontamination. 

Using the KUBEVIZ code as detailed in previous papers of this
eries, we then extract flux maps of the strongest emission lines
alling in the MUSE wavelength range, namely: H β; [O III ] λλ4959,
007; [O I ] λ6300; [N II ] λλ6548, 6583; H α; [S II ] λλ6716, 6731. The
rocedure fits the entire MUSE datacube flagging spaxels with S / N
 5 in H α and with uncertainties on the kinematics smaller than

0 km s −1 as robust fits that we use for the analysis. Due to the very
imilar redshift of the two galaxies, we assume for the entire mosaic
he systemic redshift of CGCG097–079, z sys = 0.02363 (Gavazzi 
t al. 2010 ), as velocity zero-point. 

 PROPERTIES  O F  C G C G 0 9 7 – 0 7 9  A N D  

G C G 0 9 7 – 0 7 3  

n this section, we present an in-depth analysis of the new observa-
ions of CGCG097–079 and CGCG097–073. Specifically, we present 
he results obtained from the study of the gas kinematics and the
onization conditions of the diffuse gas in these two galaxies. 

.1 Gas kinematics 

he sensitivity and high spatial resolution of the MUSE observations 
llow us to study maps of the ionized gas emission and kinematics
n detail. In Fig. 3 , we present the H α map of the observed
osaic. We can immediately see two long filamentary tails starting 

rom the centre of the two galaxies. In particular, for CGCG097–
79, the tail extends in projection for about 100 kpc with surface
rightness approximately ranging from 10 −18 erg s −1 cm 

−2 arcsec −2 

o 10 −17 erg s −1 cm 

−2 arcsec −2 , which are typical of ionized gas RPS
ails (Yoshida et al. 2012 ; Boselli et al. 2016a ; Consolandi et al.
017 ; Yagi et al. 2017 ). Similarly, CGCG079–073 presents a tail
xtension of about 70 kpc and roughly the same surface brightness
f the other galaxy tail. The morphology of the galaxies and the
urface brightness are consistent with what measured in narrow- 
and imaging by Yagi et al. ( 2017 ). The strongest emission in H α

s located at the leading edge of the two galaxies and despite an
ntense star formation activity in the two galaxy discs (that we
an clearly observe in Fig. 4 for CGCG097–073 and Fig. 5 for
GCG097–079), we only observe a few compact regions (putative 
 II regions) in the low surface brightness tails. Following Kennicutt

 1998 ), we estimate the SFR from the integrated H α flux within
he galaxy discs. We find ≈1 . 62 ± 0 . 05 and ≈1 . 20 ± 0 . 02M � yr −1 ,
espectively for CGCG097–079 and CGCG097–073, after correcting 
or dust attenuation using the Balmer decrement in each pixel of
he galaxy discs. Here, we have made the assumption that the gas
onization is dominated by photoionization (and not by shocks or 
GN), and we verified that this assumption holds as we will show in
ig. 8 . 
Maps of the v elocity relativ e to systemic redshift, �v = v − v sys ,

nd the intrinsic velocity dispersion σ from the fit of the H α+ [N II ]
ine complex are shown in Figs 6 and 7 . From the velocity map,
e see ordered rotation for the two galaxies and we observe that
GCG097–073 has a larger recessional velocity along the line of 
MNRAS 511, 5180–5197 (2022) 
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Figure 3. Left-hand panel: H α surface brightness map of the ionized gas in CGCG097–079 and CGCG097–073. Right-hand panel: log S / N map obtained 
dividing the H α flux value by the associated errors in each pixel of the datacube. Areas not covered by MUSE observations are shaded in grey. 

Figure 4. RGB false colour of CGCG097–073, obtained by convolving the 
MUSE data cube with the gri SDSS filters. 
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Figure 5. The same of Fig. 4 , but for CGCG097–079. 
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ight compared to the other galaxy. Furthermore, we see a clear
elocity gradient in the tail of CGCG097–079, in the direction to
he cluster X-ray centre (Fig. 2 ), suggesting that the gas at larger
istance from the galaxy is decelerated to lower velocities by the
CM ram-pressure (see e.g. Tonnesen & Bryan 2010 for numerical
imulations of this effect). 

Moreo v er, one can notice that in CGCG097–073 there is a side
ail pointing in the NW direction presenting slightly higher values
f velocity dispersion. Ho we ver, further discussions about emission
NRAS 511, 5180–5197 (2022) 
ine ratio maps in the following section suggests that turbulence
n this region does not appear to be associated with a variation
n the gas ionization conditions, therefore we propose it to be
 purely dynamical process observed in projection on the sky.
oreo v er, it is important to point out that velocity dispersion values

elow 50 km s −1 are marginally resolved at the MUSE resolution
e.g. Boselli et al. 2021b ) and consequently are more uncertain
nd affected by systematics in the estimate of the line spread
unction. 
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Figure 6. Left-hand panel: Velocity map of the H α+ [N II ] line complex relative to the galaxies systemic redshift. Right-hand panel: Error map of the velocity. 
Areas not co v ered by MUSE observations are shaded in grey. 

Figure 7. Left-hand panel: Velocity dispersion map of the H α+ [N II ] line complex. Right-hand panel: Error map of the velocity dispersion. Areas not covered 
by MUSE observations are shaded in grey. 
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.2 Emission line diagnostic 

n the previous section, we have examined the properties of the 
 α+ [N II ] emission. We now turn to the study of the physical prop-

rties of the ionized gas using line ratios. K e wley et al. ( 2001 , 2006 ),
erland et al. ( 2008 ), and Rich, K e wley & Dopita ( 2011 ) have shown
d

hat different ionization processes (photo-ionization from hot stars or 
rom harder sources, shocks, turbulence, and magneto-hydrodynamic 
aves) lead to different ratios in the intensity of the emission lines. In
rder to place constraints on which ionization processes are taking 
lace in these galaxies, we make use of three optical diagnostic
iagrams (BPT diagrams; Baldwin, Phillips & Terlevich 1981 ). 
MNRAS 511, 5180–5197 (2022) 
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Figure 8. Top row: BPT diagnostic diagrams [O III ]/H β versus [N II ]/H α (left-hand panels), [O I ]/H α (centre panels), [S II ]/H α (right-hand panels) derived 
from cutouts of the MUSE mosaic centred on CGCG097–073 and CGCG097–079. We show only spaxels with S / N > 5 for all emission lines considered. The 
colour bars represent the distance from the dashed lines which separate stellar photo-ionization processes (left of the lines) from AGN/shock ionization (right 
of the lines) as defined in Kauffmann et al. ( 2003 ) (K03, left), in K e wley et al. ( 2001 ) (K01, centre) and in K e wley et al. ( 2006 ) (K06, right). The black and 
grey crosses show the characteristic error of line ratios with S / N = 15 and 5, respectively. The black solid lines in the top left-hand panel show the tracks from 

photo-ionization models of K e wley et al. ( 2001 ) for three different metallicities (0.2, 0.4, 1 Z �). The grey contours are obtained from the nuclear spectra of a 
sample of 50 000 SDSS galaxies at 0.03 < z < 0.08 whose emission lines are detected at S / N > 5.The pink contours are obtained from spaxels in the outer 
discs of galaxies ( R > 1 R e ) from the MaNGA DR17 sample that satisfy the S / N cut abo v e. The innermost to outermost contours include the 25, 50, 75, and 
98 per cent of each data set, respectively. Middle and bottom row: The spatial (on-sky) position of the spaxels colour coded as in the top row panels is shown 
for CGCG097–079 and CGCG097–073 in the middle and bottom row panels, respectively. The black crosses indicate the optical centre of the galaxies. 
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pecifically, we show the ratio between [O III ] λ5007/H β and either
N II ] λ6583/H α or [O I ] λ6300/H α or [S II ] λλ6716, 6731/H α. 

When considering only spaxels with S / N > 5 for each emission line
ontributing to a given BPT diagram, we are left only with spaxels
n the galaxy discs of CGCG097–079 and CGCG097–073 and their
mmediate surroundings where the emission line flux is high enough
o obtain robust line ratios in individual spaxels. We present these
NRAS 511, 5180–5197 (2022) 
esults in Fig. 8 . The top panel shows the distribution of individual
paxels in the aforementioned BPT diagrams. Each spaxel is colour
oded by its distance from the lines separating the region dominated
y photo-ionization from the one dominated by active galactic nuclei
AGNs) or shocks, following the separation of Kauffmann et al.
 2003 ). The distributions of line ratios from nuclear spectra of a
ample of 50 000 SDSS galaxies at 0.03 < z < 0.08 whose emission
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Figure 9. H α map of the ionized gas in CGCG097–079 and CGCG097–
073. Black polygonal apertures represent selected regions used to derive the 
composite spectra as outlined in the text. Specifically, in CGCG097–079, T1 , 
T2 , and T3 extend from the nearest area to the galaxy disc to the furthest. The 
same is true for T1 , T2 , and T3 in CGCG097–073 except for T1 E and T1 W 

which are roughly at the same distance from the galaxy b ut ha ve a different 
ionized gas surface brightness and kinematics. Areas not co v ered by MUSE 

observations are shaded in grey. 
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ines are detected at S / N > 5 (Fossati et al. 2016 ) are shown with grey
ontours. The innermost to outermost contours include the 25, 50, 75, 
nd 98 per cent of the full data set, respecti vely. Ho we ver, this SDSS
ample only represents the nuclear properties of galaxies which might 
e different from their outskirts which are likely providing most of
he stripped gas. To o v ercome this possible issue, we add to the
iagnostic diagrams the same density contours from a sample of 
ndividual spaxels from the DR17 of the Mapping Nearby Galaxies 
t APO (MaNGA) IFU surv e y of ∼10 000 galaxies (Abdurro’uf
t al. 2021 ). F or each BPT diagram, we selected spax els outside
he ef fecti ve radius ( R > 1 R e ) of each individual galaxy whose
mission lines are detected at S / N > 5. This sample includes roughly
alf a million spaxels in the BPT diagram using the fainter [O I ]
ine and roughly 2 million spaxels in the other two BPT diagrams.
ensity contours from this sample (at the same levels mentioned 

bo v e) are shown in pink in Fig. 8 . We also verified that by using
paxels from the entire galaxy discs, the density contours would 
ppear very similar to the SDSS sample, due larger weight given 
o the inner parts of the discs. Despite the differences seen in these
wo reference samples, the BPT diagnostic made using [O I ]/H α

hows enhanced [O I ]/H α in the RPS tails that appear not to be
ypical neither of the galaxy nuclei nor of their disc outskirts. We
ill discuss this point in a more quantitative fashion in Section 5.1.

n the middle and bottom panels, we show the spatial distribution
f the spaxels from the two galaxies, with points colour coded as
bo v e. 

Fig. 8 shows that only the BPT diagram with [O I ] λ6300/H α

ho ws significant de viations from the photo-ionization region, with 
 large fraction of points downstream of the galaxy CGCG097–
73 exhibiting a significantly enhanced [O I ]/H α ratio. This line 
atio also appears to be significantly enhanced in the inner part 
f the RPS tail for CGCG097–079 as can be seen in the bottom
anel of Fig. 8 . Indeed this ratio has been typically considered
s the most sensitive tracer of shocks and turbulence in RPS tails
Yoshida et al. 2012 ; Fossati et al. 2016 , 2019 ; Consolandi et al.
017 ; Poggianti et al. 2018 , 2019 ; Boselli et al. 2018b ). Conversely,
S II ]/H α is only marginally enhanced in the surroundings of the
alaxy discs, and only slightly deviates from the photo-ionization 
equence. Lastly, the ratio [N II ]/H α is entirely consistent with stellar
hoto-ionization although the ratio is also known to depend on the 
etallicity of the galaxy, with lower metallicity objects having an 

ntrinsically lower [N II ]/H α. In particular , the lower en velope of
N II ]/H α values for our two galaxies (as seen from the top left-hand
anels) suggests a sub-solar metallicity for these objects, as one 
ould expect from the low stellar mass of these galaxies (Tremonti 
t al. 2004 ). This feature is also confirmed by the metallicity versus
tellar mass relation from Maiolino & Mannucci ( 2019 ) which gives
ypical values of ∼0 . 3 –0 . 8 Z � for galaxies with stellar mass of
0 9 –10 10 M �. 
A resolv ed, pix el-by-pix el analysis of the BPT diagrams is possible

nly in the central regions of the galaxies due to the high S / N of
he emission lines involved. To study the processes taking place in 
he filamentary tails of the galaxies in detail, we generate instead 
igh S / N composite spectra. For this purpose, we focus on three
nd four independent regions (see Fig. 9 ) for CGCG097–079 and 
GCG097–073, respectiv ely. These re gions co v er the RPS tails of

he two galaxies at increasing distances from the galaxy discs. The 
losest region to the disc of CGCG097–073 is split in two parts to
 v aluate the potential difference in the line ratios of these two regions
hich appear as distinct both in the ionized gas surface brightness

nd its kinematics. To extract the co-added spectra, we follow Fossati
t al. ( 2016 , 2019 ) and we select the spaxels in each region where
/N (H α) > 5. We then sum the spectra of these spaxels after shifting
hem to rest-frame wavelengths using the kinematics information. 
hen, for each region, we fit the composite spectra with KUBEVIZ

n order to obtain emission line fluxes. As discussed in detail in
ection 5.1, the spectra extracted from the tails prominently show 

nhanced [O I ]/H α, and typical values of other line ratio diagnostics
s seen in previous studies of RPS galaxies. 

Having discussed the properties of these two new galaxies, in the
ollowing section, we turn to the properties of the larger sample, and
ut these results in the broader context of galaxies suffering RPS in
1367. 

 T H E  RPS  SCENARI O  IN  A 1 3 6 7  

ith the goal of obtaining a more complete view of RPS in A1367
nd in other massive clusters, we now combine the new observations
f CGCG097–079 and CGCG097–073 presented in the previous 
ections of this paper with other objects studied in this series of
apers to build a sample of known RPS galaxies. We can proceed
hen to study the properties of the diffuse gas filaments around these
alaxies (Section 5.1) and the regions of interaction between the 
iscs and the ICM (Section 5.2). 

.1 Ionization conditions outside galaxies 

his analysis on the diffuse gas in the tails of several galaxies
ith different properties (e.g. stellar mass, metallicity, star formation 

ctivity) is the first step towards a deeper knowledge of the interaction 
etween the cluster ICM and the galaxy ISM. 
MNRAS 511, 5180–5197 (2022) 
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Figure 10. BPT diagnostic diagrams [O III ]/H β versus [N II ]/H α (left-hand panel), [O I ]/H α (centre panel), [S II ]/H α (right-hand panel) derived from the 
composite spectra extracted from the seven regions of CGCG097–073 and CGCG097–079 presented in Fig. 9 and gas diffuse filaments from BIG, CGCG097–
087, CGCG097–087N, and ESO137–001 obtained from the previous papers of this series. Error bars are obtained from KUBEVIZ fits. Downward or leftward 
arrows represent the 2 σ upper limits of the line ratios when metal lines are too faint to be detected. The grey and pink contours, and the solid and dashed black 
lines are as in Fig. 8 . 
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Fig. 10 shows the BPT diagrams obtained from the co-added
pectra of different regions outside galaxies and on the RPS tails
n our sample. Specifically, we sho w se v en re gions of CGCG097–
79 and CGCG097–073 (Fig. 9 ), tail (T) and blob (B) regions in
SO137–001 in the Norma Cluster (Fumagalli et al. 2014 ; Fossati
t al. 2016 ), regions F1, F2, and F3 in the BIG (Sakai et al. 2002 ;
ortese et al. 2006 ; Fossati et al. 2019 ), and finally the ionized
as tails in CGCG097–087 and CGCG097–087N (Consolandi et al.
017 ). While the Balmer H α and H β lines are robustly detected in
ach composite spectrum, metal lines can be too faint to be detected
n some regions. In these cases, we show the 2 σ upper limit of the
ine ratios as downward or leftward arrows. 

The [O III ]/H β versus [O I ]/H α diagram confirms the result found
lso in Fig. 8 . Indeed, almost all points populate the bottom right-
and corner of the diagram, which we interpret as an indication of
he rele v ance of ionization from shocks induced by the RPS e vents.
he reference contours from SDSS nuclear re gions (gre y contours)
r MaNGA outer discs (pink contours) indicate that these line ratios
re not typical in local star-forming galaxies. 

Furthermore, we note that the [O III ]/H β versus [S II ]/H α diagram
s not a particularly good discriminator for the conditions in the
PS tails, as all the re gions e xamined here are consistent with both

eference samples of unperturbed star-forming galaxies. Lastly, the
O III ]/H β versus [N II ]/H α diagram indicates typical [N II ]/H α val-
es consistent with photo-ionization from H II regions, as mentioned
n the previous section. In this plane, the points present a larger
catter compared to the other diagrams, a feature which we ascribe
o the metallicity sensitivity of this indicator. If used alone, this
atter diagram would let us conclude that standard photoionization
onditions pre v ail in RPS tails, while the peculiar [O I ]/H α ratios
ndicate a significant contribution of other ionization processes. 

An outlier with respect to the other points is the CGCG097–
87N, marked by a yellow triangle in the BPT diagrams. We notice
n fact that this region shows an higher value compared to the
ther galaxies in all ratios on the x -axis of the BPT diagrams:
N II ]/H α, [O I ]/H α, and [S II ]/H α. This is probably related to the
idal interaction driven by its higher mass companion CGCG097–
87, as already discussed in Consolandi et al. ( 2017 ). The regions
abelled BIG F1 and CGCG097–079 T2 are also outlying having
o wer v alues (or upper limits) on the [O III ]/H β ratio. This could
NRAS 511, 5180–5197 (2022) 

[  
ndicate a weak ionization parameter but could also be a consequence
f larger errors arising from shallower observations in these regions,
r some skyline residuals. 
To further quantify the unusual [O I ]/H α signature of RPS tails

ompared to galaxy discs, we have identified a rectangular region (red
ashed rectangle in Fig. 8 ) in each BPT diagram that includes 11 of
ur 14 data points. We exclude the three outliers (CGCG097–087N,
IG F1, and CGCG097–079 T2) for the reasons described abo v e.
ach rectangle therefore includes 79 ± 11 per cent of our sample.
he fraction of MaNGA spax els, representativ e of the outer discs
f galaxies, that falls in each rectangle is 20 and 27 per cent for the
N II ] and [S II ] BPT diagrams, respecti vely. While the dif ference is
ignificant, it can be ascribed to the limited metallicity and ionization
arameter range of our sample. The same fraction of MaNGA
paxels, ho we ver, becomes a mere 2 per cent in the [O I ] diagnostic
iagram, i.e. there are virtually no galaxy discs in the region of the
O I ] BPT diagram where the vast majority of RPS tails live. As
 last test, we limit the fraction of MaNGA spaxels to those that
ave −0 . 55 < log ( [O III ] / H β) < −0 . 20 ratios as low as the RPS
ails. In this case, we are answering the question, how statistically
ignificant is the [O I ]/H α ele v ated ratio among normal galaxies at
xed [O III ]/H β? The fraction of MaNGA spaxels raises only to
 per cent, roughly an order of magnitude lower than for RPS tails.
hile selection effects are present even in the MaNGA sample, we

re therefore confident that the specific locus occupied by RPS tails
n the [O I ] BPT diagnostic is not directly related to the properties
f the gas ablated from the outer regions of galaxies but that it
ather encodes more information on the physics of the stripping
rocess. 

.2 The RPS interface regions 

n the previous section, we have shown how the full sample shares
ommon physical properties of the diffuse gas in the tails as inferred
rom the analysis of emission lines through BPT diagrams. Focusing
nstead on the RPS interface regions, i.e the regions of interaction be-
ween the galaxy disc and the cluster ICM, it is possible to notice that
if ferent galaxies sho w dif ferent physical properties from the study
f the emission line ratios. Specifically, we examine the [O III ]/H β,
N II ]/H α, [O I ]/H α, and [S II ]/H α ratios to explore in more detail
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Figure 11. From left- to right-hand panels: [O III ]/H β, [N II ]/H α, [O I ]/H α, and [S II ]/H α line ratio maps for CGCG097–079, CGCG097–073 CGCG097–120, 
CGCG097–114, and ESO137–001 (top to bottom). For visualization purpose, we show only spaxels with S / N > 3.5 for all emission lines considered. Black 
ellipses mark the stellar discs (see text for details). Blue polygonal regions (red for CGCG097–120, CGCG097–114, and ESO137–001 for visualization purpose) 
are the RPS interface regions extracted from the line ratios. The black crosses indicate the optical centre of the galaxies. 
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he ionization strength, metal content, and contribution of shocks 
n this interface region. We exclude from the analysis CGCG097–
87 and CGCG097–087N because of the complex kinematics due 
o the existence of multiple velocity components along the line of
ight in CGCG097–087 and the gravitational and tidal interactions 
n CGCG097–087N (Consolandi et al. 2017 ). 
In Fig. 11 , we present line ratio maps of five galaxies:
GCG097–079, CGCG097–073, CGCG097–120, CGCG097–114, 
nd ESO137–001, ordered from top to bottom. The black ellipses 
n the left-hand panels represent the stellar disc of the five galaxies
btained at a SB limit of 25 mag arcsec −2 from r -band images of
he galaxies extracted from the MUSE data cube. The polygonal 
MNRAS 511, 5180–5197 (2022) 
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M

Figure 12. BPT diagnostic diagrams [O III ]/H β versus [N II ]/H α (left-hand panel), [O I ]/H α (centre panel), [S II ]/H α (right-hand panel) derived from the 
composite spectra extracted from the five RPS interface regions of CGCG097–079, CGCG097–073, CGCG097–120, CGCG097–114, and ESO137–001 shown 
in Fig. 11 (blue/red polygonal regions). Error bars are obtained from the KUBEVIZ fit and leftward arrow in the central panel represents the 2 σ upper limit for 
[O I ]/H α. The grey and pink contours, and the solid and dashed black lines are as in Fig. 8 . 
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egions (blue: CGCG097–079 and CGCG097–073, red: CGCG097–
20, CGCG097–114, and ESO137–001) in the same panels mark the
rojected areas in which galaxies are likely to be interacting with the
CM. They are selected to be on the opposite side of the tails, at the
dges of the H α discs, where we can obtain good signal to noise
n the emission lines and without a pre-selection on emission line
atios. In ESO137–001, this region is defined as ‘front’ in Fossati
t al. ( 2016 ) and we show it for consistency with that work, although
he low S/N of lines fainter than H α limits our ability to show
 spatially resolved map. The integrated spectrum of the region,
o we v er, pro vides a better S/N on most of the lines we use for the
PT diagnostics. 
Focusing first on CGCG097–079 and CGCG097–073, we witness

 clear increase of the [O III ]/H β ratio in the RPS interface regions.
he same areas are also peculiar for the low values of [N II ]/H α,

O I ]/H α, and [S II ]/H α compared to the rest of the disc. This
s consistent with a photo-ionization region with an ele v ated star
ormation and a high ionization parameter of the gas Fossati et al.
 2016 ). Indeed, a local increase in specific SFR is usually connected
ith an increase also in the strength of the [O III ] emission line

Kennicutt 1992 ). This is the first time in this series of papers
n which we identify such a significant increase of [O III ]/H β in
hese re gions. Conv ersely, in CGCG097–120, CGCG097–114, and
SO137–001, we observe an enhanced [N II ]/H α ratio and low
alues of [O III ]/H β. In particular, in CGCG097–120 the increase
f [N II ]/H α ratio is located at the edge of the truncated ionized gas
isc (red region of Fig. 11 ). This is well within the stellar disc and
orresponds to the region where the stripping process is currently
aking place. A similar increase in [N II ]/H α is present at the centre
f the galaxy where, ho we ver , a weak A GN is present. Although
nly marginally visible in these maps, the integrated spectrum of the
nterface region of CGCG097–120 also shows elevated [O I ]/H α and
S II ]/H α compared to the inner regions of the disc. Similar features
re present in the maps of CGCG097–114, although we caution that
he interpretation of the higher value of [N II ]/H α suffers from a larger
ncertainty on the line ratios, which are measured at 3.5 < S / N < 5.
Fig. 11 gives us a spatially resolved view of the processes taking

lace at the ICM interface regions. Indeed, we see that different
alaxies in our sample can be divided in two macro-branches:
alaxies with high [O III ]/H β and low [N II ]/H α (and with a similar
ehaviour if [N II ] is replaced by [O I ] or [S II ]) or low [O III ]/H β and
NRAS 511, 5180–5197 (2022) 
elatively high [N II ]/H α. We now investigate whether these different
ine ratios can be related to different stages of evolution of the RPS
rocess. To examine in more details the physical conditions of these
alaxies and to obtain a more precise picture of this scenario, we
enerate high S / N composite spectra of the RPS interface regions
blue and red polygonal areas in Fig. 11 ) in the same way as in
ection 5.1. 
The BPT diagrams for these five regions are shown in Fig. 12

n which we present the five galaxies described above. Focusing on
he left-hand panel, CGCG097–073 (blue circle) and CGCG097–079
red square) populate the top left-hand region of the diagram corre-
ponding to the top left-hand area of the SDSS/MaNGA samples of
alaxies which are populated by objects with strong photoionization
rom H II regions. CGCG097–120 (orange diamond), CGCG097–
14 (green diamond), and ESO137–001 (yellow triangle) settle in the
entral region of the BPT diagram and only CGCG097–120 is at the
ight of the separation line. A less strong separation along the x -axis
an be found in the central and left-hand panels which indicate that
hese regions are more consistent with each other in terms of [O I ]/H α

nd [S II ]/H α ratios, with CGCG097–120 consistently showing the
ighest value for these ratios. We e xplicitly v erified the impact of an
ncertain GANDALF stellar continuum subtraction on these results by
easuring the line ratios in the extreme assumption of not applying

ny continuum subtraction and we found the line ratios to vary by
ess than 10 per cent. 

To better understand if the different line ratios arise due to
n evolution of the RPS process, we focus next on whether the
elativ e e xtension of the stellar and gas discs can be linked to these
ifferent line ratios. Indeed, the degree of truncation of the disc has
ften been regarded as a proxy for the progress of the RPS event
ith more truncated discs being at a more advanced stage in the

tripping (Cortese et al. 2012 ; Tonnesen & Bryan 2012 ; Fossati
t al. 2013 ). Qualitatively, it is possible to see that the gas disc
f CGCG097–079, CGCG097–073, and CGCG097–114 have a
imilar extent to the stellar disc. Conversely, in CGCG097–120 and
n ESO137–001, the region characterized by ionized gas emission
s between half to one-third the size of the stellar disc. We quantify
his by computing the R H α/ R r -band ratio, where R r -band is the radius at
he 25th mag arcsec −2 of the stellar optical disc as previously seen in
ig. 11 , and R H α is obtained from the H α emission line at a surface
rightness limit of ≈2 × 10 −18 erg s −1 cm 

−2 arcsec −2 , for all the
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Ram-pr essur e stripping in A1367 5193 

Figure 13. BPT diagnostic diagram [O III ]/H β versus [N II ]/H α derived 
from the composite spectra extracted from the same regions of Fig. 12 . 
Error bars are obtained from the KUBEVIZ fit. The colourbar represents the 
R H α / R r -band ratio. The grey and pink contours, and the solid and dashed black 
lines are as in Fig. 8 . 
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bjects. We now attempt to bring together the line ratio diagnostics 
nd the R H α/ R r -band ratio to identify if an evolutionary sequence can
e identified in our sample. 
In Fig. 13 , we show the BPT diagram of the [O III ]/H β versus

N II ]/H α, as already plotted in the left-hand panel of Fig. 12 and
hich appears to maximize the differences in the emission line 
roperties of the five galaxies in our sample. We colour code the
oints extracted from the five interface regions of the galaxies by their 
alue of R H α/ R r -band . It is immediately clear that the points in the top
eft-hand region of the diagram show no or negligible truncation of
he gaseous disc (i.e. values close to unity for the R H α/ R r -band ratio).
onversely, CGCG097–120 and ESO137–001 show a significant 

runcation of the disc, with values of R H α/ R r -band ≈ 0.36 and ≈0.27,
espectively. We, thus, conclude that the two galaxies with high 
O III ]/H β appear to be undergoing a starburst at an early phase of
he stripping process when they are still rich in cold/warm gas, while
GCG097–120 and ESO137–001 are already at a later stripping 

tage – as shown by the significant truncation – and their activity in 
he interface region is characterized by lo w le vels of star formation
nd a more prominent contribution from shocks. Moreo v er, as shown
n Table 1 , CGCG097–120 exhibits the highest H I -deficiency of our
ample indicating a significant lack of cold H I gas in its disc. An
ntermediate phase is shown by CGCG097–114, which does not 
how a starburst while still having an extended gaseous disc and a
ich H I -content. We will discuss in detail the implications of these
esults in the following section. 

 DISCUSSION  

hanks to the increasing number of MUSE observations of active 
alaxies in the past years, we are now in the position of building a
tatistical sample of galaxies with the purpose of reaching a more 
omplete view of the RPS events in the active cluster A1367. The
ich multiwavelength data set available and the presence of an high 
raction of blue galaxies infalling in the cluster at present days, 
ake A1367 an ideal environment to better understand how RPS 

an actively remove the ISM of galaxies and what are the typical
ime-scales leading to the quenching of the star formation activity. 

With our eight galaxies, we can identify similarities and differ- 
nces both for the properties inside the galaxies and their ionized gas
ails, also taking into account morphology, location in the cluster, 
nd line-of-sight velocity, with the ultimate goal of understanding 
he evolutionary stages of RPS. We now discuss the main effects of
PS on the activity of the galaxies and the physical conditions of

heir ionized gas tails. 

.1 RPS in CGCG097–79 and CGCG097–073 

y focusing on the two galaxies CGCG097–079 and CGCG097–
73, which we presented in this paper, it is possible to notice
hat both galaxies show ordered rotation with a velocity gradient 
particularly obvious in CGCG097–079) in the direction of the gas 
ow. Furthermore, from the study of the velocity dispersion, we 
an assert that there are no significant regions of high turbulence
 σ > 75 km s −1 ) in the disc and in the tail of the two galaxies.
avazzi et al. ( 2001 ) and Boselli & Gavazzi ( 2014 ) argued that

he morphology at the far end of the tail of CGCG097–079, which
ecomes less streamlined and more clumpy, is suggestive of an 
nteraction between the galaxies. With our MUSE data, we do not
etect significant variations in the kinematics of the ionized gas in this
egion. While this does not rule out conclusively an interaction, the
ack of kinematic signature does not offer support for this hypothesis,
a v ouring instead a superposition in projection of these galaxies. 

The diffuse gas filaments in these two galaxies do not exhibit
right and compact ionized gas regions, which are identified as 
 II regions in other RPS galaxies. While two regions can be

dentified in the tail of CGCG097–073 using the criteria detailed 
n Fossati et al. ( 2016 ), these are relatively extended ( FWHM ≈
 −3 times the MUSE PSF) and are a factor of 10 fainter than
he H II regions found in ESO137–001 (Fossati et al. 2016 ) or in
GCG097–087 (Consolandi et al. 2017 ). These properties make 

hem only candidate H II re gions. Conv ersely, no source is identified
n the tail of CGCG097–079. We will further discuss this piece of
vidence in Section 6.3.1. The line ratios in these tails is typical
f galaxies subject to RPS and confirms that they are undergoing
 significant stripping process in the cluster hot halo. On the other
and, the compression of the gas in the leading edge of the two
alaxies leads to a significant burst of star formation (Fig. 11 ),
hich results in the global SFR of the two galaxies being roughly a

actor of 10 abo v e the main sequence of galaxies of the same mass. 

.2 Star formation in the discs of RPS galaxies 

everal studies have shown that galaxies in clusters lose their gas
ia RPS. The lack of atomic gas and the decrease of the molecular
omponent induce a decrease of the star formation activity (Balogh 
t al. 2004 ; Baldry et al. 2006 ; Boselli & Gavazzi 2006 , 2014 ;
einmann et al. 2006 ; Fumagalli et al. 2009 ; Gavazzi et al. 2010 ;
ilman, Zibetti & Budav ́ari 2010 ). Ho we ver, observ ations and

imulations suggest that under certain conditions the SFR can be 
nhanced, generating a starburst (Donas et al. 1990 ; Fossati et al.
012 ; Vulcani et al. 2018 ; Poggianti et al. 2019 ; Boselli et al. 2021b ).
oreo v er, observ ations (Gav azzi et al. 1995 ; Vollmer & Huchtmeier

003 ; Boselli et al. 2021b ) and simulations (Troncoso Iribarren et al.
016 ) show SF enhancement only in the interface region of the
alaxies, suggesting that RPS is responsible for a compression at the
eading edge of the stellar disc and a temporary increase in the SFR.
MNRAS 511, 5180–5197 (2022) 
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Figure 14. Relationship between the star formation rate and the stellar mass 
(main sequence) for our sample of galaxies suffering RPS. The grey filled 
dots represent the mean main sequence relation extracted from the Herschel 
Reference Surv e y (HRS) for H I -normal galaxies (Boselli et al. 2015 ) and 
the black filled circles give the mean values and the standard deviations in 
different bins of stellar mass for these points. 
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n this scenario, it is then possible to build an evolutionary sequence,
n which galaxies infalling in clusters experience first a localized
oost in the SFR, due to gas compression. After this enhancement,
alaxies continue to lose their gas via RPS, finally quenching their
tar formation activity. 

The different features observed in our sample of galaxies suggest
hat ionized gas in RPS interface regions sho ws dif ferent star
ormation properties at different stages of evolution. The increasing
n [O III ]/H β ratio observed in CGCG097–079 and CGCG097–073
ould be a result of the SFR boost caused by compression of the
onized gas due to RPS, as also indicated by the presence of several
right star-forming knots in arc-shaped regions as shown in Figs 4
nd 5 (see also Gavazzi et al. 1995 ). On the other hand, high values
f [N II ]/H α and low [O III ]/H β ratio in CGCG097–120, CGCG097–
14, and ESO137–001 may be caused by a more advanced stripping
hase when the outer regions of the galaxies have been completely
mptied of gas and the star formation process has almost stopped.
n this case, shocks could be dominating the residual ionization of
he gas. As it can be seen in Fig. 11 , the inner parts of these discs
particularly CGCG097–120) show line ratios consistent with photo-
onization which is indicative that the stripping process has not yet
eached those inner regions. Furthermore, the progress of the RPS
vent can be seen from the amount of truncation of the star-forming
isc (Fossati et al. 2013 ). For CGCG097–120 and ESO137–001 (see
ig. 13 ), the stellar disc is approximately twice as large as the star-
orming region. A similar feature is visible in NGC 4330 in the
irgo cluster (Fossati et al. 2018 ) where ram pressure has remo v ed

he outer gas in the past 500 Myr and is now proceeding in the inner
alf of the stellar disc extension. Galaxies presenting low truncation
n the disc, such as CGCG097–073 and CGCG097–079, settle in
he top left-hand region of the BPT diagram where they experience
n enhancement in the SFR. A disc truncation is not observed in
GCG097–114, even if it shows shock-like emission-line properties,
aking this object possibly in an intermediate stage between the gas

ompression phase and the truncation and quenching phase. 
In Fig. 14 , we show the relationship between the star formation

ate and the stellar mass (main sequence, MS) for our sample of
PS galaxies, compared with the main sequence relation from the
ersc hel Reference Surv e y (gre y filled dots) for H I normal galaxies
hich represent an unbiased sample of unperturbed galaxies at

omparable redshifts (Boselli et al. 2015 ). In both samples, SFR
alues are obtained using the dust corrected H α flux, limiting the
ystematic offsets that could arise when different tracers are used.
urthermore, as shown in Table 1 , our RPS galaxies do not host a
entral AGN emission that could affect the SFR estimates, and in the
ase of CGCG097–120 which is classified as a LINER, we remo v e
he central emission when computing the SFR. 

CGCG097–079 and CGCG097–073 stand out as significant out-
iers, being ≈ 1 dex above the main sequence and are undergoing a
trong starburst. CGCG097–087 is also abo v e the main sequence but
ts edge-on morphology makes the analysis of the interface region
nd of the disc truncation more difficult. The other galaxies are
enerally on or slightly abo v e the MS. This is not unexpected as
ven for the most truncated galaxy in our sample (CGCG097–120),
he amount of star formation taking place in the outer disc is small
ompared to the inner disc. Other galaxies in the Virgo cluster, for
nstance NGC 4569 (Boselli et al. 2016a ) and NGC 4330 (Fossati
t al. 2018 ), show more truncated discs and a global SF activity that is
 factor of 5–10 below the MS. We therefore expect that the galaxies
n our A1367 sample, as well as the aforementioned Virgo galaxies,
ill become passive objects in the next 1–2 Gyr (Fossati et al. 2018 ).
oreo v er, the fact that only a fraction of galaxies show an active
NRAS 511, 5180–5197 (2022) 
tarburst could be an indication that this is a relatively short-lived
hase at the beginning of the stripping process and it is followed
y a decrease in the star formation activity leading to quiescence.
his is consistent with the study of a complete sample of galaxies in

he Virgo cluster by Boselli et al. ( 2016b ). These authors found that
PS could be responsible for the majority of the transformations of

tar-forming objects into passive ones in the cluster environment. 

.3 Properties of the RPS tails 

he H α emission line is mostly used to detect extended ionized gas
round galaxies at a typical gas temperature of T � 10 4 K (Osterbrock
 Ferland 2006 ). All the objects, we followed-up with MUSE exhibit

xtended ionized gas tail, with the only exception of CGCG097–120
here the RPS event is seen almost face-on (Fossati et al. 2019 ). 
Due to the extension of the tails, we have been able to study the

onization conditions of the gas, using the BPT diagrams (Fig. 10 ),
n 14 independent spatial regions. A clear evidence stands out:
3/14 regions have an ele v ated [O I ]/H α ratio combined with a low
O III ]/H β ratio, placing them on the right of the photoionization
eparation line. These ratios are highly unusual both for the nuclei
nd the outer discs of star-forming galaxies occurring in < 2 per cent
f the data sets drawn from these surveys. In our sample instead, the
raction of tails with ele v ated [O I ]/H α is close to 100 per cent. We
herefore argue that these ratios are a very typical signature of the
iffuse gas emission of RPS events. 
The observed line ratio cannot be explained by photoionization

lone or by classic shock-heating models, as first discussed in
oshida et al. ( 2012 ). These authors conclude that the low-velocity
hocks are the most likely origin of this line diagnostic signature.
e cannot, ho we ver, rule out the contribution of heat conduction or

adiation from the hot ICM and of magneto-hydrodynamic waves
r cosmic-rays in generating this distinctive signature. Conversely,
he tail regions cluster in the photoionization region of the [S II ]/H α
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Table 2. The fraction of H α flux in compact knots (putative H II regions) 
to the total flux in the tails and filaments of the galaxies in our sample. 
The samples of compact knots are taken from Fossati et al. ( 2016, 2019 ) 
and Consolandi et al. ( 2017 ) for the literature sample presented in these 
papers; and are extracted using the same procedures for the two galaxies first 
presented in this work: CGCG097–073 and CGCG097–079. In the case of 
CGCG097–079, we identify no compact source in the tail and we assume the 
same flux of sources as in CGCG097–073 in computing the fraction, which 
we consider to be an upper limit. 

Name f H α, H II /f H α, tail 

ESO137–001 0 .18 
CGCG097–087 0 .30 
CGCG097–073 < 0 .02 
CGCG097–079 0 .03 
BIG F1 0 .03 
BIG F2 0 .24 
BIG F3 0 .03 
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iagram making the [S II ] line less sensitive to the aforementioned
rocesses than [O I ]. Lastly, the individual data points are scattered
 v er more than one order of magnitude in the [N II ]/H α ratio,
robably because this ratio is more sensitive to the gas metallicity 
Wuyts et al. 2016 ). Despite this scatter, all the points are in
he photoionization part of the [N II ]/H α BPT diagram. We note
hat the ‘Diffuse Ionized Gas (DIG)’ associated with some nearby 
tar-forming galaxies shows similar emission-line ratios (see e.g. 
and 1998 ). Binette et al. ( 2009 ) tried to explain the emission-line

pectrum of the DIG in NGC 891 with a combined model of turbulent
ixing layer and photoionization, reproducing the emission-line 

atios except for [N II ]/H α ratio (which could be modulated by
etallicity). Ho we ver, their model cannot reproduce the luminosity 

f the emission lines, and it remains unclear whether the same 
hysical conditions apply in a completely different environment 
ike the tails of RPS galaxies. Moreo v er, we can observe the same
onization features in the orphan cloud in A1367 that cannot be 
raced to a parent galaxy and has an unclear origin (Ge et al. 2021a ).
oggianti et al. ( 2019 ) found similar trends for the [N II ]/H α and
O I ]/H α ratios in a sample of RPS tails behind 16 galaxies from the
ASP surv e y. The authors conclude that the ionization mechanism 

s mostly photoionization. Our results make clear that diagnostic 
iagrams have to be interpreted with caution and that while some 
ines show ratios consistent with photoionization, the role of shocks 
r other processes cannot be neglected due to the peculiar [O I ]/H α

atios found in these tails (see also Campitiello et al. 2021 ). We
lso note that the GASP sample include galaxies selected to have 
tar formation activity in the tails, as a result, the dominance of
hotoionization could be higher than in our sample of galaxies 
elected solely on the presence of H α tails. 

Focusing on the kinematics, our sample of tails mostly show 

rdered rotation consistent with the gas kinematics when it was 
till located in the galaxy disc (Fumagalli et al. 2014 ). The velocity
ispersion is mostly below 50 km s −1 and it increases only at large 
istances from the galaxies where turbulence starts to dominate o v er
he ordered motion. Similar features are also observed in the MUSE
ata of galaxies subject to RPS in the Virgo cluster (Boselli et al.
021b ) or in galaxies in the GASP surv e y (Bellhouse et al. 2017 ).
he ordered motion of the gas in the tail could be an additional
vidence of the RPS mechanism and can be used to disentangle pure
PS events from other cases where gravitational interactions are at 
lay (e.g. CGCG097–125 in BIG; Fossati et al. 2019 ). Vulcani et al.
 2021 ) provides a complete checklist to identify RPS events from
ther environmental mechanisms. The presence of a companion is 
sually a clear indication of gravitational interactions, ho we ver, in 
he case of CGCG097–125, a companion might not be obviously 
ound as the galaxy appears to be a post-merger remnant. Similarly, 
igh-speed encounters in the cluster environments could lead to a 
ompanion being at large distances from the perturbed galaxy. In 
ummary, the presence of a ionized gas tail, evidence of shocks
nd of ordered motion of the galaxy stellar disc and of the tail are
xcellent indications of RPS. Ho we ver, in the rich environment of
lusters, it is very likely that RPS galaxies are also perturbed by other
echanisms, further increasing the complexity of the interpretation. 

.3.1 Star formation in tails 

he presence of SF in filaments around galaxies (Smith et al. 2010 )
s a highly debated topic, with contrasting results in literature. 
ulcani et al. ( 2018 ) and Poggianti et al. ( 2019 ) show that there

s a systematic enhancement in SF both in tails and galaxy discs
t redshift 0.04 < z < 0.1 within the GASP surv e y. As mentioned
bo v e, this enhancement is likely to increase the photoionization rate
nd therefore the energy input into the diffuse gas in the tails. This
ffect could be more pronounced in the GASP galaxies due to their
election method, where galaxies are followed up with MUSE if they
ave an asymmetric distribution of compact young knots outside the 
alaxy discs. Indeed, CGCG097–079 and CGCG097–073, despite 
heir long tails, only show a few faint and relatively extended knots
which we classify as candidate H II regions) without a continuum
ounterpart in the Subaru B -band image. As a result, those galaxies
ould not satisfy the GASP selection. Conversely, ESO137–001 

hows 33 compact SF knots mostly located in the inner part of the
ail where the gas velocity dispersion is lower and the tail is younger
Fumagalli et al. 2014 ; Fossati et al. 2016 ), and CGCG097–087
resents SF knots throughout the entire extent of the tail covered by
ur MUSE observations (Consolandi et al. 2017 ). Table 2 presents the
raction of H α flux in compact knots to the total flux in the tails and
laments of the galaxies in our sample. In our sample, the fraction
anges from 2 to 30 per cent in the tail of CGCG097–087. At face
alue, this result is not in contrast with the conclusions of Poggianti
t al. ( 2019 ) that the GASP RPS tails are powered by SF, since we
annot exclude that the diffuse gas in the tail is at least partially
ept ionized by H II regions. Ho we ver, the presence of extended tails
ith little or no detectable H II regions and the almost ubiquitous

le v ated [O I ]/H α ratio in our tails could suggest a minor role of SF
s ionization mechanism. 

Our results are reinforced by observations of RPS tails in the
irgo cluster. NGC 4569 has the most extended RPS tail in the
luster (Boselli et al. 2016a ) but without detectable regions of star
ormation. Boissier et al. ( 2012 ) analysed deep UV images of seven
alaxies in the Virgo cluster with H I tails. These authors did not
etect star formation in the tails which they interpreted with a lower
tar formation efficiency in these en vironments. W ith the samples
hat have been collected so far, it remains unclear what drives the
resence or absence of compact knots of star formation in the tails.
e postulate that the local ICM density and the inclination of the

alaxy with respect to the wind could be rele v ant parameters leading
o these differences but we cannot yet draw firm conclusions with
he data at hand. 

 C O N C L U S I O N S  

PS is an efficient process for the removal of ionized gas from
alaxies in rich clusters like A1367. The morphology and the 
urbulence of this cluster makes it an ideal environment to study the
MNRAS 511, 5180–5197 (2022) 
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hysics of RPS with high spatial resolution due to its small distance to
s. We presented new MUSE observations of a large mosaic of eight
ointings co v ering CGCG097–079 and CGCG097–073, two galaxy
embers of A1367, and their respective DIG filaments arising from
PS. This analysis builds on previous work presented in a series of
apers (Fumagalli et al. 2014 ; Fossati et al. 2016 , 2019 ; Consolandi
t al. 2017 ), which includes the study of galaxies suffering RPS in
1367, plus ESO137–001 which is falling in the Norma cluster.
espite this sample not being fully complete, it is large and
omogeneous enough to put constraints on the physical properties of
his type of galaxies and on the ionization conditions of their tails. 

Focusing on the ne w observ ations of MUSE of CGCG097–079
nd CGCG097–073 for which we presented an in-depth analysis of
he kinematics and the ionization conditions of the gas, we show that
hese galaxies do not present significant regions of high turbulence
n the disc and in their tails (within the limits allowed by the MUSE
pectral resolution). Moreo v er, we do not find trace of compact star
ormation regions in the gas diffuse filaments. However, we do see a
lear enhancement of SF in the leading edge of the two galaxies, due
o the compression of the gas. The study of the emission line ratios
n the tails show that they are typical of galaxies subject to RPS. 

Adding these new results to the previous work from this series of
apers, we obtain a better picture of the properties of galaxies falling
n A1367. 

Our analysis has produced the following results: 

(i) From the analysis of the emission line ratios in the RPS
nterface regions and the relationship between the star formation
ate and the stellar mass, we find that different ionization features
re connected to different stages of the evolution. We find that this
ossible evolutionary sequence is strictly related to the ionization
roperties of the gas and the level of the gas truncation in the disc.
e identify three main phases of the interaction. In an early phase,

alaxies could experience a burst of star formation placing them
bo v e the MS and before any truncation of the gas disc takes place.
n an intermediate phase, galaxies show a low ionization parameter in
heir star-forming disc with little or no truncation of the gaseous disc
these objects are generally on the MS). In a later phase, galaxies have
trongly truncated gaseous discs possibly characterized by shocks at
he edges of the disc and are moving below the star-forming MS. 

(ii) The study of the emission line ratios in the tails in our sample
f galaxies reveal a consistently elevated [O I ]/H α ratio combined
ith a low [O III ]/H β ratio in all the regions of the tails. This is
ossibly the strongest spectroscopic signature of RPS in the extended
as. This feature cannot be explained by photoionization alone or by
lassical shock-heating models, and it only occurs in a small fraction
f outer galaxy discs, while being very typical of hydrodynamic
rocesses due to RPS. We conclude that in our representative sample
f galaxies, shocks (or other complex ionization phenomena) play
he most important role in setting the ionization conditions of these
iffuse gas filaments. 
(iii) Lastly, we find that only in ≈50 per cent of our objects

including RPS galaxies in Virgo), we observe compact H II regions
n the tails. It is still unclear what drives the presence or absence of
ompact knots of star formation in the tails but it is becoming evident
hat this feature is not found in all the RPS events. 

Our integral field spectroscopic follow-up of RPS galaxies in
1367 revealed many similarities but also key differences in a
omogeneous sample of RPS objects in a single cluster. Despite
hese efforts, our sample remains relatively small and additional
ollow-up programmes and future observations targeting other rich
lusters will continue to add constraints on the physical parameters
NRAS 511, 5180–5197 (2022) 
f these type of galaxies, ultimately bringing us closer to understand
ow RPS shapes the formation of the red sequence in rich clusters. 
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