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A B S T R A C T 

We present XSHOOTER observations with previous ALMA, MUSE, and HST observations to study the nature of radio jet 
triggered star formation and the interaction of radio jets with the interstellar medium in the brightest cluster galaxy (BCG) in 

the Abell 1795 cluster. Using HST UV data, we determined an ongoing star formation rate of 9.3 M � yr −1 . The star formation 

follows the global Kennicutt–Schmidt la w; howev er, it has a low efficiency compared to circumnuclear starbursts in nearby 

galaxies with an average depletion time of ∼1 Gyr. The star formation and molecular gas are offset by ∼1 kpc indicating that 
stars have decoupled from the gas. We detected an arc of high linewidth in ionized gas where electron densities are ele v ated by 

a factor of ∼4 suggesting a shock front driven by radio jets or peculiar motion of the BCG. An analysis of nebular emission 

line flux ratios suggests that the gas is predominantly ionized by star formation with a small contribution from shocks. We also 

calculated the velocity structure function (VSF) of the ionized and molecular gases using velocity maps to characterize turbulent 
motion in the gas. The ionized gas VSF suggests that the radio jets are driving supersonic turbulence in the gas. Thus radio 

jets cannot only heat the atmosphere on large scales and may quench star formation on longer time-scales while triggering star 
formation in positive feedback on short time-scales of a few million years. 

Key words: ISM: jets and outflows – ISM: kinematics and dynamics – galaxies: active – galaxies: ISM – galaxies: jets – galaxies: 
star formation. 
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 I N T RO D U C T I O N  

he active galactic nucleus (AGN) feedback has become an integral
art of galaxy simulations to limit the growth of massive galaxies
ia star formation and to explain the presence of young stellar
opulations in low-redshift galaxies (e.g. Kauffmann & Haehnelt
000 ; Croton et al. 2006 ; Schawinski et al. 2006 ; Scannapieco
t al. 2012 ). Recent disco v eries of massiv e gas outflo ws dri ven by
ntense radiation or radio jets have demonstrated how effectively the
nergy released by an AGN can interact with its host environment
e.g. Morganti, Tadhunter & Oosterloo 2005 ; Nesvadba et al. 2006 ;
eruglio et al. 2010 ; Ruffa et al. 2019 , 2022 ). By heating and
 E-mail: pdtamhane@uwaterloo.ca 
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Pub
xpelling cold gas from a galaxy’s centre, the AGN activity can
imit the fuel available for star formation and accretion on to
he supermassive black hole (SMBH) and thereby regulate galaxy
rowth. 
The AGN feedback mainly occur in two phases, the ‘quasar
ode’ and the ‘radio mode’. The quasar mode occurs when the

old gas accretes efficiently on the central SMBH, forming an
ccretion disc that emits at all wavelengths. The intense radiation
nd winds from the accretion disc disrupt the surrounding gas
nd terminate star formation in a ne gativ e feedback (F abian 2012 ;
ombesi et al. 2015 ; Veilleux et al. 2020 ). In the low accretion
fficienc y re gime, the radio mode feedback dominates (Russell et al.
013 ). The radio jets inject energy into the atmospheres of galaxies
nd galaxy clusters by blowing bubbles, often seen as cavities or
urface brightness depressions in X-ray images. The atmosphere is
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eated by a combination of shocks (Randall et al. 2011 ), turbulence
Zhuravle v a et al. 2014 ), and the enthalpy released as the cavities rise,
eading to suppression of cooling and star formation (McNamara & 

ulsen 2007 , 2012 ; Donahue & Voit 2022 ). 
Although radio mode feedback is thought to maintain balance 

n the inner hot atmospheres of galaxies and clusters, AGN with 
ronounced radio jets are also prone to positive feedback (Gaibler 
t al. 2012 ; Zinn et al. 2013 ). Theoretical models predict positive
eedback scenarios, where a collimated jet or outflow compresses 
he surrounding interstellar medium (ISM) to trigger star formation, 
nd stars form within radiatively driven outflows as this material is
ompressed, cools, and fragments (e.g. Ishibashi & Fabian 2012 ; 
ilk 2013 ; Zubovas et al. 2013 ; Bieri et al. 2016 ). Star formation
ates from jet–ISM interactions are observed to be limited (e.g. 
an Breugel et al. 1985a ; Crockett et al. 2012 ; Cresci et al. 2015 ;
alom ́e et al. 2016 ; Santoro et al. 2016 ). Ho we ver, a dif ferent class of
odels and numerical hydrodynamical simulations have predicted 

n even more intriguing scenario where stars can form inside the 
utflowing clouds (Fabian 2012 ; Ishibashi & F abian 2012 ; Zubo vas
t al. 2013 ; Yu et al. 2020 ). Some of these models expect that stars
an form in this mode at a rate of up to 10–100 M � yr −1 . This
xciting new mode of star formation would generate stars with high 
adial velocities; hence, with kinematic properties different with 
espect to the galactic disc, and could contribute to the formation 
f the spheroidal components of galaxies (bulge, halo). Therefore, 
tar formation in these flows would contribute to the morphological 
volution of galaxies (e.g. Gaibler et al. 2012 ) and could explain
ey aspects of galactic structure, including the mass–radius relation 
f early-type galaxies (e.g. Ishibashi & Fabian 2014 ) and ‘inside–
ut’ galaxy growth, where compact z ∼ 2 galaxies form the cores of
resent-day massive ellipticals (van Dokkum et al. 2010 ; Ishibashi & 

abian 2012 ). 
Radio jet-induced star formation within their host galaxies has 

een detected in many objects at low (Salom ́e, Salom ́e & Combes
015 ; Salom ́e et al. 2017 ; Nesvadba et al. 2021 ) and high redshifts
Emonts et al. 2014 ; Nesvadba et al. 2020 ). Recent Very Large
elescope (VLT) observations of local ultra-luminous infrared galaxy 
ULIRG) IRAS F23128-5919 obtained the first detection of star 
ormation in outflowing gas occurring at a rate of 30 M � yr −1 ,
hich is ∼25 per cent of the global star formation rate in this system

Maiolino et al. 2017 ). Although with lower resolution, recent studies
sing the MaNGA surv e y hav e found e vidence for positi ve feedback
nd star formation in outflows in a significant fraction of galaxies 
Gallagher et al. 2019 ; Rodr ́ıguez del Pino et al. 2019 ). Here, we study
nother example of well-resolved star formation within molecular gas 
o ws dri ven by radio jets in the BCG of Abell 1795 galaxy cluster. Its
roximity and deep, high-resolution multiwavelength observations 
ake it an excellent candidates to study the positive radio-mechanical 

eedback. 
The central elliptical galaxy of the nearby cluster Abell 1795 hosts

 powerful radio source, 4C 26.42, which is driving two massive 
0 9 M � molecular gas flows (fig. 3 in Russell et al. 2017 ). These
xtended cool gas filaments are each ∼ 7 kpc in length and visible
n soft X-ray, H α, CO, and bright streams of star formation (e.g.

cNamara & O’Connell 1993 ; McNamara et al. 1996a ; Salom ́e &
ombes 2004 ; Crawford, Sanders & Fabian 2005 ). The filaments 
roject e xclusiv ely around the outer edges of two radio bubbles that
ave been inflated by the jet (van Breugel, Heckman & Miley 1984a ;
abian et al. 2001 ). The close spatial association with the radio

obes, together with smooth velocity gradients along their lengths 
nd narrow velocity dispersions, show that the molecular filaments 
re gas flows entrained by the expanding bubbles as explained in 
Russell et al. 2017 ). For thick, clumpy shells of molecular gas
round the radio bubbles, the column depth is greatest around the
eripheries, and therefore this morphology will be detected as bright 
ims, as observed. The south (S) molecular filament appears to form
n extension of a bright stream of young stars that are visible in
ST FUV observations, but appears disconnected from the central 

lump and spatially offset from the UV emission (shown in Fig. 6 ).
his striking spatial anticorrelation suggests that the molecular gas 
ow could be fuelling this burst of star formation. In this paper,
e study the interplay between the radio jets, ionized and molecular
as, and star formation using high spatial resolution multiwavelength 
bservations of Abell 1795. 
Throughout this paper, we use flat � CDM cosmology with 
 0 = 70 km s −1 Mpc −1 , �m 

= 0.3, and �� 

= 0.7. We adopt
 redshift of 0.063001 (see Section 3.2 ), where 1 arcsec corresponds
o 1.21 kpc. This paper is structured as follows: Section 2 describes
he data used in this paper, Section 3 describes stellar kinematics,
onized, and molecular gas morphology and kinematics, Section 4 
iscusses the comparison of ionized and molecular gas morphologies 
nd velocities, Section 5 discusses star formation and its efficiency, 
ection 6 discusses various nebular emission line ratios in the 
CG, Section 7 describes the velocity structure function (VSF) of 

he ionized and molecular gases and its discussion and finally we
ummarize our results in Section 8 . 

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

.1 XSHOOTER 

he galaxy spectra were obtained with the X-SHOOTER spectrome- 
er at the European Southern Observatory’s Very Large Telescope 
ESO-VLT; Vernet et al. 2011 ) (Program ID: 60.A-9022(C), PI: 
elen Russell). We selected 11 arcsec-long slit for all arms. The slit
idth was 1 arcsec in the ultraviolet B (UVB) arm, and 0.9 arcsec

n the visible (VIS) and near-infrared (NIR) arms. This setting gives
 spectral resolution of 5100, 8800, and 5300 in UVB, VIS, and
IR arms, respectively. The full width at half-maximum (FWHM) 
as 0.126, 0.12, and 0.882 nm for UVB, VIS, and NIR arms

orresponding to velocity resolutions of ∼88, 45, and 151 km s −1 ,
especti vely. The observ ations were taken between April 2018 and

arch 2019. The seeing during observ ations v aried between 0.57
nd 1.24 arcsec FWHM across exposures with a mean seeing of
0.84 arcsec. The slit was positioned with a position angle of 19 ◦ as

hown in the left-hand panel of Fig. 1 . This orientation and slit width
as chosen to enable the slit to sample both the S outflow filament

nd the star-forming knots to the NE of the nucleus whilst providing
he required spectral resolution. Observations were e x ecuted in the
FFSET mode and interleaved with blank sky exposures of equal 
uration as that of the source, obtained at about 1 arcmin from the
alaxy, for sampling the background. For each exposure, standard 
tar observations were taken for flux calibration. The on-source 
ntegration time was 2 h in the UVB and NIR bands, respectively,
nd 1 h in the VIS band with a total integration time of 5 h. 

We performed data reduction and calibration in the ESOREFLEX 

oftware (version 2.11.0) using the recommended X-SHOOTER 

ipeline (version 3.5.0) (Freudling et al. 2013 ) following the standard
teps summarized below (Modigliani et al. 2010 ). We analysed 
ach individual exposure independently. The data were corrected 
nd calibrated for detector bias and dark current, detector pixel-to- 
ixel sensitivity variations, wavelength calibration, instrument and 
etector efficiency and response and background sky subtraction. 
he flux calibration was performed by analysing the standard 
MNRAS 519, 3338–3356 (2023) 
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M

Figure 1. Left: HST F150LP image of the star formation in Abell 1795. The black dashed box shows the position of the X-SHOOTER slit. The numbers indicate 
the regions along the slit used to extract the spectra for studying gas and stellar kinematics. Centre: Integrated CO(2–1) total intensity map with ALMA for 
velocities between −340 and 150 km s −1 . The dashed black box represents the orientation of the XSHOOTER slit relative to the molecular gas. We show radio 
contours at 8 GHz from the Very Large Array (VLA) from B ̂ ırzan et al. ( 2008 ) in magenta. Right: Chandra 0.5–7 keV X-ray image shows the hot X-ray gas 
emission with molecular gas contours from CO o v erlaid in blue, where levels correspond to flux densities of 0.2, 0.3, 0.4, and 0.5 Jy beam 

−1 km s −1 . The red 
‘X’ denotes the location of the nuclear radio source. 

Figure 2. Combined UVB and VIS arm one-dimensional XSHOOTER spectrum of the slit in the observed frame. Grey regions are affected by atmospheric 
telluric lines. Nebular emission lines and stellar absorption lines (red) are indicated. 

s  

fi  

b
 

t  

f  

s  

s  

i  

i  

t  

f  

S  

v  

e  

s  

1  

R  

1

t  

T

2

W  

g  

t  

N  

T  

O  

e  

T  

a  

a  

t  

n  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/519/3/3338/6965357 by guest on 24 January 2024
tar spectrum to determine instrument and detector response. The
nal data product is a wavelength corrected, flux calibrated and
ackground subtracted 2D spectrum of the slit for each exposure. 
The observations were taken during different times of the year and

he spectra generated by the pipeline were in the topocentric reference
rame. Therefore, we applied radial velocity correction to change the
pectrum to the barycentric frame of reference and resampled the
pectrum at the original wavelength grid using SPECTRES 1 package
n PYTHON for each exposure (Carnall 2017 ). We then combined
ndividual exposures for each arm to obtain the final 2D spectrum of
he filament in UVB, VIS, and NIR bands. We corrected the spectrum
or Galactic foreground extinction estimated from the dust maps of
chlafly & Finkbeiner ( 2011 ) by adopting R V of 3.1, the standard
alue for the diffuse ISM and Cardelli, Clayton & Mathis ( 1989 )
 xtinction curv e. The combined UVB and VIS band spectrum is
hown in Fig. 2 . We divided the area of the slit into 10 regions of
.1 arcsec × 1 arcsec and extracted the spectrum from each region.
egion 1 is ∼9.5 kpc to the S of the nucleus and region 10 is ∼3 kpc
NRAS 519, 3338–3356 (2023) 
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e  

T
 

p  
o the NE of the nucleus as shown in the left-hand panel of Fig. 1 .
he BCG nucleus lies close to region 8. 

.2 MUSE 

e also analysed Multi-Unit Spectroscopic Explorer (MUSE) inte-
ral field unit (IFU) spectrograph data for Abell 1795. The observa-
ions were carried out on 05 February 2015 in seeing limited WFM-
OAO-N configuration (Program ID: 094.A-0859(A), PI: Hamer).
he data were published and H α velocity maps were discussed in
li v ares et al. ( 2019 ). We reanalysed the data to study other nebular

mission lines together with ionized gas kinematics traced by H α.
hree exposures with an exposure time of 900s each were taken with
 total on source integration time of 2700s. Oli v ares et al. ( 2019 )
nalysed only one exposure with 900 s of on source integration
ime. For our study, we included all exposures for better signal to
oise ratio. The field of view of 1 arcmin × 1 arcmin co v ered the
ntire BCG including extended S H α filament in a single pointing.
hroughout the observation, the average seeing was 1.36 arcsec. 
The data were processed with ESOREFLEX framework using MUSE

ipeline version 2.8.5 (Weilbacher et al. 2020 ) with automated bias

art/stac3803_f1.eps
art/stac3803_f2.eps
https://spectres.readthedocs.io/en/latest/
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Figure 3. Voronoi binned stellar kinematics maps of A1795 with MUSE data. The left-hand and right-hand panels show velocity and velocity dispersion in the 
units of km s −1 in each bin, respectively. Each Voronoi bin has a line-free continuum signal-to-noise ratio of at least 50. The HST FUV150LP image contours 
smoothed with a Gaussian kernel of 7 pixels, indicating star formation are overlaid. 

s
,
s
T  

4  

d
i

2

T
s  

o
(  

t  

r

s  

t
i  

w
u
c
w  

e
 

c
b  

 

r  

fi
w
o
T

v  

a

2

W  

F  

f  

e  

T  

1
 

m  

f

3

3

O  

t  

F  

s  

y  

w
l
s  

a  

i  

d  

o  

2 ht tps://hla.st sci.edu/

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/519/3/3338/6965357 by guest on 24 January 2024
ubtraction, wavelength and flux calibration, as well as illumination- 
 flat-field, and differential atmospheric diffraction corrections and 
ky subtraction. We did not perform any additional sky-subtraction. 
he final MUSE data cube maps the entire galaxy in the range
750 Å < λ < 9350 Å with a spectral resolution of ∼2 Å. The
ata were corrected for foreground Galactic absorption as explained 
n the previous section. 

.3 ALMA 

he Atacama Large Millimetre/submillimetre Array (ALMA) ob- 
erved Abell 1795 between 2016 June 11 and 14 for 72 min as part
f programme 2015.1.00623.S (PI: Helen Russell). Russell et al. 
 2017 ) analysed the data and discussed in detail the properties of
he molecular gas in Abell 1795. For the purpose of this paper, we
e-analysed the ALMA data and reproduced some of the results. 

The data sets were calibrated with the ALMA pipeline reduction 
cripts in CASA version 4.7.2 (McMullin et al. 2007 ). We performed
he standard phase calibration. Additional self-calibration did not 
mpro v e the image root mean square (rms) noise. Line-free channels
ere used to subtract the continuum emission from the uv plane 
sing the task UVCONTSUB . We then deconvolved and imaged the 
ontinuum subtracted CO(2–1) visibilities using the CLEAN algorithm 

ith natural weighting to impro v e the sensiti vity to wards filamentary
mission. 

The final data cube is binned in 10 km s −1 channels with a per
hannel rms sensitivity of 0.64 mJy beam 

−1 and has a synthesized 
eam of 0.8 arcsec × 0.6 arcsec with a position angle of −15.4 deg.

We summed the flux in each pixel in the data cube in a beam-sized
egion centred on the pixel. Then the spectrum at each pixel was
tted with one or two Gaussian components using the LMFIT package 
hen emission was detected at greater than the 3 σ threshold, based 
n Monte Carlo simulations of the spectrum with 1000 iterations. 
he best-fitting parameters from this analysis were used to make 
elocity and FWHM maps of the molecular gas emission. All fluxes
nd linewidths are corrected for primary beam response. 

.4 HST and VLA data 

e used Hubble Space Telescope ( HST ) images taken with F150LP,
702W, and F555W filters in our analysis. All images were obtained
rom the Hubble Le gac y Archiv e. 2 The F702W and F555W images
ach have total integration time of 1780 s (Proposal ID: 5212, PI:
rauger) and the F150LP image has the total integration time of
300 s (Proposal ID: 11681, PI: Sparks). 
We also used the Very Large Array (VLA) L - and X -band radio
aps of the central radio source in Abell 1795 at 1.4 and 8.2 GHz

requencies, respectively, from B ̂ ırzan et al. ( 2008 ). 

 DATA  ANALYSI S  

.1 Stellar kinematics 

ne of our goals is to study the motion of young O and B stars in
he star-forming filament of A1795 shown in the left-hand panel of
ig. 1 . The HST FUV image clearly shows the presence of young
tars in the filaments as well as near the BCG centre. The spectra of
oung stars is dominated by He and H absorption lines at optical
avelengths. Fitting the stellar continuum containing absorption 

ines with young stellar population templates can provide line-of- 
ight velocities of young stars in the filament. Ho we ver, stellar H
bsorption lines o v erlap with nebular gas emission lines that makes
t extremely difficult to deblend them from each other. Moreo v er, we
id not detect He absorption lines in the spectrum (see Fig. 2 ). Most
f the light in the spectrum is dominated by older stars in the galaxy.
MNRAS 519, 3338–3356 (2023) 
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herefore, it is unfeasible to determine the velocities of young stars
n the S star-forming filament in A1795 using current XSHOOTER
ata. 
We estimated stellar velocities of older stars dominating the light

n the optical spectrum in the BCG using the MUSE data cube. We
pplied the Voronoi tessellation technique using VORBIN 

3 package
Cappellari & Copin 2003 ). The MUSE data were binned into tes-
ellations with a minimum signal-to-noise ratio of 50 in the line-free
ontinuum. We modelled the spectrum extracted from each bin with
YP ARADISE package. 4 PYP ARADISE iteratively performs linear least
quares fitting of line emission masked stellar continuum spectrum of
very spectral unit. It also estimates best-fitting line-of-sight velocity
istribution with a Markov Chain Monte Carlo (MCMC) method
ndependently. In Fig. 3 , we show the stellar velocity and velocity
ispersion map of the entire BCG. The stellar velocities are nearly
niform, with velocities lying between 50 and 100 km s −1 of the
ystemic velocity. There is no indication of a velocity gradient.
he stellar velocity dispersion in the central 1 arcsec radius region

s 259 ± 18 km s −1 consistent with the central stellar dispersion
alues reported in the literature (e.g. Loubser et al. 2018 ). The stellar
elocity dispersions vary between 230 and 320 km s −1 . 

.2 Systemic velocity 

e adopt a redshift of 0.063001 ± 0.000223 corresponding to
bserved barycentric systemic velocity of 18887 ± 67 km s −1 based
n stellar population synthesis modelling of the spectra extracted
rom central region of the BCG as described in Section 3.1 . All
elocities in this paper are calculated with reference to this velocity.
e note that our adopted systemic velocity is 78 km s −1 smaller than

he velocity adopted in Russell et al. ( 2017 ) and Oli v ares et al. ( 2019 ).
he redshift they used is based on gas emission line, whereas we used

he stellar continuum that may explain the difference between the two
edshifts. 

.3 Ionized gas mass and morphology 

e used PYPARADISE to estimate the emission line fluxes in each
paxel in the MUSE data cube. The best-fitting stellar continuum
as generated for each spaxel as explained in the section above. It is

ubtracted from the spectrum, and the residuals are fit with a chain
f linked Gaussians for each emission line with common velocity
entroid, velocity dispersion and priors on emission line ratios. The
mission lines included H α, H β, [O III ]5007, [N II ]6548,6584 and
S II ]6716,6731. The errors in emission line fluxes are estimated from
he Monte-Carlo bootstrap approach. The products from PYPARADISE

ere then used to make velocity, FWHM, and flux maps of emission
ines. 

In the left-hand panel of Fig. 4 , we show the flux-density map
f H α gas in the Abell 1795 BCG and the intracluster medium
ICM) around it. The peak ionized H α gas emission lies ∼0.6 kpc
E of the nuclear radio source, nearly co-spatial with the molecular
as in projection. There is a 7.6 kpc long bright filament of H α

rapped around the outer edge of the north (N) radio lobe. There
s another filament spanning nearly 14 kpc running NE to SW of
he nuclear source. The S part of this filament extending 9.5 kpc
o SW of the nucleus is nearly co-spatial with the radio lobes. The
 filament is twice as bright as the S filament. These filaments are
NRAS 519, 3338–3356 (2023) 
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t  
urrounded by fainter H α emission. The MUSE FOV also co v ers
he S outer ∼54 kpc long filament of H α that coincides with the
right filament seen in X-ray images of the cluster (Crawford et al. 
005 ). 
The total H α luminosity in the zoomed-in region shown in

ig. 4 , co v ering the BCG and inner filaments is (4.180 ± 0.002) ×
0 41 erg s −1 . We can then estimate the mass of the ionized gas as
Osterbrock & Ferland 2006 ), 

 ion = 

μm H L H α

γ n e 
, (1) 

here μ is the mass per hydrogen atom that we fix to 1.4, m H is the
ydrogen mass, L H α is the H α luminosity, and n e is the electron
ensity, which is 100 cm 

−3 (see Section 6.2 ), and γ is the ef fecti ve
ine emissivity. Assuming that the ionized gas is at a temperature of
2 000 K, γ ∼ 3 × 10 −25 erg cm 

3 s −1 (Baron & Netzer 2019 ), the
onized gas mass in the galaxy is 1.640 ±0 . 001) × 10 7 M �. 

.4 Ionized gas kinematics 

.4.1 Velocity 

he middle panel of Fig. 4 shows the velocity centroid map of H α.
he H α gas in the centre surrounding the central radio source is

edshifted to velocities of 100 km s −1 with respect to the BCG. The
edshifted gas appears wrapped around the southern radio lobe in
V’-shaped wings that extend out to ∼4.8 kpc on either side. They
ave a smooth velocity gradient from ∼0 km s −1 at the edges to
00 km s −1 at the centre of the BCG. There is a sharp change in
elocities of the ionized gas at the edges of the redshifted gas from
100 to −150 km s −1 to the E, W, and S of the ‘V’-shaped wings.
he gas immediately to the N–NE of the redshifted gas ∼2 kpc away

rom the BCG centre is blueshifted to velocities of −320 km s −1 ,
esulting in a sharp velocity change of ∼420 km s −1 . The reasons for
harp changes in velocity are not clear. It is likely that we are seeing
eparate H α filaments projected along the line of sight, where the
edshifted gas is on the near side and blueshifted gas is on the far
ide. In that case, it would indicate that the redshifted gas is inflowing
nd the radio jets punched a hole in the gas causing the ‘V’-shaped
elocity structure, where the gas directly along the path of the radio
et is being blo wn away. Alternati vely, the sharp change in velocity
uggests that the region is experiencing a shock either caused by
adio jets or the peculiar motion of the BCG in the cluster medium.
loshing due to the peculiar motion of the BCG may also contribute to

he observed velocity structure of the ionized gas. The sharp velocity
radient of 420 km s −1 is close to the BCG’s peculiar velocity of
68 km s −1 with respect to the cluster’s average velocity (Zabludoff,
uchra & Geller 1990 ). Alternatively, the gas may have cooled from

he surrounding hot gas through interaction with the radio lobe in its
 ak e. Ho we ver, the H α luminosity observed in Abell 1795 exceeds

he luminosity expected if the gas were condensing from the hot
CM (McDonald, Veilleux & Rupke 2012 ). Therefore, it is probably
 combination of both. 

.4.2 Velocity FWHM 

he region of the sharp changes in velocities of the ionized gas
s co-incident with large FWHM, as seen in the right-hand panel
f Fig. 4 . In a region that appears like an arc to the N–NE of the
entral radio source where the velocity gradient is most extreme, the
onized gas has very high FWHM between 600 and 700 km s −1 . In
he centre and along the inner edges of the ‘V’-shaped wings, the

https://pypi.org/project/vorbin/
https://github.com/brandherd/PyParadise
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N

E

Figure 4. The figure shows the H α flux (left), velocity (centre), and FWHM (right) map created from the MUSE data cube. Pixels where the FWHM is less 
than 800 km s −1 are shown. The VLA radio contours at 8 GHz from B ̂ ırzan et al. ( 2008 ) are o v erplotted in white. ALMA CO(2–1) contours are shown in 
magenta for comparison. 
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WHM are 400–500 km s −1 . The high FWHM along the boundary
f the ‘V’-shaped wings also drop sharply to ∼250 km s −1 to the NE
f the nucleus, roughly co-spatial with the N molecular gas filament. 
he inner S filament has a narrow FWHM of 100–150 km s −1 .
he arc of very high FWHM could be a result of beam smearing,
here the region of sharp velocity gradient is poorly sampled due 

o large seeing during observations. It can blend spectral features 
t different line-of-sight velocities leading to flattened spectrum and 
ncreased observed line-of-sight velocity dispersion. For example, a 
imilar effect has been shown to greatly exacerbate the observed line 
f sight velocity dispersion at the centre of a galaxy for a single-
omponent disc model (Davies et al. 2011 ). Still, the possibility of
 shock cannot be completely ruled out. Higher spatial resolution 
pectroscopic studies of that region may provide a deeper insight. 
e note that Crawford et al. ( 2005 ) reported a rise in FWHM in the
 filament. We do not detect any significant changes in FWHM in

he N filament. Perhaps the single Gaussian component fit does not 
apture the broad-component properly if it is present. 
.4.3 XSHOOTER 

e also estimated ionized gas velocities using the XSHOOTER 

pectrum of the inner filament. We fitted the XSHOOTER spectrum 

f each region in the slit with a high-resolution single stellar
opulation templates from Gonz ́alez Delgado et al. ( 2005 ) using
he PPXF 5 package (Cappellari 2017 ) to determine the best-fit stellar
ontinuum. We then subtracted the best-fitting stellar continuum from 

he spectrum of each region to remove stellar absorption in H Balmer
ines. We fitted the residuals containing nebular gas emission line 
uxes outside of PPXF . First, we simultaneously fitted H α, [N II ]
oublet, and [S II ] doublets (H α-[N II ]–[S II ] complex) with one
aussian component for each line. The fit was performed such that

ll emission lines in this complex had the same velocities and line
idths. Their intensities were allowed to vary independently. The 
MNRAS 519, 3338–3356 (2023) 
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elative intensities of the two [N II ]6548,6584 lines were fixed to
atch the relative values of their Einstein transition coefficients.

f there was significant flux in the residual with one Gaussian
omponent, we fitted one or two more Gaussian components. The
elocities and velocity widths of each component were independent
f each other. The parameters of the fit were used to calculate the
ux es, v elocities and line widths of all emission line components.
he velocities and FWHM of the H α lines from the XSHOOTER
pectrum are shown in Table 1 . We repeated this procedure separately
or [O II ] doublets, H β–[O III ] complex, and [O I ] emission lines. 

The velocity structure of the H α gas is complex with several
elocity components in the central regions. The average H α velocity
f all components in each region of the slit varies from −110 km
 

−1 in region 1 to −250 km s −1 in region 10. The outer regions
regions 1, 2, and 3) of the filament have a narrow FWHM between
0 and 80 km s −1 , but require an additional broad component with an
WHM between ∼150–200 km s −1 . Regions 4, 5, 7, and 8 required

hree Gaussian components to account for all line emissions with
elocities between −364 and 123 km s −1 . The velocity FWHM of
hese components vary from 50 to 250 km s −1 (see Fig. A2 ). 

.5 Molecular gas morphology 

ussell et al. ( 2017 ) have discussed the molecular gas morphology
nd kinematics in detail. We briefly summarize the main results in
his and the following subsection. The majority of molecular gas in
bell 1795 is in filamentary structures to the N and S of the BCG.
he S filament extends out to ∼ 9 kpc from the BCG centre. It is

ainter than the N filament, containing 10 per cent of total molecular
ine emission, and is disconnected from the central lump of molecular
as. The N filament is clumpy and curved in an inverted ‘C’ shape and
ontains roughly 50 per cent of total molecular gas emission. Unlike
 filament, it is connected to the central gas reservoir. A comparison
ith 5 GHz radio contours from B ̂ ırzan et al. ( 2008 ) shows that the
 filament wraps around the outer edge of the N radio jet. It is fainter

t 2.4 kpc (2 arcsec) NW of the nuclear continuum source where the
adio jet bends by ∼90 ◦ as shown in the middle panel of Fig. 1 . The
 molecular gas filament appears nearly co-spatial with the southern
adio jet in projection in the sky plane. Molecular gas often forms
n the edge or around radio bubbles from gas that was pushed away
r lifted by the bubbles or jets (see e.g. Russell et al. 2019 ). It is
ossible that the molecular gas has formed around the radio jets, but
t appears co-spatial in projection. The central clump of molecular
as is slightly offset from the nuclear continuum source, with its
rightest emission being 0.96 kpc (0.8 arcsec) SE of the nucleus,
here the radio jet bends sharply by ∼90 ◦. 
There is a clear interaction between the molecular gas and the

adio jets. The molecular emission peaks are nearly co-spatial with
he bends in the radio jet. Either the central radio source is precessing
van Breugel, Heckman & Miley 1984b ) or the collision of the radio
ets with the dense ISM at surface brightness peaks in the molecular
as changes the path of the expanding radio lobes (van Breugel et al.
985b ; McNamara & O’Connell 1993 ; McNamara et al. 1996b ). 

.6 Velocity structure of the molecular gas 

he velocity structure of molecular gas is fairly smooth in Abell 1795.
he CO(2–1) emission in most of the regions can be well described
y a single Gaussian component. Ho we ver, a second component is
equired in two regions closer to the nucleus and in the N filament,
here the radio jet takes sharp turns. The southern molecular gas
lament has a smooth velocity gradient from −80 to −200 km s −1 
NRAS 519, 3338–3356 (2023) 
rom the outer to the inner region. The FWHM is narrow in most of
he filament at ∼40 km s −1 but increases to ∼100 km s −1 towards the
nner region. The N filament has a narrower velocity gradient from

100 to −370 km s −1 . The FWHM is fairly constant between 60
nd 100 km s −1 with no clear gradient. At the end of the N filament,
t increases up to 300 km s −1 . The central reservoir has velocities
etween −30 and 130 km s −1 and broader FWHM between ∼100
nd 250 km s −1 . The gas in the central region is dynamically distinct
rom the gas in the filaments. There is no indication of a rotating disk
f molecular gas in the centre. 
The second emission component located near the centre has

elocities of ∼60 km s −1 with narrow FWHM of ∼70 km s −1 .
he two velocity components are closer in velocity but their FWHM
iffer by ∼170 km s −1 . The second emission component in the N
lament is blueshifted by 50 km s −1 compared to the first component
ith similarly narrow FWHM of ∼70 km s −1 as the first component.

.7 Molecular gas mass 

he molecular gas mass is estimated using the relation from Bolatto,
olfire & Leroy ( 2013 ) as follows: 

M mol = 1 . 05 × 10 4 
(

X CO 

X CO , Gal 

)(
1 

1 + z 

)(
S CO 
v 

Jy km s −1 

)(
D L 

Mpc 

)2 

M �, (2) 

here S CO 
v is the integrated flux density of the CO(1–0) line,
 L is the luminosity distance, z is the redshift, X CO is the CO-

o-H 2 con version factor , and X CO, Gal = 2 × 10 20 cm 

−2 (K km
 

−1 ) −1 . The CO(1–0) flux density is estimated from CO(2–1) using
he integrated line flux ratio CO(2–1)/CO(1–0) ≈ 3.2 based on similar
atios observed in BCGs (Russell et al. 2016 ; Vantyghem et al. 2016 ,
017 , 2018 ). 
A major source of uncertainty in the mass estimate is the uncer-

ainty in the X CO factor. We assume the Galactic value for this factor
hich has an uncertainty of about 30 per cent (Solomon et al. 1987 ).
he true value of X CO depends on the metallicity, temperature and
ensity of molecular clouds (Bolatto et al. 2013 ). No direct estimates
f X CO are available for BCGs. However, the metallicities in the
tmospheres of BCGs are close to the solar value and the linewidths
f molecular gas clouds are similar to the molecular cloud linewidths
bserved in the Milky Way (Rose et al. 2019 ; Tremblay et al. 2016 ).
n RXCJ0821 BCG, the molecular gas was found to be optically thick
ndicating abundances close to the Galactic value (Vantyghem et al.
017 ). Therefore, we believe the Galactic X CO factor is appropriate
or this BCG as well. If the true conversion factor is similar to that
f ULIRGs, the molecular gas masses would be smaller by a factor
f up to 5. 
The total molecular gas mass in the BCG is (3.2 ± 0.2) × 10 9 M �,

onsistent with the results of Russell et al. ( 2017 ). Nearly, 50 per cent
f molecular gas mass is in the N filament with a mass of (1.5 ± 0.2) ×
0 9 M �. The S filament has a molecular gas mass of (3.8 ± 0.4) ×
0 8 M �. 

 C O M PA R I N G  C O  A N D  H  α EMISSIONS  

ig. 4 of Oli v ares et al. ( 2019 ) shows maps of the line-of-sight
elocity difference, ratio of flux densities and the ratio of the velocity
WHM between molecular and H α gas. They showed that the
ux ratio does not show strong spatial variation in the filaments,

ndicating that the two phases are strongly coupled. In the central
egions, H α is 2–4 times brighter compared to the filaments perhaps
ecause of additional ionizing radiation from the AGN, young stars,
nd interaction with the radio lobes. The ionized gas appears to be
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Table 1. The velocities and velocity FWHM of the H α emitting gas were measured by fitting multiple Gaussian 
components to their emission profiles in different regions extracted from the X-SHOOTER spectrum. The components 
are sorted according to their narrow to broad FWHM. 

Region Velocity (km s −1 ) FWHM (km s −1 ) 
Comp 1 Comp 2 Comp 3 Comp 1 Comp 2 Comp 3 

1 −96.66 ± 0.25 −126.26 ± 2.50 – 84.61 ± 6.39 225.70 ± 6.39 –
2 −89.08 ± 0.85 −130.13 ± 1.14 – 70.62 ± 1.59 163.71 ± 1.59 –
3 −185.83 ± 0.61 −114.92 ± 1.57 – 57.19 ± 1.89 172.03 ± 1.89 –
4 −42.82 ± 1.02 −191.76 ± 2.61 123.88 ± 2.08 110.08 ± 2.67 149.01 ± 5.62 192.33 ± 4.53 
5 −28.76 ± 1.03 109.14 ± 1.75 −154.72 ± 9.67 102.37 ± 3.00 185.91 ± 3.16 294.02 ± 14.92 
6 −12.66 ± 1.53 1.23 ± 1.33 – 169.66 ± 6.45 430.48 ± 6.45 –
7 −31.07 ± 1.91 −364.60 ± 2.96 59.89 ± 1.70 129.58 ± 5.83 162.59 ± 7.58 482.85 ± 3.03 
8 −31.53 ± 2.71 −258.54 ± 4.60 136.16 ± 8.76 153.42 ± 8.96 303.08 ± 7.74 397.57 ± 12.94 
9 −271.38 ± 1.16 −127.74 ± 6.91 – 148.38 ± 9.26 576.07 ± 9.26 –
10 −267.79 ± 0.47 −246.88 ± 2.83 – 140.42 ± 1.72 425.56 ± 1.72 –

Figure 5. A comparison of the H α, molecular gas, and stellar velocities (left-hand panel), and FWHM (right-hand panel) in regions along the XSHOOTER slit. 
Stellar velocities estimated using PPXF are plotted. The physical distances of regions from the nuclear radio source are shown on the top x-axis, where ne gativ e 
distances indicate regions to the south of the nucleus (see Fig. 1 ). The molecular gas is comoving with the H α gas in the outer regions of filaments. The gases 
appear dynamically disconnected in central region. 
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omoving with the molecular gas in most of the galaxy as indicated
y a fairly constant velocity gradient. The molecular and ionized 
ases are very likely directly physically related where most of the 
onized gas is the outer region of molecular gas clouds. Therefore, 
hey are expected to have the same velocity structure. The FWHM of
he H α gas is 2–4 times higher than the FWHM of the molecular gas.
imilar trends are also observed in the ionized and molecular gas in
ther BCGs (Tremblay et al. 2018 ; Oli v ares et al. 2019 ). The H α gas
s more extended than the molecular gas. Therefore, the line of sight
rosses more H α gas than molecular gas, perhaps with different 
ayers of gases at different speeds, resulting in a broad FWHM. 

We compared the velocity and FWHM of the H α gas to that of
he molecular gas within regions used in the XSHOOTER slit. We 
xtracted the molecular gas spectrum and fitted it with one or more
aussian components similar to the process described in Section 3.4 . 

n this way, we can see the effect of a line of sight on the velocities.
ig. 5 shows the relationship between velocities and FWHM of the 

wo gas phases along the XSHOOTER slit. The velocities of narrow 

omponents of H α gas are comparable to velocities of the cold 
olecular gas in the outer regions of both the N and the S filaments

regions 1–3 and 10). In central regions, the coupling between the 
wo phases is more complex. The FWHM of H α gas is more than
0 times the FWHM of molecular gas for the broad component. The
nteraction between the radio jet and the ISM is strongest in central
e gions. Central re gions also o v erlap with dust (see the left-hand
anel of Fig. 6 ). If the ionized and molecular gases are mixed with
ust, individual layers of ionized gas along the line of sight moving at
ifferent velocities will suffer different levels of extinction depending 
n the location of the dust. It will affect the shape of the emission
ines resulting in velocities appearing shifted compared to true their 
elocities. In the rest of the filament, at least one component of
he H α gas appears coupled to the molecular gas. Thus, multiple
aussian components could be tracing the gas at different locations 

long the line of sight moving at different speeds. 

 STAR  F O R M AT I O N  

he bright UV emission seen in HST images hints at recent or
ngoing star formation in Abell 1795 (McNamara et al. 1996a ). The
V emission pre-dominantly appears around radio lobes in filaments 

nd the central region with several bright knots of UV emission. It is
o-spatial with the molecular gas in the centre and in the N filament of
MNRAS 519, 3338–3356 (2023) 
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M

Figure 6. The left -hand panel shows an RGB image with smoothed model subtracted HST F702W and HST F555W images in red and green, respectively, and 
HST F150LP image in blue. The middle panel shows the HST F150LP image o v erlaid with CO(2–1) line emission contours in black and VLA X-band radio 
contours in purple. The offset between the molecular gas and star-forming filament discussed in Section 5.4 is shown between dashed black lines. The right -hand 
panel shows the relationship between � SFR and � H 2 in ALMA beam-sized regions for different areas across the galaxy. The black line shows the global average 
Kennicutt–Schmidt relation and gre y-shaded re gion shows the ±0.3 dex dispersion of normal galaxies from average relation. Dashed grey lines show different 
molecular gas depletion time-scales. 
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he galaxy. Ho we ver, it is of fset from the molecular gas filament to the
 of the galaxy. The southern molecular gas filament is broken from

he central gas clump, ho we ver, the southern UV filament appears
ontinuous (see Fig. 6 , the middle panel). A similar trend is observed
n the central reservoir where bright knots of star formation seen
n the UV image is offset from the bright molecular gas emission
egions. 

Several studies have estimated the total star formation rate in
1795 between less than 1–20 M � yr −1 (McNamara & O’Connell
989 ; Smith et al. 1997 ; Crawford et al. 2005 ; Hicks & Mushotzky
005 ; McDonald et al. 2010 ; Donahue et al. 2011 ) using various
echniques and data at different wavelength ranges. Most star
ormation rate estimates using UV imaging lie between 5 and 20 M �
r −1 depending on the assumed star formation history and the initial
ass function (IMF). For our analysis, we estimated the UV star

ormation rate using an HST UV images obtained from the Hubble
e gac y archiv e as described in Section 2.4 . 

We measured the flux of the entire UV emission region in the HST
150LP image. We used Starburst99 6 code (Leitherer et al. 1999 ) to
enerate model spectra of young stellar populations assuming solar
etallicity ( Z ∼ 0.02) and GENEVA 2000 tracks. We used both

ontinuous star formation and single burst star formation histories
ssuming the Salpeter IMFs with slopes of 1.3, 2.3, and 3.3. We
sed the models with an age of 10 7 yr, which is consistent with the
ound speed rise time of inner radio bubbles of ∼7 Myr (McNamara
t al. 1996a ), as well as the age of the young stellar population of
.5 + 2 . 5 

−2 . 0 Myr in the S filament estimated using f ar-UV spectroscop y
McDonald et al. 2014 ). We applied foreground extinction to model
pectra assuming a colour excess of E ( B − V ) of 0.0116 based on
ust maps of Schlafly & Finkbeiner ( 2011 ). We also applied intrinsic
xtinction calculated from the ratio of H α and H β emission line
ux es inte grated o v er the area co v ering the star-forming filaments
nd scaled using methods described in Section 6.1 . We estimated
v erage intrinsic e xtinction A V ∼0.6 in the galaxy using Cardelli
t al. ( 1989 ) extinction curve. The extincted models were convolved
ith the HST F150LP filter to establish a relationship between star
NRAS 519, 3338–3356 (2023) 
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s  

e  

t  
ormation rate and UV flux. The total SFR in 7 kpc radius aperture is
.3 ± 0.4 and 21.3 ± 3.1 M � yr −1 for continuous and instantaneous
tar formation histories, respectively, for IMF slope of 2.3. An IMF
lope of 1.3 yields lower SFRs of 1.5 ± 0.1 and 8.1 ± 1.2 M � yr −1 ,
espectively, for the two star formation histories. Assuming a top-
eavy IMF with a slope of 3.3 yields unrealistically high SFRs of
81 and 758 M � yr −1 . Therefore, the IMF slope in A1795 is most
ikely bottom-heavy with a slope between 1.3 and 2.3. 

.1 Radio lobe–ISM interaction 

lmost all star formation knots appear on the outer regions of radio
obes providing strong evidence for star formation triggered by radio
obes (McNamara et al. 1996b ). Similar spatial association between
adio lobes and star formation is observed in several radio galaxies
see e.g. Duggal et al. 2021 ). Radio lobes can potentially compress
nd pressurize the gas in the interaction region and send shocks
ausing gravitational collapse (Gaibler et al. 2012 ). We calculated the
ressure in the region of interaction between the radio lobes and the
CM following methods described in section 4.2 of Lacy et al. ( 2017 ,
ereafter L17). They used VLA 1.5 GHz data to estimate the pressure
orresponding to the minimum energy density required to produce
he observed synchrotron emission in the interaction region. We used
he VLA L- band image of A1795 at 1.5 GHz to calculate the mean
urface brightness (0.03 Jy beam 

−1 ) in the region and the radio beam
ize (1.2 arcsec × 1.1 arcsec), while keeping all other parameters
he same as in L17. We estimated the pressure in the interaction
egion to be (3 + 1 . 5 

−0 . 6 ) × 10 −10 dyn cm 

−2 , using equations 3 and 4 in
17 for path length through source of 4 kpc. The errors indicate the

ange of pressures for path lengths between 2 and 6 kpc. The thermal
ressure of the ICM calculated from X-ray observations at 5 kpc
s ∼4.5 × 10 −10 dyn cm 

−2 . It is comparable to the pressure in the
nteraction region suggesting that the region of interaction between
adio lobes and the ICM is not o v erpressured and that radio lobes
an only produce weak shocks. The minimum pressure required to
upport the molecular gas in Abell 1795 is ∼10 −8 dyn cm 

−2 (Russell
t al. 2017 ). It is larger by at least an order of magnitude, suggesting
hat the structure of gas is supported by magnetic fields. Thus, radio
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ets can create low-velocity shocks in the gas in the interaction region, 
hat could couple more ef fecti vely to the ISM than strong shocks
Appleton et al. 2013 ). 

.2 The role of dust 

ust also plays a key role in cooling the gas and facilitating
tar formation. The left-hand panel of Fig. 6 shows a strong dust
ane in the galaxy along with star-forming locations. The dust is
raped around the N radio lobe, co-spatial with the molecular gas 
n projection, perhaps entrained by the radio lobe. Typically, dust 
nd molecular gas would get destroyed due to shocks, ram pressure,
nd the hot atmosphere of the ICM on a time-scale shorter than
he dynamical time-scale of the outflow (Scannapieco & Br ̈uggen 
015 ; Vogelsberger et al. 2019 ). Ho we ver, their presence suggests
hat they are shielded, perhaps by magnetic fields (see e.g. McCourt
t al. 2015 ). Donahue et al. ( 2011 ) detected Polycyclic Aromatic
ydrocarbons (PAHs) that are the smallest dust grains and molecular 
ydrogen lines at ∼8–13 μm in the rest frame using Spitzer mid-IR
pectrum, and also concluded that the dust is shielded from the 
CM and X-ray radiation. Ho we ver, dust can also grow quickly to
etectable levels from cooling of warm ( < 10 7 K) gas drawn up by
adio jets (Qiu et al. 2020 ). Edge et al. ( 2002 ) detected warm H 2 and
e II 1.6 μm lines in their IR spectrum of the BCG. They used a

arger 1.22 arcsec wide slit centred on the BCG nucleus where there
s a significant amount of dust. We did not detect H 2 or Fe II emission
ines in the NIR XSHOOTER spectrum of the S filament at a level of
 × 10 −16 erg s −1 cm 

−2 Å−1 . There is no visible level of dust in the
outhern filament in HST images. Dust could be hidden behind the 
tars, therefore not being visible. Nevertheless, the presence of dust 
n the centre and the N filament could have enhanced the cooling of
olecular gas and star formation in those regions. 

.3 Star formation efficiency 

e compared the star formation surface brightness with molecular 
as surface brightness to study the efficiency of star formation. 
irst we aligned the HST F555W and HST 702W images with the
ST 150LP image such that the bright star-forming knots at the far

nd of the N filament visible in the UV and optical images are aligned.
e then determined the offset between the central bright point source 

een in the optical images which does not have a UV counterpart,
ith the location of the ALMA nuclear continuum source assuming 

hey are both originating from the AGN. The offset determined 
lso aligned the molecular gas and dust lanes very well. Then, we
onvolved the HST image to a Gaussian kernel whose FWHM and 
osition angle were the same as that of the synthesized beam in the
LMA image. We then re-sampled the HST image on to ALMA’s
ixel grid using the reproject package in PYTHON . The CO(2–1)
nd UV fluxes were calculated in ALMA beam-sized regions. The 
O(2–1) flux was converted to molecular gas mass as explained in 
ection 3.7 and SFRs were estimated from UV fluxes as explained 

n Section 5 assuming continuous SFH and an IMF slope of 2.3. 
The right-hand panel of Fig. 6 shows the relationship between 

tar formation rate surface density � SFR and molecular gas surface 
ensity � H 2 in different parts of the galaxy estimated by dividing 
he SFR and molecular gas mass by beam area in appropriate units,
espectively. Most of the regions follow the the Kennicutt–Schmidt 
KS) relation (Kennicutt 1998 ) shown as a black line. The KS relation
s a well characterized relationship between � SFR and � H 2 in nearby 
alaxies given by � SFR ∝ � 

1 . 4 
HI + H 2 

. We estimated average molecular 
as depletion times due to star formation ( τdepl , SFR = M H / SFR )
2 
f 1 Gyr assuming star formation continues at 9.3 M � yr −1 . The
depl, SFR in the S filament and the central clump is ∼ 0.8 and 0.9 Gyr,
espectively. It is twice as long in the N filament at 1.7 Gyr. These
esults indicate a lower star formation efficiency than circumnuclear 
tarbursts in nearby galaxies with similar gas densities. 

A few regions in the N filament lie below the KS relation. They
re located directly along the radio jet path where the radio jet bends
round the brightest molecular gas emission in the N filament. In
hese regions the depletion time approaches 5 Gyr indicating a much
ower star formation efficiency. It is consistent with lo w ef ficiency of
et-induced star formation observed in other galaxies (see e.g. Salom ́e
t al. 2016 ; Zovaro et al. 2019 ). Alternatively, either the molecular
as mass is o v erestimated or the star formation is underestimated.
he molecular gas mass can be o v erestimated if the value of the X CO 

onversion factor is lower than its Galactic value. The X CO factor
epends primarily on the density , metallicity , and temperature of
he molecular gas. In highly star-forming regions, the X CO is up to
 factor of 5 its Galactic value due to high gas temperature and
elocity dispersion (Bolatto et al. 2013 ). These re gions hav e high
olecular gas FWHM, suggesting that molecular gas masses could 

ave been overestimated. On the other hand, star formation can be
nderestimated if the underlying IMF is top-heavy. Further detailed 
tudies are required to draw a firm conclusion. 

The star formation depletion time-scales are much longer than the 
ge of the stellar population and the radio lobes. Ho we ver, most of
he molecular gas in Abell 1795 is flowing at a rate of ∼ 54 M � yr −1 

Tamhane et al. 2022 ). If the gas is inflowing, it can fuel a starburst
n the centre, although it is unlikely that the molecular gas filaments
re gas inflows (Russell et al. 2017 ). If the gas is being driven out of
he galaxy, the molecular gas in the galaxy will be depleted within

6 × 10 7 yr, which is much shorter than τ depl, SFR . Thus, although
adio jet–ISM interaction may have triggered star formation, this 
orm of star formation has lo wer ef ficiency and may be quenched
ventually by the negative feedback of radio jets. 

.4 The offset between star formation and molecular gas 

he region of disconnection between the S molecular gas filament 
nd the central clump mentioned in Section 3.5 and shown in the
iddle panel of Fig. 6 is coincident with bright H α and UV emission.

t shows an offset between star formation and molecular gas. Overall,
he southern molecular gas filament is offset from the star-forming 
lament by ∼0.4 kpc in the perpendicular direction if the molecular
as filament were to extend to the centre and ∼1 kpc in the direction
f the filament. Similar offsets between star formation and cold gas
ave also been found in NGC1275 and simulations of AGN feedback
Canning et al. 2014 ; Li et al. 2015 ). We discuss two possibilities
hen this can happen. 
First, the ram pressure of the expanding radio lobes has most

ikely triggered star formation in Abell 1795. The star formation 
ay have consumed the molecular gas in the inner region of the S
lament and its NE e xtension. Superno va feedback from young stars
an also destroy the molecular gas around them. Assuming that the
ntire region of the star-forming filament had a similar molecular gas
urface density as that observed in the S molecular gas filament when
tar formation began, the required star formation rate to consume the
olecular gas in the inner parts of the S filament in ∼10 7 yr is 70 M �

r −1 . It is 5–7 times larger than observed star formation rates. At the
bserved SFR, it would take ∼10 9 yr to consume the molecular gas
n that region, which is about two orders of magnitude longer than
he age of radio lobes and an order of magnitude longer than the ages
MNRAS 519, 3338–3356 (2023) 
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Figure 7. A map of extinction in the visual band ( A V ) calculated as explained 
in Section 6.1 . Radio contours in the VLA X -band are o v erlaid in blue. 
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f inner X-ray cavities (Kok otanek ov et al. 2018 ). Even if we assume
hat the star formation proceeded at a higher rate than observed, it is
ot clear why gas in other parts of the S filament has not yet been
onsumed. If we assume that the ram pressure due to radio lobes is
ot strong enough in the outer part of the molecular gas filament to
rigger star formation, it still does not explain the observed level of
olecular gas in the N filament. 
Alternatively, the stars formed in the molecular gas filament have

ecoupled from the flow and are moving in the gravitational potential
f the galaxy without significant resistance, whereas the molecular
as is acted upon by the ram pressure from the radio lobes and the
CM. It is similar to gas stripping in jellyfish galaxies, where the
am pressure of the ICM strips the gas from infalling galaxies while
he stars in the galaxy are unaffected (see e.g. Fumagalli et al. 2014 ;
un et al. 2021 ). If the S filament is an inflow, stars w ould al w ays

ead the gas, as the gas would slow down due to the ram pressure
f the ICM and radio jet. It can also explain the extension of the
V emission to the NE of the BCG nucleus, where the stars falling
allistically would o v ershoot the nucleus and are mo ving in that
egion. In this scenario, the stars are leading the gas by ∼1 kpc. For
 ∼7 Myr old stellar population to have 1 kpc separation from the
olecular gas, it would need to have an initial velocity of ∼400 km

 

−1 in the rest frame of the BCG, following arguments presented in
ection 4 of Li, Ruszkowski & Tremblay ( 2018 ). It is higher than
he stellar velocity dispersion in the BCG of 297 km s −1 but close
o the av erage v elocity of cluster galaxies of 368 km s −1 relative to
he BCG. A high-resolution far-UV spectrum of the inner filament,
here the contribution of old stars and nebular emission lines would
e minimal is required to obtain the velocities of young stars in the
lament. 

 EMISSION-LINE  R AT I O S  

s discussed in Section 3.3 , the products of PYPARADISE allowed us
o make maps of emission line fluxes. We use these maps to determine
he excitation state of the ionized gas, its density, and dust extinction
n the galaxy as discussed in the sections. We smoothed the MUSE
ata cube by a Gaussian kernel with FWHM of 1.3 arcsec, equal
o the seeing during the observations to reduce the pix el-to-pix el
oise and fit spectra extracted from each spaxel using PYPARADISE

s discussed in Section 3.3 . In the following analyses, pixels with
/N > 3 for respective nebular emission lines were used. 

.1 Extinction map 

bell 1795 hosts a very prominent dust filament in the N roughly
o-spatial with the molecular gas as shown in the left panel of Fig. 6 .
herefore, we expect significant dust extinction in the galaxy. We
stimated the amount of visual extinction ( A V ) by making a map of
he ratio of H α/H β Balmer decrement and scaled it to calculate
 ( B −V ) as follows (Dom ́ınguez et al. 2013 ): 

( B − V ) = 

2 . 5 

k( λH β) − k( λH α) 
log 10 

[
(H α/ H β) obs 

(H α/ H β) int 

]
, (3) 

here k ( λH β ) ≈ 3.7 and k ( λH α) ≈ 2.63 are extinction curves
 v aluated at H β and H α wav elengths, respectiv ely, giv en by Cardelli
t al. ( 1989 ) and we assume (H α/H β) int ≈ 2.86 for an electron
emperature of T = 10 4 K and electron density of n e = 10 2 cm 

−3 for
ase B recombination. A V is then simply calculated as R V × E ( B −
 ), where R V = 3.1. 
In Fig. 7 , we show the map of A V in the BCG. As expected, there

s a significant amount of extinction in the centre and the N filament
NRAS 519, 3338–3356 (2023) 
ith A V exceeding 1 mag. The S filament has much lower extinction,
ndicating a low amount of dust compared to the N filament. It is
onsistent with the absence of a visible level of dust in the optical
mage of the S filament (see the left-hand panel of Fig. 6 ), as well as
he non-detection of dust emission features in the NIR XSHOOTER
pectrum of the S filament. Again we note that if the warm ionized
as is on the near side of dust along the line of sight, it will not
uffer from as much extinction as it would if dust and ionized gas are
ixed or if the ionized gas is on the far side of dust in the S filament.
he average extinction calculated by taking the mean of pixels in the

e gion co v ering both filaments is 0.6. Interestingly, the dust in the
entre is predominantly to the NE of the nucleus, roughly co-incident
ith the region that could be experiencing a shock, assuming the

xtinction map traces dust in the galaxy. Also, the north radio lobe
ppears to bend around the north blob of dust. It is also the location
f the brightest CO emission indicating a large amount of molecular
as. Therefore, it appears that the dust and gas have changed the
irection of the radio lobes. We use this extinction map to deredden
mission-line fluxes in the galaxy in a similar way as in the process
escribed in Section 5 . In the following sections, emission-line fluxes
n each spaxel are corrected by the level of extinction measured in
hat spaxel. It is not clear why the region of large A V is offset from
he centre and from the dust lane to the S and W of the central radio
ource seen in the left-hand panel of Fig. 6 , but coincident with the
rc of high FWHM. 

.2 Electron density 

he high-resolution spectra allow us to resolve the [S II ] doublets.
he relative intensities of [S II ] λ 6716 to [S II ] λ 6731 can be used

o estimate electron density ( n e ) in the gas, since the doublets are
ensitive to the effects of collisional de-excitation and insensitive
o variations in electron temperature, due to their similar excitation
nergies. Therefore, their excitation rate depends on the ratio of
he collision strengths and the ratio of line intensities depends only
n the density of the gas (Osterbrock 1989 ). We scaled the [S II ] λ
716/[S II ] λ 6731 ratios to get estimate n e following the procedure
iven in Proxauf, Öttl & Kimeswenger ( 2014 ), where we assumed
lectron temperature T e ∼ 10 4 K. This method is only sensitive for gas
ensities between 100 and 10 4 cm 

−3 . In Fig. 8 , we show the n e map
f the BCG. The electron densities in the filament are ∼100 cm 

−3 

art/stac3803_f7.eps
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Figure 8. The figures show an electron density map derived from [S II ] λ
6717/[S II ] λ 6732 as explained in Section 6.2 . Radio contours in the VLA 

X -band are o v erlaid in white. Pix els where densities are below 100 cm 

−2 are 
upper limits. The artefacts around the edges are artefacts due to smoothing 
the original data cube. 
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nd potentially lower, as for densities lower than 100 cm 

−3 , [S II ]
ine ratio becomes inef fecti ve and can only provide an upper limit.
n the centre, n e ∼ 100 cm 

−3 . It is consistent with previous studies
nd [S II ] line ratios found in other BCGs (Crawford et al. 1999 ;
amer et al. 2016 ). In the N filament and outer regions of the galaxy,
as density is potentially lower than 100 cm 

−3 indicated by dark 
lue regions. Ho we ver, we note that the [S II ] λ6731 line is close
o the atmospheric absorption band and may have been affected by 
tmospheric absorption resulting in higher line ratio and lower gas 
ensities. To the N-NE of the centre, on the outer edge of the central
adio source, the gas has higher electron densities of ∼400 cm 

−3 .
his feature is co-spatial with the high FWHM arc shown in Fig. 4 .
s discussed in Section 3.4 , it could either be a result of beam

mearing on two separate gas filaments moving at different speeds 
uperimposed on the sky in projection along the line of sight or it
ndicates a shock front. If it is a shock, the ratio of densities between
he post and pre-shocked gas is greater than 1. Weak shocks with
 post to pre-shock density ratio of up to 2 have been observed in
he ICM of galaxy clusters (Sanders & F abian 2006 ; F abian et al.
006 ). If we assume similar density ratio of 2 in the ISM and the
atio of specific heats γ of 5/3 for the gas yields a Mach number
f 1.7 using equations 10–20 of Spitzer ( 1978 ), indicating a weak
hock. Pressures in the region of interaction between the radio jets
nd the ISM also indicate weak shocks as discussed in Section 5.1 .
herefore, the arc of ele v ated densities and FWHM likely indicates
 shock front driven either by radio jets or the peculiar motion of the
CG. Ho we ver, alternati ve scenario of superposition of two filaments 
long the line of sight cannot be completely ruled out. Higher spatial
esolution observations are required to minimize the effect of beam 

mearing and for a better understanding of the feature. 

.3 Excitation state 

he [N II ] to H α ratio can probe the excitation state of the gas due to
ts sensitivity to AGN. Generally, star formation has a softer radiation 
eld than AGN. Thus, changes in the [N II ]/H α ratio in a galaxy

ndicate different gas excitation mechanisms in different parts of a 
alaxy. In Fig. 9 , we show the [N II ]/H α map of the BCG. In many
arts of the BCG surrounding the nucleus, the ratio is ∼0.85. At
4 kpc south of the nucleus, the ratio changes sharply from ∼0.85
o less than 0.7. The transition occurs at the tail end of the ‘V’-shaped
edshifted wings observed in H α velocity map shown in the left-hand
anel of Fig. 4 . The reason for sharp change in the excitation ratio is
ot entirely clear. The ratio is highest in the centre of the BCG and in
he region of possible shock. The trend of high [N II ]/H α ratio in the
entre compared to outskirts is also observed in other BCGs (Hamer
t al. 2016 ). It is expected as the gas in the central region is excited by
ore energetic sources perhaps by shocks or AGN photoionization. 

.4 Optical diagnostic diagrams 

he broad wav elength co v erage of the spectrum allows us to use
atios of various gas emission lines to try to determine gas excitation
echanisms. The most commonly used diagnostics line ratios are 

N II ] λ6583/H α, [O I ] λ6300/H α, [S II ] λ6716, 6731/H α, and
O III ] λ5007/H β, the so-called BPT diagnostic diagrams (Baldwin,
hillips & Terlevich 1981 ). They are generally used to approximately
ifferentiate between different excitation mechanisms. The strength 
f each nebular emission line in each spaxel of the data cube was
easured as described in Section 6 and S/N cut was applied. The ratio

f line fluxes was calculated in each pixel and was used to produce the
PT diagram of the BCG. Fig. 10 shows BPT diagnostic diagrams of

he BCG. Regions predominantly populated by star-forming, AGN 

nd composite galaxies from the Sloan Digital Sky Survey (SDSS) 
s identified by Kauffmann et al. ( 2003 ), Kewley et al. ( 2001 ), and
chawinski et al. ( 2007 ) are shown by grey solid, dashed, and dash–
otted lines, respectively. The points are coloured by the regions in
hich they sit. The right-hand panels show the distribution of points

n the BPT diagram on the sky. We note that the [S II ] λ6731 flux
ould have been underestimated leading to more regions represented 
s having star formation as a primary gas ionization mechanism. 
dditionally, we ignored spatial variation in extinction in emission- 

ine fluxes introducing additional scatter. 
The vast majority of points have a composite or low-ionization nu-

lear emission-line region (LINER)-like ionization sources involving 
N II ] and [O I ] lines as shown in the left panel of the first and the third
ow. The composite and LINER-like points are uniformly distributed 
hroughout the BCG with no variation, similar to the findings in Abell
597 (see Tremblay et al. 2018 , fig. 15). Ho we ver, the BPT diagram
nvolving the [S II ] (the second row in Fig. 10 ) line shows that the
MNRAS 519, 3338–3356 (2023) 
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Figure 10. The figure displays the emission-line diagnostic diagrams. The left-hand panel of the top, middle, and the bottom row shows the standard BPT 

diagnostic diagrams using the [O III ] λ5007/H β plotted against [N II ] λ6583/H α, [S II ] λλ6716,6731/H α, and [O I ] λ6300/H α line ratios, respectively. The 
right-hand panel in each row displays the location of spaxels on the galaxy colour coded by the well-known theoretical classification boundaries in BPT diagrams 
(K e wley et al. 2001 ; Kauffmann et al. 2003 ; Schawinski et al. 2007 ) shown as grey dashed and dotted lines in the left-hand panels. We also show in the top 
left-hand panel composite star formation + shock ionization models of McDonald et al. ( 2012 ) as orange curves with the contribution of slow shocks indicated 
next to the curves. Radio contours at 8 GHz are shown in white. Spaxels with S/N > 3 for all lines were included. 
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ajority of points have star formation as their primary source of
onization. The [N II ]/H α ratio also indicates extreme starburst-like 
onization according to K e wley et al. ( 2001 ) line. These results are
onsistent with the analysis presented in McDonald et al. ( 2012 ),
here [O III ]/H β ratios are lower and/or [N II ]/H α, [S II ]/H α, and

O I ]/H α ratios are higher compared to SDSS galaxies used to define
ifferent ionization re gions. Interestingly, the re gion positioned along 
he outer edge of the sharp bend in the S radio jet has LINER-like
onization with [S II ]/H α line as shown by green points in the middle
ight panel. Perhaps the gas in that region is predominantly ionized 
y shocks driven by the radio jet. Clearly, the classification in BPT
iagrams for different line ratios is not unambiguous. Ho we ver, the
resence of strong UV emission in the BCG clearly indicates recent 
tar formation. The situation is more complex than ionization by star
ormation. 

We also plotted the ‘slow shock + stellar photoionization’ 
odels of McDonald et al. ( 2012 ) as orange lines with a varying

ontribution of slow shocks in gas ionization. In the middle panel 
nvolving the [S II ] line, less than 20 per cent contribution comes
rom shocks in most of the galaxy except in the central region where
t is ∼30 per cent. The [N II ]/H α ratio is more sensitive to shock
onization (K e wley & Dopita 2002 ). The top panel involving the
N II ] line shows that the majority of points have 20–40 per cent
ontribution from shocks, consistent with results of McDonald et al. 
 2012 ), where they find less than 40 per cent contribution from shocks
n gas ionization. Other mechanisms such as conduction (Sparks 
t al. 2012 ), cosmic ray heating (Ferland et al. 2009 ; Fabian et al.
011 ; Johnstone et al. 2012 ), and thermal radiation from the cooling
ow (Polles et al. 2021 ) may also contribute at the same time with
 arying relati ve contributions depending on the location in the 
alaxy. 

 VSF  IN  A BELL  1 7 9 5  

t is clear that the radio lobes are interacting and influencing 
he motion of cold and ionized gases. The radio lobes can drive
urbulence in the ISM of the BCG that can produce local density
uctuations that may seed star formation (Krumholz & McKee 
005 ), while simultaneously supporting the gas against gravitational 
ollapse at larger scales (Klessen, Heitsch & Mac Low 2000 ). One
ommon way to study turbulence is through the VSF, which is a
tatistical tool to access the properties of velocity fluctuations. We 
omputed the first order VSF of the H α and molecular gas by first
asking pixels with velocity errors greater than 10 km s −1 . We only

onsidered 16 arcsec × 16 arcsec region centred on the BCG that 
o v ers all molecular gas filaments and inner H α gas filaments. The
elocity maps in Fig. A1 show the regions used to calculate the VSF
or H α and molecular gas. For each velocity map, we compute the
SF by calculating the absolute difference between the velocities 
f each unique pair of pixels as | δv | and the projected separation
etween those pixels ( l). We then sorted pixel pairs by l, binned the
ata with 10 4 pixel pairs per bin, and averaged the data in groups
f l. There is a small difference between the spatial resolutions of
he ALMA and MUSE data. For MUSE data spatial resolution refers
o the seeing of 1.36 arcsec. We smoothed the ALMA image to the
eeing of MUSE observations and computed the VSF to examine 
he effect of the resolution. We found that for low-resolution VSF, 
ower at all scales is suppressed marginally ( < 0.1 dex) meaning
hat the VSF curve lies systematically below the VSF for native 
esolution, while shape of the VSF does not change significantly. We 
se the VSF with the native resolution for both ALMA and MUSE 

ata. 
In the left-hand panel of Fig. 11 , we show the VSF for the
olecular gas. The total VSF for the molecular gas peaks and flattens

t a pair separation of ∼5 kpc, corresponding to | δv | ∼250 km s −1 .
he peak is most likely caused by the velocity difference between

he central clump and the outer edge of the N molecular gas filament,
eparated by a projected distance of ∼5.5 kpc. The VSF of the total
 α gas in the BCG flattens at ∼7 kpc scale corresponding to | δv |
120 km s −1 , as shown in the right-hand panel of Fig. 11 . The length

cale corresponding to the VSF peak may indicate the driving scale
f turbulence, which is comparable to the size of the radio lobes. For
eference, we show the turbulent velocity of the X-ray gas inferred
rom X-ray surface brightness fluctuations (Zhuravle v a et al. 2014 ),
nd turbulent velocity measured by Hitomi for the Perseus cluster 
Hitomi Collaboration 2016 ), respectively, indicated by red and green 
haded regions in the right-hand panel. The similarity of turbulent 
elocities of hot and cold phases suggests that radio-mechanical 
eedback can drive turbulence in cold filaments. 

The H α VSF has a slope of ∼1/2 until it peaks. At scales between
 and 3 kpc, the molecular gas has a slope of � 1/2, which is
haracteristic of supersonic turbulence (Federrath 2013 ) mixed with 
 smooth velocity gradient (Hu et al. 2022b ). Abo v e 3 kpc scales,
he VSF of individual molecular gas filaments becomes steeper with 
 slope of 1, indicating that the velocity gradient dominates at these
cales. Ho we ver, for the total molecular gas VSF, the steepening
tarts at ∼2 kpc with a slope exceeding 1. This is likely due to the N
lament intersecting the central gas clump. An e xtreme e xample of
uch steepening would be observed in an ordered motion similar 
o that in a circumnuclear disk with a radius of a few kpc and
elocity shifts of ∼±100 km s −1 . It can dramatically increase the
SF amplitude at small separations. 
The VSFs of the filaments have been examined in other BCGs

uch as Perseus, Abell 2597 and Virgo galaxy cluster (Li et al. 2020 ;
illel & Soker 2020 ). The observed VSF slope of 1/2, characteristic
f supersonic turbulence, indicates the turbulent motion of cold 
as driven by X-ray cavities or radio lobes. Ho we ver, analysis of
ndividual filaments in the Perseus cluster, accompanied by numerical 
imulations (Qiu et al. 2021 ; Hu et al. 2022b ) showed that velocity
radients characterized by a VSF slope of 1 may dominate at scales
arger than a few kiloparsecs, especially viewed from an angle close
o the flow direction. In the case of Abell 1795; therefore, the VSF
s likely dominated by the laminar motion of the filaments and is
imited by the observed size of the filaments. The large observed
laments are likely made of smaller unresolved filaments or sheets 
f molecular gas. Higher resolution observations probing smaller 
cales are required to probe the nature of turbulence in the molecular
hase. 
Although the power-law slope of the VSF is often attributed to

urb ulence, some studies ha ve suggested that it could also be a
esult of laminar gas flows and large eddies formed in the gas
eing uplifted behind bubbles blown by radio jets (Zhang et al.
022 ). Therefore, caution needs to be taken when interpreting the
SFs. In addition to laminar flows and orientation effects, the 
resence of magnetic fields can suppress turbulence and steepen 
he slope of the VSF (Bambic et al. 2018 ; Mohapatra et al. 2022 ).

ultiple indicators suggest that the cold gas filaments are magnetized 
s discussed in the paper. Therefore, magnetic fields may also 
ontribute to steepening of the VSF in Abell 1795. Nevertheless, 
he H α gas VSF slopes, flattening scale and turbulent velocities 
oint to supersonic turbulence mixed with velocity gradients and 
rientation effects. Large statistical studies of VSF of many systems 
ampled by different lines of sight may be able to provide a better
nderstanding of the VSF. If we assume that the VSF is characterised
MNRAS 519, 3338–3356 (2023) 
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M

Figure 11. The figure shows the VSF of the cold molecular gas (left-hand panel) and warm ionized gas (right-hand panel) traced by ALMA CO(2–1) and 
MUSE H α observ ations, respecti vely. The thickness of the lines indicates the errors in each bin. To guide the eye, we show the solid black line with a slope 
of 1/3 for Kolmogorov turbulence, a dashed red line with a steeper slope of 1/2 for supersonic turbulence, and a grey dash–dotted line representing a linear 
relationship between the velocity scale and the spatial scale � . Spatial scales smaller than the spatial resolution of MUSE and ALMA are shown by shaded blue 
and green vertical regions, respectively. Different regions used in calculating the VSF are shown in Fig. A1 . 
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y supersonic turbulence and the turbulence energy cascades down
rom large scales to the scales of giant molecular clouds (GMCs)
riggering star formation, the resulting star formation efficiency is
xpected to follow the KS-relation (Krumholz & McKee 2005 ).
he star formation in A1795 follows the KS relation as shown

n 5.3 . Ho we ver, simulations suggest that the star formation can
lso generate supersonic turbulence in GMCs on sub-pc scales and
uppress its efficiency over time (Hu et al. 2022a ). We are unable to
robe the turbulence at the scales of GMCs. We tentatively find
hat on a timescale of a few million years, radio jets can drive
upersonic turbulence which can trigger star formation locally with
 lo w-ef ficiency. 

 C O N C L U S I O N S  

e studied the interaction between radio jets and the ISM and the
ature of radio jet triggered star formation in Abell 1795 by combing
LT XSHOOTER, MUSE, ALMA, and HST data. We determined

he star formation rate using the UV HST images of the BCG and star
ormation efficiency by combining it with the ALMA molecular gas
ata. Using the nebular gas emission line ratios derived from MUSE
FU data, we were able to determine the level of extinction, electron
ensity, e xcitation lev el and ionization mechanism in the BCG. We
lso detected a shock-like feature ∼2 kpc N-NE of the nucleus. The
esults are summarized below: 

(1) We measured extinction corrected ongoing UV star formation
ate of 9.3 M � yr −1 in the BCG. The star formation rate has a
o w ef ficienc y with an av erage depletion time of ∼1 Gyr. Ho we ver,
he efficiency of star formation is location dependant and it is even
ower in the region of interaction between radio jets and the gas.
he offset between star formation and the molecular gas in the S
lament suggests that the stars have decoupled from the molecular
NRAS 519, 3338–3356 (2023) 
as and are moving in the gravitational potential of the BCG, while
he gas motion is being continually affected by the radio jets and the
urrounding medium. 

(2) The ionized gas traced by the H α emission line is more
xtended than the molecular gas. The BCG has a total H α luminosity
f (4.180 ± 0.002) × 10 41 erg s −1 , corresponding to ionized gas
ass of (1.640 ± 0.001) × 10 7 M �. The velocity map of H α

eveals a ‘V’-shaped wing of redshifted gas wrapped around the
outhern radio lobe with velocities of ∼100 km s −1 . In other parts of
he BCG, the ionized gas is blueshifted to velocities lying between

100 to −370 km s −1 , similar to the velocities of molecular gas,
uggesting that the two gas phases are co-moving. The FWHM map
eveals an arc of high FWHM with values reaching ∼700 km s −1 to
he N-NE of the nucleus. Other areas of the BCG have FWHM of

250 km s −1 , roughly 2–3 times the FWHM of the molecular gas. 
(3) We measured an average extinction of 0.6 in the star-forming

laments in the BCG using H Balmer decrement. The electron
ensity in the ISM traced by [S II ] line ratios in the BCG is ∼100 cm 

−3 

r lower. Electron densities in the region cospatial with the high
WHM arc are 4 times higher compared to surrounding regions

hat could indicate a weak shock perhaps driven by radio jets or
he peculiar motion of the BCG. The standard nebular emission line
iagnostic diagrams classifications are ambiguous; ho we v er, the y are
epresented by models of gas ionization with star formation and a
mall contribution from slow shocks. 

(4) We also computed the VSF of the molecular and ionized gases.
he molecular gas VSF is dominated by the size of the filaments
nd laminar motion with slopes of ∼1. The H α VSF slopes of
 1/2, turbulent velocities of ∼120 km s −1 and flattening scale of
7 kpc similar to the size of radio lobes tentatively indicate that

adio-mechanical feedback can drive supersonic turbulence in the
onized gas. 
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(5) The XSHOOTER spectrum of the south star-forming filament 
s dominated by strong nebular emission lines and older stars in the
alaxy making it unfeasible to determine the velocity of young stars.
e did not detect NIR H 2 emission lines tracing warm molecular gas

t a level of ∼1 × 10 −16 erg s −1 cm 

−2 Å−1 in the NIR XSHOOTER
pectrum of the S filament. 

We presented a detailed analysis of extended radio jet triggered 
tar formation. Abell 1795 presents an excellent example of both 
ositive and negative radio-mechanical feedback, where the radio 
ets are heating the hot atmosphere of the BCG and driving gas
ows while triggering star formation in the outflowing gas. Although 
etermining the velocities of young stellar populations in the star- 
orming filaments is unfeasible in this case, the stars formed in 
utflowing gas are expected to have radial orbits and they could 
opulate outer regions of galaxies (Ishibashi & Fabian 2012 ). Positive 
eedback is expected to be more common at high redshift when 
as densities were higher and AGN feedback was dominant. Some 
odels predict that star formation triggered by positive feedback 

ontributes substantially to star formation rates in distant galaxies 
Silk 2013 ) and it may be necessary to explain the M BH −σ relation
bserved in galaxies (Silk & Nusser 2010 ). This object represents an
 xcellent e xample of star formation at the interface of radio jet/gas
nteraction and is helpful in understanding the positive feedback of 
he radio jets in galaxies in the distant Universe. 
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Figure A2. H α–[N II ] complex emission-line fits to the regions along the slits as described in Section 3.3 . The red curve is the summed emission-line profile 
and the blue curves show individual Gaussian components required for the fit. The residuals are shown in the bottom panel of each fit. 
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