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ABSTRACT

Context. We present the study of a magnitude limited samplg ( 16.6 mag) of 13 late type galaxies (LTGs), observed inside the
virial radius,R;; # 0.7 Mpc, of the Fornax cluster within the Fornax Deep Survey (FD8& deep multi-band images ¢, g, r, i
bands) allow us to investigate the composition and structure of the discs in these galaxies.

Aims. The main objective is to use surface brightness probleg&nidcolour maps to obtain information on the internal structure of

School of Physics and Astronomy, Sun Yat-sen University Zhuhai Campus, 2 Daxue Road, Tangjia, Zhuhai, Guangdong 519082,

these galaxies and bnd signatures of the mechanisms (e.g. strangulation, ram-pressure stripping, galaxy-galaxy harassment) that drive

their evolution in high-density environment, which is inside the virial radius of the cluster.
Methods. By modelling galaxy isophotes, we extract the azimuthally averaged surface brightness probles in four optical bands. We
also deriveg $ i colour proPles, and relevant structural parameters like total magnitude! entive radius. For 10 of the galaxies in

this sample, we observe a clear discontinuity in their typical exponential surface brightness probles, derive their Obreak radiusO, and

classify their disc-breaks into Type Il (down-bending) or Type Il (up-bending).

Results. We bnd that Type-Il galaxies have bluer averaged $ i) colour in their outer discs while Type-IIl galaxies are redder.
The break radius increases with stellar mass and molecular gas mass while decreases with molecular gas-fractions. The inner
and outer scale-lengths increase monotonically with absolute magnitude, as found in other works. For galaxies with CO(1-0)
measurements, there is no detected cold gas beyond the break radius (within the uncertainties). In the context of morphological
segregation of LTGs in clusters, we also Pnd that, in Fornax, galaxies with morphological type<5T" 9 (#60 % of the sample)
are located beyond the high-density, ETG-dominated regions. We do not Pnd any correlation of averagg¥ i) colours with
cluster-centric distance, but we bnd a positive trend of averagey@ i) colours with absolute magnitude,M; (colour-magnitude
relation).

Conclusions. The main results of this work suggest that the evolutionary path taken by LTGs inside the virial radius of the
Fornax cluster not only depends on the density of the environment they are located in but also on their initial mass and
structure while falling into the cluster. Their disc breaks seem to have arisen through a variety of mechanisms (e.g. ram-
pressure stripping, tidal disruption), which is evident in their outer-disc colours and the absence of molecular gas beyond
their break radius in some cases. This can result in a variety of stellar populations inside and outside the break radii

Key words. Galaxies: clusters: individual: Fornax B Galaxies: irregular B Galaxies: spiral B Galaxies: structure b Galaxies:
evolution b Galaxies: photometry

1. Introduction tion of grand design structures e.g. spiral arms (Lin & Shu 1964).

Spiral galaxies and irregular galaxies, which fall under the |
type ga[ame_s (here.afte_r, LTGs) morphology class_lbcanon, hadﬂ? use)gaseous discs are knowto be sensitive to thel ect of
been primarily studied in the past, mostly concerning the forma-
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hese galaxies are rich in atomic and molecular gas and because
Fthat, they are actively forming stars. Their stellar and (cold and
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the environment and their evolution (star formation history) is Truncations should not be confused with disc breaks. Orig-
slower (Boselli & Gavazzi 2006) than that of early type galaxigeally, the former was found to occur in edge-on galaxies at
(lenticular and elliptical galaxies; hereafter ETGs). This makds2t0.5 scale-lengths (van der Kruit & Searle 1981a,b), while
them interesting probes of a cluster environment (e.g. Blantorti8e latter occurs around 28.6 scale-lengths (Pohlen & Tru-
Moustakas 2009; Hwang et al. 2010). jillo 2006). Kregel & van der Kruit (2004) found that the surface
Studying the eect of the environment (e.g. beld vs clusterrightness at the estimated truncation radius wastZb&mag
where LTGs are located, is vital for unravelling the formation afrcseé (r-band). On the other hand, disc breaks were found in
their unique substructures (e.g. Boselli & Gavazzi 2006). Morthe surface brightness range 23-25 negseé (Pohlen & Tru-
over, LTGs are ideal systems to study stellar population gragito 2006). In some cases, disc breaks and truncations can co-
ents (bulge and disc, inner and outer regions) which may haadst, but the mechanisms causing them ateedint (Mart'n-
come about as a consequence of external processes (e.g. Bélla&arro et al. 2012). Depending on the shape of the surface-
de Jong 2000; Gadotti & Dos Anjos 2001). The relative abubrightness probles, disc breaks are classibed into (i) Type I-no
dance of galaxies with respect to their morphological types ha®ak (ii) Type II-downbending break (iii) Type lll-upbending
been shown to be related to the density of their local environmédmeak (see Erwin et al. 2005; Pohlen & Trujillo 2006; Erwin et al.
with a fraction of 80 % of LTGs in the beld, 60 % in clusters2008).
and# 0% in the core of rich clusters (Dressler 1980; Whitmore Di! erent mechanisms have been proposed to explain the ori-
1993). Their infall into a cluster environment makes their integin of disc breaks. Type Il disc breaks occur as a consequence of
stellar medium prone to hydrodynamic interactions with the hstar-formation threshold (Fall & Efstathiou 1980; Schaye 2004),
intracluster gas (e.g. Binney & Tremaine 1987), and their pethile Type Ill disc breaks have been associated to nmimajor
culiar morphologies have been the topic of interest, especiathergers (e.g. Younger et al. 2007; Bdrlat al. 2014). Further-
concerning their structure formation and star formation regulaore, disc breaks are located at closer radial distances to the cen-
tion through a series of intracluster processes like ram pressinesin face-on galaxies than in edge-on systems. Internal mecha-
stripping (Gunn & Gott 1972), star formation quenching (e.gisms owing to the formation of bars and rings in spiral galaxies
Abadi et al. 1999), or galaxy-galaxy harassment (e.g. Mootan also cause disc breaks (Mu—o0z-Mateos et al. 2013). As such,
et al. 1996). there has been research on disc breaks in galaxied efetfit
Studies have shown that the brst stage of evolution of LTGsorphologies (e.g. Pohlen & Trujillo 2006) as well as a function
as they enter a dense environment, is characterised by the forofdhe environment i.e. beld vs cluster (Pranger et al. 2017).
tion of a strong bar, and an open spiral pattern in the disc (Moore Clusters are suitable for the study of discs in LTGs as they
et al. 1998; Mastropietro et al. 2005). Further on, their spirallow to map the dynamical processes of the galaxies in a dense
arms and rings can be wiped out by tidal interactions, as shoamvironment. After Virgo, the Fornax cluster is the nearest and
by galaxy formation and evolution simulations (Mastropietreecond most massive galaxy concentration within 20 Mpc, with a
et al. 2005). Recently, though, numerical simulations (Hwamial mass of M= 9 %10*3Mg, (Drinkwater et al. 2001). Fornax
et al. 2018) have shown that interactions with other galaxies, esdynamically more evolved than Virgo, as most of its bright
pecially ETGs, in high-density cluster regions can also cause(@ms < 15 mag) cluster members (Ferguson 1989) are ETGs
LTG to lose its cold gas but still have more star formation actiwhich are mainly located in its core (Grillmair et al. 1994; Jordtn
ity during the collision phase (cold gas interacting with the het al. 2007). However, the mass assembly of the Fornax cluster
gas of the cluster). Thus, the location of a galaxy in the clusterstill ongoing (Scharf et al. 2005) and the intra-cluster light
is a primary parameter to correlate with formation of structuféCL) in its core indicates interactions between cluster mem-
in galaxies. One of the several methagsed is to investigate bers (lodice et al. 2017a; Pota et al. 2018; Spiniello et al. 2018).
this evolution through the detailed study of the surface brightdice et al. (2017a) found that this ICL is the counterpart in the
ness probles and their morphology classibcation based on théiuse light of the overdensity in the blue intra-cluster globu-
substructures (e.g., lopsided or warped disc, bars, peanut shdgedlusters (DOAbrusco et al. 2016; Cantiello et al. 2018) and
bulges, spiral arms). a fraction of the ICL population are low-mass dwarf galaxies
Particular insight can be gained from quantitative studies @fenhola et al. 2017). The observed number density drop of
the light distribution of stellar discs down to the faintest regionkgw surface-brightness (LSB) galaxies below a cluster-centric
exploring the formation of their substructures and evolutionadyjstance r= 0.6 deg (180 kpc) by Venhola et al. (2017) is a
paths (e.g. Courteau 1996; Trujillo et al. 2002). Light distribysroof of the é ect of the dense environment on the evolution of
tions of disc galaxies are characterised by an exponential declijadaxies. In the same regions, the high-velocity planetary nebu-
(de Vaucouleurs 1959). However, this so-called decline in eddae (PNe, Spiniello et al. 2018) and globular clusters (GCs, Pota
on spiral galaxies does not continue to its last measured poégttal. 2018) show that this ICL component is unbound to galax-
but rather truncates after a certain radial scale-length (van @, possibly after gravitational interactions, and is dynamically
Kruit 1979). The origin of these truncations can be explainadd. All of these Pndings indicate that Fornax is an evolved, yet
though several models suggesting that accretion of external raetive environment and a rich reservoir for the study of the evo-
terial in the discs of galaxies can produce extended discs whiation and the structure of the galaxies in a cluster environment,
can be interpreted as truncations (e.g. Larson 1976). de Jspgcibcally, inside the virial radius of the Fornax clustédre
(1996) predicted that there is substantial age gradients acraiss of this work is to study the structure of the LTGs in-
these discs, which are not observed yet. side the cluster and address the diverse evolutionary paths
Alternatively, a truncation orginates by quenching of star fothese systems can take after falling into a cluster. In partic-
mation activity due to the fall of gas density below a threshold faitar, by taking advantage of the deep Fornax Deep Survey
local instability e.g. interaction with other galaxies, tidaket of (FDS) data, we can map the light distribution down to un-
the environment, stochastic Buctuations due to internal dynapnecedented limits in the Fornax cluster. This allows us to
ics (Fall & Efstathiou 1980; Schaye 2004). This star-formatiahetect any asymmetries in the outskirts of the disks as well
threshold is also associated with disc breaks in light problesasf tidal tails or streams that would indicate possible interac-
galaxies (e.g. Martin & Kennicutt 2001). tions. By analysing their surface brightness distribution, we
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aim at identifying disk breaks and Pnding any correlations The g-band mosaic covering 9 square degrees around the

with the location of galaxies inside the cluster. core of the Fornax cluster, with marked circles indicating the
In this study, we present the analysis of LTGs i.e. spirghlaxies studied and presented in this paper, is shown in Fig 1.

galaxies selected from Ferguson (1989), which are brighter tHems is a complete sample mg " 16.6 mag consisting of 13

mg " 16.6 mag inside the virial radius of the Fornax cluster. WeT Gs inside the virial radius of the Fornax cluster (see Tab. 1).

give a short summary of the FDS in Sect. 2. We describe thibe sample of spiral galaxies has been selected from Ferguson

procedure and method to derive the radial probles, colours, §h8189), and is complementary to the work presented by lodice

structural parameters like ective radius and total magnitude iret al. (2019b) on ETGs.

Sect. 3. We give a detailed description of the algorithm we haRedetailed description of each galaxy in the sample is given in

developed to derive break radii in Sect. 4. A surface photometkppendix A.

analysis of each galaxy presented in this work is described in Ap-

pendix A, with their corresponding images in surface brightness, .

g $ i colour maps and probles, with surface brightness probsrisAnalyS'S' Surface Photometry

shown in Appendix B. We summarise our results in Sect. 5 anglthis section, we give a brief description of the method we

6, and discuss the formation of structures caused by secular eopt, following lodice et al. (2017a, 2019b), to derive galaxy

lution and the eect the environment in Sect. 7. Conclusions anghrameters: total magnitude, ective radius and stellar mass to
future perspectives are given in Sect. 8. The methodologiesjight ratio (M/L) ratio.

some of this work are presented in Appendix C.

3.1. Method: Isophote Fitting
2. The Fornax Deep Survey: Data , , )
We extracted azimuthally averaged intensity probles for each ob-

The Fornax Deep Survey, observed with the ESO VLT Syect from the sky-subtracted images in four respective bands, us-
vey Telescope (Schipani et al. 2012) is a deep, multi-bang theellipse (Jedrzejewski 1987) task in IRAF (for a thor-

imaging (,g,r,i) survey of the Fornax cluster, covering 26ugh explanation of this method, see lodice et al. 2019b).
square degrees around the core of the cluster (lodice et al. The main steps are as follows:

2017b). This work focuses on the central 9 square degtees ( ) .

03h38m29.024s," = $35d 27 03.18 ) which cover most of the 1. Create masks for bright objects (galaxy and stars) around our
cluster area inside the virial raditR,; # 0.7 Mpc (Drinkwater galaxy of interest . .

et al. 2001). FDS observations are part of the Guaranteed Tirhe Fit isophotes in 9II|pt|caI annulll, starting from the centre of
Observation surveys, FOCUS (P.I. R. Peletier) and VEGAS (P.I. the galaxy, up to its outer edge in the FDS Peld (odt @5
E.lodice, Capaccioli et al. 2015) acquired with the ESO VLT 9deg). We keep the geometric centre of symmetry bPxed while
Survey Telescope (VST) operating from Cerro Paranal. VST is a the ellipticity and position angle are free parameters. For lop-
2.6 m wide-beld optical survey telescope with a wide-peld cam- Sided galaxies (FCC113 and FCC285) and barred galaxies

era, OmegaCam (Kuijken 2011), that covers a 1x1 dégpetd (FCC263 and FCC121), we use the galactic centre of one
of view, and has a mean pixel scale of 0.21 ardpée!. band as the same centre for other bands so that the same re-

A thorough description of the observing procedure, data re- gions are mapped in the study and characterisation of their
duction pipelines, calibration, and quality-assessment of the p- Structures. . N — .
nal data products were presented by Venhola et al. (2017, 20 )From the intensity probles, we (i) estimate the limiting radius

and lodice et al. (2016, 2017a). The data presented in this work cc;]rrespt)ﬁndinlg to(g)hel_oﬁebrlm%st _a?nﬂl]%m (see Tatk)). 3);’ d
were obtained during several visitor mode runs in dark time for WHeré tné gaiaxy®s light biends Into the average backgroun

3 o ; !
U, g, r bands and in grey time for band (see lodice et al. 2019b level ° and (i) derive the residual sky background from the

for details on the observed FDS belds). Data were reduced with ©Uter annuli of all galaxies in each band.

two pipelines: (i) VST-Tube (Grado et al. 2012; Capaccioli et al.

2015); (ii) Astro-WISE (Valentijn et al. 2007). The VST-Tube ] ] )

was used to reduce data for the central 9 square degrees, whfe Products: total magnitude, effective radius, colour,
Astro-WISE was used for the data reduction of 26 square de- and stellar mass to light ratio

grees. We use both data products in this work. _ We adopt the procedure of lodice et al. (2019b) to derive pa-
The FDS belds were acquired usingtap-ditherobserving ameters: total magnitude! ective radius, colour, stellar mass
strategy, which consists of a cycle of short exposures of lﬁgs”ght ratio, for all galaxies in our sample.

each, centred on the core and its adjacent bélds @eg) in
the Fornax cluster. Fields with few or no bright objects werd. The resulting output of the isophote bt is used to provide
used to derive an average sky frame for each night and in all their respective intensity probles, from which we derive the
bands, which is scaled and subtracted from each science frameazimuthally averaged surface brightness (SB) probles. This
This method has proven to provide an accurate estimation of the s followed by a correction for the residual background level
sky background around bright and extended galaxies (see lodiceestimated aR ( Rim, in each band for all the galaxies in

et al. 2016, 2017a, 2019b; Venhola et al. 2017, 2018). For eachour sample. The error estimates on magnitudes take into ac-
beld, we obtained 76 exposures of 150s eadhbiand, 54 ing count the uncertainties on the photometric calibration and
andr bands, and 35 ihband, thus resulting in a total exposure;

time of 3.17 hr inu band, 2.25 hriirg andr bands, and 1.46 hr in ries, which are operated by the Association of Universities for Research

i band. Images with seeing FWHML.5 arcsec were used in the, asironomy, Inc., under cooperative agreement with the National Sci-
Pnal production of co-added frames (see lodice et al. 2019b ¥te Foundation

exposure times of each pltefhe FWHM (arcsec) and depth 2 Note that R, is di! erent from the depth of the image.

(mag arse@) of FDS belds in each bltery, g, r,i) are givenin 3 The average background level is the residual after subtracting the sky
Tab. 1 (see Venhola et al. 2018) frame, this results in a value close to zero (see lodice et al. 2016).

IRAF is distributed by the National Optical Astronomy Observato-
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Table 1. Image quality of FDS Pelds.

Field u band g band r band i band
FWHM  depth FWHM depth FWHM depth FWHM depth
[arcsec] Eo=2z] [arcsec] [o2s] [arcsec] o] [arcsec] [ree]
€)) (2) 3) 4) (5)
F2 1.21 26.89 1.11 28.35 0.90 27.78 0.79 26.75
F4 1.18 26.95 1.39 28.45 1.19 27.76 0.70 27.01
F5 1.33 27.33 1.15 28.54 1.39 27.85 1.08 26.97
F6 1.11 27.43 0.84 28.47 1.08 27.73 1.21 26.82
F7 1.04 27.3 0.83 28.56 0.95 27.81 1.42 26.62
F12 1.15 27.44 0.83 28.49 1.04 27.84 1.17 26.79
F15 1.30 27.12 1.13 28.35 0.90 27.89 0.97 26.87
F16 1.31 27.27 1.26 28.43 0.94 27.84 1.08 26.96
F17 1.27 27.1 1.11 28.29 0.87 27.96 1.01 26.92

Notes.Col.1 -FDS pbelds Col.2-average seeing, and surface brightness corresponding t& I5/N per arcsec foru-band; Col.3-Col.5-same
as Col. 2 forg,r, and i bands. The PSF FWHM and depth of each Plter in all Pelds are adopted from Venhola et al. (2018).

Table 2.LTGs brighter thanmg " 16.6 mag inside the virial radius of the Fornax cluster

object ! " Morph type radial velocity mg FDS Field Names
h:m:s d:m:s kn's mag
(2) (2) 3) (4) ) (6) (7) (8)
FCC113 033306.8 -344829 Scdlll pec 1388 14.8 F15-16 ESO358-G15
FCC115 033309.2 -354307 Sdm(on edge) 1700 16.6 F16 ESO358-G16
FCC121 033336.4 -360825 SB(s)b 1635 10.32 F16-F17 NGC1365, ESO358-G17
FCC176 033645.0 -361522 SBa(SAB(s)a) 1414 13.74 F12-F17 NGC1369, ESO358-G34
FCC179 033646.3 -355958 Sa 868 12.09 F11-F12 NGC1386, ESO358-G35
FCC263 034132.6 -345317 SBcdlll 1724 14.04 F6 ES0O358-G51
FCC267 034145.4 -334731 SmlvV 834 16.1 F4-F5
FCC285 034302.2 -361624 Sdlll 886 14.1 F7 NGC1437A, ESO358-G54
FCC290 034337.1 -355113 Scll 1387 12.41 F6-F7 NGC1437, ESO358-G58
FCC302 034512.1 -353415 Sdm (onedge) 803 15.5 F2-F6 ES0O358-G060
FCC306 034545.3 -362048 SBmlll 886 15.6 F7
FCC308 034554.7 -362125 Sd 1487 13.97 F7 NGC1437B, ESO358-G61
FCC312 034618.9 -345637 Scd 1929 12.83 F2-F6 ESO358-G63

Notes.Col.1 - Fornax cluster members from Ferguson (19&2)|.2 & Col.3 - Right Ascension and Declinatiool.4 - Morphological type;
Col.5 - Heliocentric radial velocity obtained from NEIZ0l.6 -total magnitude irB band as given in NEB Col.7 - Location in the FDS Field;
Col.8 - Alternative catalog names

a8 The NASA/IPAC Extragalactic Database (NED) is operated by the Jet Propulsion Laboratory, California Institute of Technology, under contrac
with the National Aeronautics and Space Administration.

sky subtraction (see Capaccioli et al. 2015; lodice et al. 2016, M,/L; with 1 # accuracy o# 0.1 dex. TheM,/L; value for
2019b). each galaxy of the sample is given in Tab. 5.

2. From the azimuthally averaged SB probles, we degi$e : . . .
colour proples for egch galagxy (Appgndix B). We :IJso show A full illustration of the surface brightness probles$ i
theg $ i colour maps for each of these galaxies (Append lour p_robles and maps for individual galaxies are shown in
B), obtained from the images. ppendix B.

3. From the isophote bts, we use a growth curve analysis to
derive total magnitude and ective radius in each band for4, Analysis: the break radius
all galaxies (see Tab. 4). ] ] ] ) ]

4. We derive averagg® i) and @$ r) colours for each of these One of the main novelties of this work is the algorithm we have
galaxies from the radial probles (see Tab. 4). developed to derive break radii of galaxies. It is based on con-

5. From the average@ i) colour, we estimate the stellar mas§epts used in literature to derive break radii (e.g. Pohlen & Tru-
My by using the empirical relatidiog; M = 1.15+ 0.70@$ jillo 2006), but it is fully automatised and reproducible, as it is
i)- 0.4M; from Taylor et al. (2011) wh’\é&rM- is the absolute based on coded rules to debne the break radius and bootstraps

. i . y i

magnitude iri- band?. According to Taylor et al. (2011), thisthe results over a variety of initial conditions for the best-btting

relation provides an estimate of the stellar mass-to-light raffg°cedure. . . .
elation provides an estimate of the stellar mass-to-light atto In this section, we illustrate the main steps to derive the break

4 The empirical relation proposed by Taylor et al. (2011) assumedadius from surface brightness probles, and provide a detailed
Chabrier IMF. description of the algorithm we use.
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Fig. 1. VST mosaic in thg-band of the Fornax cluster inside the virial radius, at about 9 sq deg. The marked circles indicate the 12 LTGs presente:
in this work, with FCC267 located at the top north of the virial radius, outside this mosaic. Black contours are the X-Ray emission from ROSAT
(Paolillo et al. 2002). The X-ray contours are spaced by a factor of 1.3, with the lowest levePat @dcountdarcmir?/s.

4.1. Surface brightness proble deconvolution sample of galaxy images, they characterized the PSF from the

. . . VST images.

b\ive Qer;\ée thbe b(rjeak rﬁjms from S;thfr;';lceh_brrl‘ghttntess pro- The sample presented in this work consists of galaxies of dif-
€S 1n ther-band as this IS oné of the NIGNest ranSmiS- ¢oant angular extent (see Fig. 2. FCC306 is the smallest galaxy

sion OmegaCam blters and leastiaected by dust absorption, in our sample (R =0.94 Kpc ini-band) and FCC121 is the

which could be quite highin LTGs. argest galaxy, (R=12.74 Kpc ini-band). From Fig. 2, itis clear

it _Slncetthetl?reak rad'ltjf |stﬂ2rlvetd ?':hthe d'?c fe.g'otﬂs Off LT at the éect of the PSF (1 arcsec) scatters the light from the
It1S important to accountior tn€ €ct oTthe contamination Irom o415 regions to the outer regions. Theeet mitigates outside

their bright cores, which scatters their light in the regions arou tVDi : :
X 4 ypical size of the PSF, where, for the conservation of the
'_[Phem bet<r:]auset_of ltlhd ?(?t tOf (';he %O'Qt fﬁregg;unCt'o?h(PSF)Bux, the light scattered from the core makes the observed proble
€ mathematical*eect introduced by the Over the Megsanter than the intrinsic (deconvolved) proble. Finally, the ef-

sur:aq 2? tlr:gh_t <t:1|'str|'bu.t|?n |s_teqU||vaIen§hto a cfonvolgjt_lorr:t of ct of the PSF is completely canceled far away from the center,
matrix of the intrinsic intensity values (the surface brightnes, Pically outside 10 arcsec. Thus, in order to minimise theat

and a 2D kef”e' (the matrix _correqunding to.the.PSF). In or the PSF on our structural analysis, we deconvolve galaxies
to correct t.hIS, we negd to invert th!s operation i.e., performv\(;}th the PSF, by using the Lucy-Richardson algorithm (Lucy
deconvolution, assuming the k_ernel IS given. .. 1974; Richardson 1972), as done$®yavone et al. (2017, here-
_The brststep of deconvolution (assuming the kernel is givelja sp.17) A full description of the deconvolution method

is to accurately measure the PSF outto a rr_;ldl_al distance co 5d for VST data is presented by Spavone et al. (in prepg
rable to that of the galaxiesO disks. Capaccioli et al. (2015) fo Bustness of the deconvolution algorithm is demonstrated

that t_he scatpered light can cpnsiderablyeat ;he Iocall light pro- in Appendix C.1, where we compare the performance against
bles in VST images of galaxies of various sizes inallent ways. the method frorﬁ Borla! et al. (2017).

To fully account for the broadeningd ect of the seeing on their
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Table 3.Limiting radius of the intensity proPles as they are connected to component-transition rather than
i disc-breaks (e.g. Laine et al. 2014, 2016).
object  Rim H Since the aim of this multi-linear bt approach is to study the
arcsec  malgrcseé disk regions of LTGs and detect any break in this component, it
1) 2 3) cannot be considered as a tool to decompose the observed pro-
FCC113 42.23 25#0.19 bles into di erent sub-components. In fact, it makes use of a
FCC115 36.04 25.50.11 simple linear regression to debne the regions where there is a
FCC121 436.7 26.60.32 signibcant slope chanfén the light probles of LTGs to mea-
FCC176 86.4 2650.4 sure the transition point.
FCC179 139.2 25.880.3 In more detail, the brst step is to estimate the radial range
FCC263 71.41 25#0.15 where the disc component is debned (i.e., an inner disc limit,
FCC267 42.23 26.820.4 range,, and an outer disc limittange,). This is done by an
FCC285 86.4 2680.07 initial guess of the disc scale-lengths,(andhgy), from which
FCC290 139.2 26.440.03 the range is derived by varyinqg@ number of data points
FCC302 51.1 26.940.21 (MaXange, = rangen £ N, MaXange,, = rangey: £ n, we used
FCC306 22.75 2580.1 n=2). The procedure is repeated for the second sub-component
FCC308 115.0 2680.13 and so on (in case there is more than one evident break radius,
FCC312 153.1 25.130.14 known from the residuals of the bt). We stress here that the deter-

mination of the btting range only extends to the limiting radius
Notes.Col.1 -Fornax cluster members from Ferguson (1989)Col.2-  Ry,.

!_imiting radius in r$band ; Col.3- Surface brightness at the limit-  QOnce the domains of the!dérent disc components are debned,
ing radius. a linear least square bt is done to each of these rangegg,
andrange,.), producing f+ 1)? best bt& for the inner and outer
ranges. Theé and$ parameters (in Eq.1) of each of these best
linear regression bts are stored and used to estimate the point of
intersection, otherwise called the break radiBg (

The combinations of thetting for the rangesrange, and
range,,; are chosen such that they do not coincide and all points
of the disc regions on the surface brightness proble are consid-
ered.The selection of these combinations is dierent from the
selection ofmaxange, @aNd Maxange, Where these represent the
4.2. Algorithm: Break radius total range considered forrange, and range,, but not for
the btting itself. This in turn producesn(+ 1)° estimates of the

reak radius. The median of+ 1)° intersecting points is chosen

& the Pnal break radius. The rms residuals (the numerical rank
of the scaled Vandermonde matrix) for each linear regression
bt are computed and the median of this is shown as the range
&F variance of the btted modelsO scale-lenigthand hy (see
'E%.S and Fig. 4). To show the regions of variance of the inter-
secting point from ther(+ 1)2 best bts, the standard deviation
R =$+ R 1) of (n+ .1)3 preak radii ¢ ngy) is marked.as a signibcant error on

the estimation of the break radius. This procedure is repeated by

where! is the slope of the linear bt aitlis the intercept. The varying the initial guess of the disc scale-lengths until a minimal
best bt is performed via least square linear btting of 1D surfef@ndard deviation of the 1)® break radii is obtained, resulting
brightnessproble in r$band (deconvolved) The least square in the best selection fd, andhg.
approximation of the linear system is based on the Euclidean The regions (hererange, and range, obtained from the
norm of the squared residuals. best bt iteration) are given as the disc scale-lengths, and

This is followed by evaluating the residuals of the best bt. iy and are used to derive the averageg($ i) colour of hi,
the residuals show monotonic deviations from the best bt (r@d hoy.
residuals> 0.5 magj that increase with radius, it suggests that The break radius (in arcsec and kpc) of 10 galaxies with
the proble has a break and needs a second component. THeir, #ng;, Surface brightness at the breakug,, and average
two linear bts are implemented, using Eq. 1. In order to takg$i) colour (derived from deconvolved probles) for the inner
into account dierent intervals in radius i.e., before and aftefin and outer hy discs are listed in Tab. 6, with their decon-
the discontinuity, we have developed a procedure which auw®!ved surface brightness propPles (im- band), shown in Fig.
matically debnes these intervals (radial ranges) to determine 3n@nd Fig. 4. We also apply the algorithm on irregular galax-
break radius B;). The linear bts are performed outside the ies: FCC113, FCC285, and FCC302. In such cases, we do not
bulge component. For most galaxies, the region where the detect disc-breaks, but rather wiggles and bumps associated
bulge dominates was taken from Salo et al. (2015). Thoughto the irregularities (star forming regions) present in these
we initially consider the whole proble (including inner com-
ponents), we exclude the breaks detected in the inner regions

The surface brightness probles and break radii are de-
rived from the deconvolved images inr- band. We also de-
rive the deconvolved probles ing and i bands. The decon-
volved probles (-band) are given in Fig.3 and Fig.4, and de-
convolved @ $ i) colour probles are shown in Appendix. B

Since discs of LTGs show exponential SB probles, which
come linear in the log-linear plane, the break radius can be
Pned as the radius where the logarithmic SB, debPned=a8.5

brst guessed by btting the disc with a single linear model us
the following equation,

6 This also accounts for a slope erro0.05.
7 Herenis dePned as the number of SB points obtained fedlipse,
5 The residuals in irregular galaxies correspond to the presence of Using a semi-major axis (pixels) step of 0.1 (+.8tep

wiggles in their probles. We check this before concluding that itis ° This combination is obtained biyle of product.e.,n+ 1 ranges for
associated with disc-breaks. the upper and lower limits of the radial scale-lengths
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Table 4. Derived Parameters of LTGs inside the virial radius

object my my me m Re, Rey Re Re

mag mag mag mag arcsec arcsec arcsec arcsec
1) (2) 3) (4) (5) (6) (1) (8) ©)
FCC113 1%1+0.04 1501+0.02 1444+0.01 143+001 2974+0.76 1951+0.19 2056+0.1 2064+ 0.108
FCC115 1718+ 0.01 1635+0.01 1591+0.39 1594+0.01 179+05 1954+0.11 2058+0.11 1658+ 0.2
FCC121 1065+0.05 933+004 879+0.03 843+0.03 134+ 398 1424+ 369 1098+215 1328+ 2.89
FCC176 135+0.01 1251+0.01 1174+0.01 1145%#0.01 5676+159 5303%+0.69 5373+228 4742+1.20
FCC179 1317+0.02 1144+0.01 1068+ 0.01 1034+0.01 2275+042 2968+0.50 3003+050 2801+0.73
FCC263 1472+0.05 1291+0.05 127+002 1258+0.01 2182+157 2536%+167 2715+056 2153+0.14
FCC267 16+0.08 1568+ 0.03 1509+0.01 148+ 0.01 141+ 05 176+ 04 194+ 04 200+ 0.3
FCC285 147+0.03 1315+0.02 1302+0.03 1277+0.01 4084+ 163 4678+129 499+154 511+ 0.64
FCC290 126+0.095 114+001 1108+0.01 1Q074%+0.01 4968+ 053 4965+ 058 4852+0.16 4841+ 0.06
FCC302 1&9+0.09 1558+0.01 1537+0.04 1506+0.1 2849+1.7 2192+0.75 2415+0.78 2884+ 1.64
FCC306 164+0.02 1529+0.03 1518+0.01 150+0.014 901+0.16 1052+0.15 97+0.06 985+ 0.06
FCC308 1436+ 0.02 1287+0.01 1254+0.01 1217+0.02 5365+1.41 4491+056 3711+0.82 4646+ 0.37
FCC312 138+0.05 114+002 1089%#0.09 1045%+0.04 4934+213 760+367 1095%+933 1178+ 7.26

Notes.Col.1 - Fornax cluster members from Ferguson (198€%)|.2 to Col.5 -Total magnitude in the, g, r andi bands respectively, derived
from the isophote bt. Values were corrected for the galactic extinction, using the absorptiarierddby Schlegel et al. (1998%0l.6 to Col.9 -
E! ective radius in the, g, r andi bands respectively, derived from the isophote bt.

Table 5. Stellar mass estimates of LTGs in thdvand

object Dcore Mi; Re g$r g%i M, M/ L
deg mag kpc mag ma v

(1) (2 (3 4) ) (6) (7) (8)

FCC113 1.21 -16.74 198 .2/ +0.03 071+0.02 0.02 0.56
FCC115 1.05 -15.78 1.59 .4B%+0.02 041+0.02 0.01 0.35
FCC121 1.06 -2258 12.74 51+ 0.02 090+ 0.02 6.49 0.77
FCC176 0.82 -19.85 455 .0/r+0.02 106+0.02 0.68 0.99
FCC179 0.55 -20.7 2.68 .16+£0.02 110+0.02 1.58 1.06
FCC263 0.79 -18.08 2.06 .21+ 0.07 032+ 0.06 0.04 0.3

FCC267 1.73 -15.24 1.92 .%9+0.04 088+0.04 0.01 0.74
FCC285 1.17 -17.43 490 .1B+0.05 038+ 0.04 0.02 0.33
FCC290 1.05 -20.49 464 .38+x0.04 066+0.04 0.64 0.52
FCC302 1.30 -15.92 2.76 .ZM+0.02 052+0.02 0.01 0.41
FCC306 1.69 -15.21 0.94 .11+0.04 029+0.04 0.003 0.29
FCC308 1.69 -17.49 4.46 .3B+0.02 069+ 0.03 0.04 0.55
FCC312 159 -20.89 11.30 .51+0.11 095+ 0.06 1.48 0.83

Notes.Col.1 - Fornax cluster members from Ferguson (19&%)|.2- Projected distance from the galaxy centre in degree, i.e. from NGC 1399
(FCC213);Col.3- Absolute magnitude im-band, derived using the distance modulus from NED and Tully et al. (2@@9)4 - E! ective radius
(kpc) ini-bandCol.5& 6- Averageg $ r and g $ i colours; Col.7 & Col. 8- Stellar mass and mass-to-Light (M in i-band.

galaxies. This is also checked by subtracting the small-scale  An example of ther{ + 1)3 best bts with minimal standard
wiggles from the probles of these galaxies, and applying thedeviation, produced by the algorithm is shown in Appendix C.
algorithm on the obtained proble. These three galaxies showParameters of the best bt for LTGs with disc breaks are given in
a Type-I proble. Tab. C.1.

Most of the galaxies in the sample show clear evidence of For all galaxies, the break radii (inner and outer disc-
a single break radius, however we cannot exclude that furtheeaks as in the case of FCC121) are located within regions
substructures are present beyond their outer disc scale-lengttigere the é ects of PSF-convolution are negligible. This is
For example, FCC121 shows a second break (see Fig. 4paiven by deriving the break radius from deconvolved pro-
U(R) > 255 mag arcse, which is well detected by the al- bles and the results (original vs deconvolved probles) are the
gorithm but it is not discussed in our analysis. This second bres&me, as shown in Appendix C.1.
could be associated with the truncation radius that occurs in the
outermost optical extent of a galaxy (see e.g. Mart'n-Navar,

et al. 2012). Also, we need a minimum of 3 data points to pré(—') Mqrpholqglcal segregation of LTGs inside the
duce 0+ 1) bts (with a lower limit ofn=1), that is within the  Virial radius of the Fornax cluster

Rim. For this reason, we do not derive a second break for the sample of LTGs inside the virial radius of the Fornax
some galaxies of the sample (e.g. FCC179, FCC290, FCC267yster is heterogeneous in morphology as measured by their
FCC308) though it seems to be present in their probles. T-type Hubble classes. These are shown as a function of

the projected distance in Fig. 5. The correlation is not as
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Fig. 2. The deconvolved SB proPles over-plotted on the original SB proPles (red) for the smallest, FEGC30®4¢ kpc ini-band) and the largest
galaxy, FCC121R, =12.74 kpc ini-band) in the left and right panels. The PSF (1 arcsec) for FDS data is marked in grey dotted lines.

Table 6. Parameters of LTGs with a disc break

object B, #ng, M, hin Nout Hubble Break
[arcsec] [kpc] [arcsec] 7221 [arcsec] g$i[mag] [arcsec] g$i[mag] Type(T) Type
(1) (2 (3 4) 5) (6) (7 (8)
FCC113 - - - - - - - - 6 |
FCC115 15.35 1.47 1.07 23.52 6.84 0£286.03 16.15 0.1% 0.03 8 Il
FCC121 192.35 18.46 7.05 23.65 63.9 0488.02 175.7 1.09 0.04 3 11
FCC176 38.86 3.73 6.39 22.20 28.66 1#10.02 54,73 0.7& 0.2 1 Il
FCC179 73.02 7.01 3.66 21.98 43.47 1#10.02 50.08 1.05% 0.02 1 Il
FCC263 24.12 2.32 1.58 22.06 14.42 0#40.02 37.39 0.63 0.02 2 "
FCC267 14.95 1.43 0.39 23.83 8.52 0£#6.03 22.11 1.2 0.13 9 Il
FCC285 - - - - - - - - 7 |
FCC290 47.31 454 3.42 21.45 23.22 0#0.03 70.66 0.74 0.02 4 1l
FCC302 - - - - - - - - 8 |
FCC306 6.88 0.66 0.15 21.81 2.92 0689.01 14.1 -0.3% 0.07 9 1l
FCC308 25.60 2.46 0.84 22.32 14.11 00.02 92.25 0.7% 0.04 7 "l
FCC312 72.06 6.91 2.93 23.38 42.17 1#46.05 67.79 1.54 0.03 7 "l

Notes.Col.1 -LTGs with a disc breakCol.2 - Break Radius in units of arcsec and kpc (1 arcs€c096 kpc);Col.3 - Standard deviation of the
break radii from g + 1)* combinationsCol.4- Surface brightness at the break radiGs].5 - inner scale-length in units of arcsec, and average
g% i colour forhy,; Col.6-outer scale-length in units of arcsec, and ave@$e colour forh,; Col.7-Hubble Type TCol.8-Proble classibcation

tight as previously reported in other similar environments refer Tab. 2) LTGs in our sample. They show regular spiral
e.g., Virgo (Binggeli et al. 1987) and other clusters (Whit- or barred-spiral structures with clear grand design features.
more 1993). Here, the projected distances have been usedhree of the above mentioned galaxies (FCC176, FCC179,
as a primary parameter to discern the formation and evo- FCC263) are, in projection, located within the X-ray halo of
lution of the galaxiesO substructures as a function of theNGC 1399 (see Fig. 1} CC176 and FCC179 are redder than
cluster environment. However, one must also take into ac- other LTGs inside the virial radius (see Fig. 7) with the for-
count other environment-independent mechanisms like pre- mer devoid of atomic and molecular gas (Fuller et al. 2014;
processing (e.g. Fujita 2004), which are independent of the Schr3der et al. 2001) and the latter shows dust and molecular
local environment, In this section, we analyse the morpho- gas in its spiral arms. FCC121 and FCC290 are located be-
logical structures of the galaxies in our sample by grouping yond the X-ray halo with morphological type T > 3. FCC290
them into bins of Hubble stageT as a function of projected has spiral arms only inside R. (see Appendix B.9). FCC121
cluster-centric distance Dcore), Shown in Fig. 5. has grand design spiral structure with a bar.

The LTGs in Fornax with morphological type 1 " T " Galaxies with morphological type5™ T " 7are FCC113,
4 are FCC121, FCC176, FCC179, FCC263, and FCC290.FCC285, FCC308, and FCC312. These galaxies are located
These galaxies are located withirD¢e " 1.1 deg from the beyond D¢ore > 1.1 deg. The former two galaxies (FCC113
cluster centre (see Fig. 1 and 5), corresponding to 0.3&,,. and FCC285) are lopsided with luminosities 14 mg < 15
Overall, they are among the most luminous ifis < 14 mag, mag and the latter two (FCC308, FCC312) have boxy discs
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Fig. 3. Surface brightness probles of galaxies with Type Il disc break, with i} colour as a third parameter. In each plot, the break radius
(B;) is marked at the intersecting poiot the linear bts performed betweenh;, andhqy, with #,5 as the median ofn(+ 1)° combinations of
best bts on the inner and outer scale-lengths. The vertical dashediiagg @ndmax,,,) indicate the regions famaxangq, = range, = n and
Ma&%ange,: = FANg&,: £ N Where the algorithm produces £ 1Y linear least square bts. The shaded regions,oandh,, indicate the median of

the rms of the residuals fon¢ 1)? linear least square bts.
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Fig. 4. Surface brightness probles of galaxies with Type Ill disc break, similar to Fig. 3.
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with mg < 14 mag. FCC113 and FCC285 exhibit irregular
star-forming regions, which are evident in their SB images
(Appendix. B.1 and B.8). They are located on either sides of
the cluster centre with their asymmetric discs elongated to-
wards the cluster centre (see Fig. 1). FCC308 and FCC312
have irregular star-forming regions in their ill-dePned spiral
arms. Their thick discs also have Rares which are signs of
minor mergers (e.g Knierman et al. 2012)

The very late morphological type T > 7 galaxies are
FCC115, FCC302, FCC306, FCC267. FCC115 and FCC302
are edge-on galaxies (making it hard to determine their
true morphological T-type), while FCC306 is a bright dwarf
galaxy (Drinkwater et al. 2001). FCC267 has a double nu-
cleus or a dust-obscured bar (see Appendix B.7). These
galaxies have irregular star-forming regions and lumosities
in the range 15< mg " 16.6 mag (refer Tab. 2). All the
galaxies in this group are located beyondD.qe > 1 deg. None
of the aforementioned I > 7) have visible, regular spiral
structures with star-forming regions, unlike the galaxies at
smaller cluster-centric distances

Despite our small heterogeneous sample of LTGs, we can
stillinfer that the overall morphological segregation of galax-

ies inside the virial radius strongly suggests that the number gig 5 Hubble Type T as a function of projected cluster-centric dis-
density of ETGs is higher near the cluster centre Dcore < 0.8 tance. For each galaxy, their disc-break type is represented as squares
deg# 0.27 Mpc, lodice et al. 2019b), where only the massive (Type 1) or triangles (Type Il), or circles (Type II1). For 3 galaxies with
LTGs of earliertypes (1" T " 4) are found (see Fig. 6: top secondary breaks other than their primary break-type, they are repre-
panel). Galaxies with morphological type 5< T " 9 (# 60 sented as circletriangle(Type k1)
% of the sample) are located beyondDcqre > 1 deg# 0.36
Mpc i.e. beyond the high-density (ETG-dominated) regions
debned by lodice et al. (2019b)

We do not bnd any trends between averagey($ i and
g$r) colours as a function of cluster-centric distance (see Fig.
7), as observed by lodice et al. (2019b) for ETGs. From the
colour-magnitude relation diagram (Fig. 6), we bnd a posi-
tive correlation as expected and a clear segregation in colors
from the bright ETGs in the cluster (see Fig. 6: lower panel)

6. Analysis of the disc breaks

In this section, we analyse disc breaks by investigating possi-
ble correlations with some global properties such as colours,
total magnitudes, stellar mass, molecular gas, and with the
galaxyOs location in the cluster. Since the sample is limited to
13 galaxies, the results cannot be considered on a statistical
basis. However, it represents the complete sample of bright
LTGs in the Fornax core and the analysis of their disc prop-
erties will provide important information on the assembly
history of the cluster.

In Fig. 5, we show the di erent disc-break types are dis-
tributed as a function of the cluster-centric distance. There
is no evident correlation between the morphological type
(T) and the disc-break type. On the whole, we can give
the same conclusion about the distribution of di erent disc-

Fig. 6. Stellar mass as function of cluster-centric distance (top panel)
and colour-magnitude relation (lower panel) for LTGs and ETGs (data
from lodice et al. 2019b) inside the virial radius of the Fornax cluster.

break types inside the virial radius, i.e. Type Il and Type IlI
breaks are found in galaxies at both small and large cluster-
centric distances. It is worth noting that Type | galaxies (only
3 galaxies) are found around# 1.2 deg ¢ 0.4 Mpc).

The surface brightness at the break radius in Type |l
discs is in the range 22.5' pg " 24 (see Fig 8). On aver-
age, these galaxies have blueg($ i) colours in their outer
discs fou) in comparison to their inner discs (in) (see Fig
9 and refer Tab. 6). FCC179 and FCC290 have bluer outer
discs (than their inner discs), with a di erence” 0.05 mag,

which is above the error (refer Tab. 6). However, their in-
ner discs have dust and this can cause the observed red
colour. FCC115 and FCC306 are very late type galaxies that
are bluer on average (see Fig. 7) with the former being the
faintest in the sample and the latter, a bright dwarf.

Type lll disc-breaks have surface brightness levels in the
range 21.5" pg " 23 (see Fig. 8), i.e., less luminous than the
g, of Type Il disc-breaks. These galaxies have reddeg($ i)
outer discs than their inner discs (see Fig. 9 and Tab. 6). Most
of the Type Il galaxies show signs of merger events taken
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Fig. 7.9 $ i (top panel) and $ r (lower panel) colours as a function of

projected distance from the cluster centre in degrees and Mpc.

Fig. 8. Histogram of surface brightness at the break radjus) (for
Type Il and Type Il galaxies.

place in the past e.g., FCC263 with disturbed molecular gas
(Zabel et al. 2019), tidal tails® in FCC308 and FCC312 , dou-
ble nuclei in FCC267, which can produce up-bending pro-
bles. The redder colour may be accounted for the transfer of
stellar mass to the outer disc during interactions (Younger

et al. 2007). The redder outer discs may also be associated

with the exhaustion of gas via ram-pressure stripping (see
e.g. Steinhauser et al. 2016; Pranger et al. 2017).

We Pnd a positive correlation between stellar mass and
the break radius (see Fig.9: top left panel). This trend is ex-
pected and has been shown before in literature (e.g Pohleh
Trujillo 2006). In comparison to the results by Pohlen& Tru-
jillo (2006), we also Pnd that luminous galaxies have larger

inner disc scale-lengths as shown in Fig. 9 (bottom panel).

9 Galaxies with tidal tails were classibed as Type llla by Watkins et &he Fornax cluster has been considered as a classic example

(2019)
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This trend is still evident in the plot of the total magnitude
as a function of the break radius normalised to the éective
radius (see Fig. 9: top right panel), where most of our sample
galaxies have break radius in the range of 0.5 < B, <1.25
Re, while the two brightest galaxies haveB, ( 1.7R..

We used the molecular gas masMy, derived from CO
(1-0) emission, as part of the ALMA Fornax cluster Sur-
vey (Zabel et al. 2019) to obtain molecular gas-fractions
(Mp,/ My) and plot them against the break radius for eight
galaxies in our sample, of which six are detected in CO(1-0),
and two are non-detected (see Fig. 10). Thely, in the lat-
ter cases is the 8 upper limit. We also plot the CO maps
in contours on our g-band images along with the break ra-
dius (see Appendix B). From this, we Pnd that the molecular
gas (CO) detection is within the uncertainties of the break
radius. Since molecular gas is a prerequisite for star forma-
tion, the break radius could also be a sign of a Obreak in
star formationO (see Rdar et al. 2008; Sinchez-Blfzquez
et al. 2009; Christlein et al. 2010). Fig. 10 shows that galax-
ies with larger break radius have higher molecular gas mass,
and lower gas-fractions.

7. Summary of the results and Discussion

Inside the virial radius of the Fornax cluster (" 0.7 Mpc),
there are 13 LTGs brighter than mg " 16.6 mag. In this work,
we investigate the structure of this small, yet complete sam-
ple of 13 LTGs and in doing so, analyse any possible correla-
tions with their position in the cluster. One aim is to study the
disc component and hence, we have developed an algorithm
to debne and measure break radii in their surface bright-
ness probles (Sect. 6). The main results of this work are sum-
marised below

1. From Fig. 5, it is evident that our sample of LTGs is
heterogeneous in morphology. Still we bnd that galaxies
with morphological type T " 4 located at smaller cluster-
centric distances. Among these, FCC176 and FCC179
(morphological type T=1) seem to be in a transition phase
to SO'SBO. Later morphological types (5< T " 9, # 60
% of the sample) are located atDcore > 1 deg# 0.36
Mpc i.e. beyond the high-density of ETG-dominated re-
gions Dcore> 0.8 deg# 0.27 Mpc). Most of these show
signatures of tidal interactions in the form of lopsided-
ness (FCC113 and FCC285), thick disks and tidal tails
(FCC308 and FCC312) or double nuclddust-obscured
bar (FCC267).

There is an equal fraction (38%) of Type Il and Type
Il discs in the sample, while only three galaxies (23%)
show a classical Type | exponential disc. Type Il galax-
ies have bluer outer discdfout $ hin = $0.37 mag), while
Type lll galaxies have redder outer discslioy $ hin = 0.25
mag). Brighter and massive galaxies have larger break
radii. For galaxies detected in CO(1-0), the molecular gas
is within the break radius.

2.

In the following sections, we discuss the results mentioned
above in order to address the evolution of LTGs inside the
virial radius of the Fornax cluster.

7.1. Evolution of LTGs inside the virial radius of the
Fornax cluster

of a virialised cluster with regular galaxy distribution (Grill-
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Fig. 9. Analysis of galaxies with a break in their surface brightness probles. Triangles represent Type Il probles, and circles represent
Type-lll, with average (g$ i) colour of hyy-hi, as colour map. Top panel (left):Stellar mass as a function of break radius; Top panel (right):
Total magnitude as a function of break radius normalised to ¢ ective radius; Bottom Panel: Absolute magnitude ini-band as a function

of inner scale-lengthhi,(left) and outer scale-lengthhy, (right).

ETGs in its core (Grillmair et al. 1994; Jord$n et al. 2007; lodice
et al. 2019b). Inside its virial radius, lodice et al. (2019b) found
that the ETGs are not spherically distributed around NGC 1399,
rather, they are located along a stripe i.e. N-S direction in the
West side of NGC1399 (also refer to Fig. 1). Along this direc-
tion, signatures of an ICL component have been found (lodice
et al. 2017b), mirrored by globular clusters (GC) density sub-
structures (DOAbrusco et al. 2016; Cantiello et al. 2018), and
supported by kinematical measurements by PNe (Spiniello et al.
2018) and GCs (Pota et al. 2018). All of this suggests that there
are interactions between Fornax cluster members (lodice et al.
2017b) and among galaxies with the overall cluster potential
(Spiniello et al. 2018; Pota et al. 2018). This OstripeO along the
W-NW direction of NGC1399, otherwise called as W-NW sub-
clump, may have resulted from the accretion of a galaxy-group
during the build-up of the cluster, hence creating what has been
perceived to be an asymmetry (lodice et al. 2019b). To further
substantiate this accretion and the consequences on its surround-
ings, all the LTGs brighter thamg " 16.6 mag, presented in this
Fig. 10. Molecular gas mass (top panel) and molecular gas-fraction®rk, are not located spatially anywhere near this sub-clump of
(lower panel) as a function of break radius. Green triangles represefiGs. In fact, these LTGs are located in the opposite direction
galaxies detected in CO(1-0), and orange triangles represent galagi&ast side of NGC 1399, in 2D projection) of this high-density
non-detected in CO(1-0) for eight LTGs in our sample, which were suETG-zone (Fig. 1), except for FCC113, a lopsided galaxy. How-
veyed by Zabel et a!. (2019). Orange cirples are galaxies with Typedler the lopsided tail of FCC113 appears to be elongated in
proble, and purple circles are galaxies with Type Ill proble. the direction pointing towards the cluster centre (see Appendix.
B.1).
mair et al. 1994; Jordin et al. 2007). This cluster is dynamj. OUr results conceming the morphological segregation of
cally more evolved than the Virgo cluster with a high fraction df ' S crowding the central regions (lodice et al. 2019b), and
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LTGs located at larger cluster-centric distance inside the virialth averageg $ i colour> 1 mag andM,/10'°Mg, > 0.6 (see
radius of the Fornax cluster, is consistent with previous bPndingasb. C.1). Larson et al. (1980) brst explained how blue galax-
of the this relation in Virgo (Binggeli et al. 1987) and other cluses evolve to red galaxies over Hubble time, and this was fol-
ters (Dressler 1980; Whitmore 1993). Some of the mechanislowed by several other supporting evidences of galaxies losing
that have been proposed to explain the morphological segreth@ir gas as a consequence of environmentates (e.g. Boselli
tion are ram pressure stripping (Gunn & Gott 1972), galaxy h&-Gavazzi 2006; DOOnofrio et al. 2015; Gao et al. 2018, and
rassment (Moore et al. 1996), truncated star-formation (Larsagferences therein). FCC176 could have formed before the clus-
et al. 1980), galaxy-galaxy interaction (Lavery & Henry 1988)ter collapse and therefore resides in the X-ray halo of NGC
Due to the higher intra-cluster gas density and higher clust&B99 (e.g. Whitmore 1993). This galaxyOs morphological evo-
centric velocities of galaxies, ram-pressure stripping is 16 timkegion under the inBuence of the cluster environment has caused
more & ectivgstronger in the Virgo cluste Davies et al. (2013)it to be Hi debcient. However, FCC179 aRCC290 are de-
However, as the Fornax cluster hogt800 galaxies wittBy # tected in Hi (Schrider et al. 2001) and CO(1-0) (Zabel et al.
18 (Ferguson 1989), which is an order of magnitude lower tha019). The CO disc in spiral galaxies is usually concentrated
the galaxy population in Virgo, it is suggested that galaxyvithin 1R, (see e.g. Davis et al. 2013). The outer gas discs
galaxy interactions play a prominent role in the evolution of Foin spirals that extend to their optical radius are typically Hi
nax cluster members (e.g. DOAbrusco et al. 2016; lodice edaminated. Hi imaging would be required to conbrm that
2017b,a; Venhola et al. 2017, 2018; Spiniello et al. 2018). these galaxies have been pre-processed (see e.g. Fujita 2004;
addition to this, it is also necessary to take into account pigjayaraghavan & Ricker 2013), or that they have experi-
processing of a galaxy before falling into a cluster, and that teaced ram-pressuréidal stripping during infall, which has
enhanced ram-pressure stripping occurs when the group passsslted in the loss of their outer disc gas (Larson et al. 1980).
through the cluster pericentre (Vijayaraghavan & Ricker 2013).
With these mechanisms stated, we examine the morphol
cal evolution of LTGs inside the virial radius of the Fornax clus-
ter.

'é Disc break as a proxy for the structural and
morphological evolution of LTGs

Disc breaks in the light probles of LTGs have known to occur as
a consequence of internal mechanisms (e.g. formation of bars) or
external mechanisms (e.d. &t of the environment), or some-
Galaxies with morphological type § T " 9 are located at times both (Mart'n-Navarro et al. 2012). It has proven to be a
Dcore > 1 deg# 0.36 Mpc. Among these, FCC308 and FCC31¢ital parameter in the study of the stellar and gaseous discs of
show signs of interactions in the form of tidal tails. The present&Gs (e.g. Martin & Kennicutt 2001; Roediger et al. 2012; Pe-
of these tails can either be explained by minor-merging eventgers et al. 2017, and references therein). As such, we will use
by the disruption of the outer discs during infall, due to the strortige break radius to further discuss the structural and morpho-
tidal shear in the cluster centre (Whitmore 1993). Galaxies wiltgical evolution of LTGs inside the virial radius of the Fornax
asymmetric stellar discs (FCC113 and FCC285) could have ekister. To this aim, we also take into account the correla-
perienced similar mechanisms during infall, but after the clustéon of molecular gas distribution with the break radius, ob-
collapse (Whitmore 1993). Since these galaxies have tidal distserved for six LTGs in the sample. The CO(1-0) detection
bances similar to NGC 1427A, another possible mechanism {dabel et al. 2019) is within the uncertainties of the inner
this is that it was triggered by a recent By-by of another galaxylimeak radius (see Appendix B) implying that there could also
the cluster (Lee-Waddell et al. 2018). However, more analysis be a star-formation break e.g. in FCC290, as previously sug-
the Hi distribution of these galaxies are required to conbrm tigested (e.g. Rtkar et al. 2008; Stnchez-Blfzquez et al. 2009;
possibility of ram-pressure stripping acting on them (e.g Volim&hristlein et al. 2010). As the concentration of molecular
2003). gas within the break radius could have occurred as a conse-
FCC115, FCC302, FCC267, FCC306 are faint galaxigsience of a di erent mechanism from that of the disc-break
(mg " 16.6) with morphological typd > 7 (Sd-Sdm). The itself, further analysis on their stellar populations is required
former two have ill-debned spiral arms, and the latter two hat@conbrm this correlation.
faint spiral arms. As mentioned in the previous paragraph, these
galaxies could have experienced disruptions due to the gravitas .
tional potential well of the cluster core, during infall. Since prol%?z'l' Type lll disc break
togalactic clouds which are needed to form Sd galaxies are dgpe Il breaks in clusters are found in galaxies with past mi-
stroyed during the cluster collapse, these galaxies are dominggt/major mergers. Minor mergers can cause gas-inRows to-
at larger cluster-centric distances (Whitmore 1993). wards the centre of the primary gas-rich galaxy which steep-
ens the inner proble, and expands the outer proble as the
angular momentum is transferred outwards during the in-
teraction (Younger et al. 2007), while major mergers usually
FCC176 and FCC179 are classic examples of galaxies tranjproduce Type-lll SO galaxies (Borld et al. 2014). This pro-
sitioning into lenticulars (SO/SBO) in a dense environment. cess can also explain the presence of molecular gas close the
FCC290 also has similar disc structure to FCC179, such that center, inside their break radius.
the spiral arms are found only in their central regions (< 1R) FCC308 and FCC312 have boxy discs and morphological
whereas their outer-disc is devoid of any feature (including type T = 7, with Rares in their disc, showing signs of minor
star-formation blobs and molecular gas). Their discs resem- merger, as already stated. The disc break of these galaxies
ble the smooth structure, that is typically found in the discs could have also occurred as result of external mechanisms in
of SO galaxies.FCC176 and FCC179 are close to the clustée cluster environment, where the tidal shear of the cluster
core and are the redder and more massive LTGs of our sampt&e causes disruptions in their disc

7.1.1. Late-type spiral (Scd-Sdm) galaxies

7.1.2. Galaxies transitioning into SO
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FCC121 and FCC263 are barred-spiral galaxies which given to explain these Pndings. External mechanisms like
do not have cold gas beyond their break radius. Within their ram-pressure stripping (removal of cold gas) and strangu-
break radius, these galaxies also show strong star-formation lation (removal of hot gas), or stellar migration (e.g Rdokar
activity (molecular gas and bright blue knots, see Appendix. et al. 2008) have been found to cause reddening in clus-
B), whereas the outer disc of FCC263 does not show any signder LTGs (e.g. Steinhauser et al. 2016; Pranger et al. 2017).
of current star-formation, and in the case of FCC121, there The ram-pressure stripping or strangulation could have been
is a small fraction of bright knots along the spiral arms. Ex- responsible for the reddening in the outer Type Il discs
ternal mechanisms as previously stated, resultin the removal in FCC263 and FCC121, which are located (projected dis-
of gas during infall via tidal stripping by the halo potential tance) in the transition region from high-to-low density re-
(Larson et al. 1980) gion of the cluster, where the X-ray emission is decreasing
(see Fig. 1). For the other two Type Il galaxies (FCC267 and
792 Tyoe Il disc break FCC312) far away from the cluster core, with a signibcant

.2 lype [l disc brea color gradient between inner and outer disc, a di erent pro-
Models for Type Il breaks are linked to star-formation cess could have been responsible for the redder colors in the
threshold (e.g. Martin & Kennicutt 2001) and radial migra- outskirts. Both of them, show also evident signs of past merg-
tion of stars (e.g. Mart'nez-Serrano et al. 2009; Roediger ing (see Appendix B.7 and Appendix B.14)
et al. 2012). The stellar disc of early-type spirals tends to be ~ Simulations by Hwang et al. (2018) have shown that
more massive than their gaseous disc, which implies a star-LTGs entering a cluster could have encounters with ETGs,
formation threshold around their break radius (Martin & and during this phase, they can have strong star-formation
Kennicutt 2001). activity yet losing their cold gas, which can also cause the

The disc break in barred galaxies has also been asso-presence of bluer outer discs. This could be the case of

ciated with the bar radius and the Outer Lindlblad Res- Type Il galaxies inside the high density regions of the cluster,
onance(OLR) (see Mu—oz-Mateos et al. 2013; Laine et al.as FCC176 and FCC179 that show a color diierence larger

2014), like in the case of FCC176 than the error estimate (see Tab. 6) and an ongoing star for-
Flared discs in highly inclined galaxies like FCC115 mation in the centre (see Appendix B.4 and Appendix B.5)
(faintest galaxy) and FCC306 (bright dwarf) can produce a
less-pronounced break (see e.g. Bofllaet al. 2016). The dis- . .
ruptions in the outskirts of their discs may have resulted as a 8. Concluding remarks and future perspectives

consequence of the gravitational potential well of the cluster FDS data allow us to map the light distribution of galaxies
core. down to the faintest magnitudes where the eects of the envi-
FCC179 and FCC290 (Type II) are spiral galaxies with- ronment on the evolutionary stages of Fornax cluster galax-
out cold gas in their outer disc (see Sect. 5 and 7.1). Thejes can be studied in depth. In this work we have shown
former is located within the X-ray halo (see Fig. 1), while how such studies are especially useful in the analysis of disc
the latter is located beyond the X-ray halo. The break radius preaks, which in turn provides a ground in further analysis
of these galaxies are not only associated with the absence opf the stellar populations beyond the break radius
molecular gas in their outer disc but also the absence of spi-  Despite the limited size of our LTG sample (13 objects),
ral arms. Erwin et al. (2012) found that there was an absence the morphological segregation of LTGs inside the virial ra-
of Type Il proPles in Virgo cluster SOs, suggesting that the djus of the Fornax cluster is clearly detected and is consistent
Type Il proPles can transition into Type |, in a cluster envi- with previous results that suggest that high-density ETG-
ronment, or that Type | were turning into Type Il proPles (N0 dominated zones inhibit the formation of LTGs (5<T " 9)
models have predicted this yet). Type | was found to be more in g cluster environment.

common in early-type spirals and SOs (e.g. Erwinetal. 2012).  The break radius of LTGs in this sample not only shows
This would be consistent with our results of disc breaks used g break in the SB proble, but has also been used as a proxy

as proxy for morphological evolution of LTGs such that, if for understanding the morphological evolution of LTGs in a
FCC 179 and FCC 290 are transitioning into SO via external cluster environment. The averageg $ i colour of the outer
mechanisms, their Type Il probles could change to Type I disc i.e., beyond the break radius of LTGs, depends on their
morphological type. For galaxies detected in CO(1-0), if star
formation di! erences created their disc-breaks, then molec-
ular gas within their primary break radius debnes the break
radius.
We bnd that Type Il galaxies have bluer outer discs, while Further investigation on the stellar population content of
Type |l galaxies have redder outer discs. In addition, the the discs in LTGs from the Fornax3D data (Sarzi et al. 2018;
molecular gas detection is only within the break radius of six lodice et al. 2019a) and infall time via phase-space analysis
LTGs. Both bPndings might suggest that there is a stellar pop- (e.g. Rhee et al. 2017) could address the origin of the!dérent
ulation gradient across the disc (e.g. Bel& de Jong 2000). color gradients in Type Il and Type Il in the Fornax cluster.
Since we do not bnd any segregation inside the virial radius In a forthcoming paper, we provide a detailed comparison
of the cluster for Type Il and Type Il discs, this might indi-  of structure and evolution of LTGs in the cluster core and
cate that di! erent processes acted in dierent regions of the LTGs in the infalling SW subgroup centered on Fornax A
cluster. (M.A.Raj, H.-S.Su et al. in prep), which is a di erent envi-
There have been numerous studies concerning the outer-ronment mainly populated by LTGs (lodice et al. 2017b)
colour of LTGs with disc breaks (see e.g. Bakos et al. 2008; . teful to the anonvmous ref-
Roediger et al. 2012; Laine et al. 2016; Watkins et al. 2019, érceken?xliﬁgeunggpjlszg%ﬁ;?gsaiﬁ ;Tg;;g?iilgsgtrﬁat signibcantly ir)r/1proved this

and references therein), but no conclusive results have beenarticle.
This publication has received funding from the European Union Horizon 2020

7.2.3. What can the average (g $ i) colour of the inner and
outer discs of LTGs indicate?

Article number, page 15 of 39



A& A proofs:manuscript no. output

research and innovation programme under the Mari@dgikwvska-Curie grant Kregel, M. & van der Kruit, P. C. 2004, MNRAS, 355, 143

agreement n. 721463 to the SUNDIAL ITN network. Kuijken, K. 2011, The Messenger, 146, 8

This work is based on visitor mode observations collected at the European Caine, J., Laurikainen, E., & Salo, H. 2016, A&A, 596, A25

ganisation for Astronomical Research in the Southern Hemisphere under thef@ine, J., Laurikainen, E., Salo, H., et al. 2014, MNRAS, 441, 1992
lowing VST GTO programs: 094.B-0512(B), 094.B- 0496(A), 096.B-0501(B).arson, R. B. 1976, MNRAS, 176, 31

096.B-0582(A). Larson, R. B., Tinsley, B. M., & Caldwell, C. N. 1980, ApJ, 237, 692

This research has made use of the NABPAC Extragalactic Database (NED), Lavery, R. J. & Henry, J. P. 1988, ApJ, 330, 596

which is operated by the Jet Propulsion Laboratory, California Institute of Tedhee-Waddell, K., Serra, P., Koribalski, B., et al. 2018, MNRAS, 474, 1108
nology, under contract with the National Aeronautics and Space Administratiena, D., Robinson, A., Storchi-Bergman, T., et al. 2015, ApJ, 806, 84
E.l and M. S. acknowledge Pbnancial support from the VST project (P.I. Bn, C. C. & Shu, F. H. 1964, ApJ, 140, 646

Schipani) R Lucy, L. B. 1974, AJ, 79, 745
NRN acknowledges Pnancial support from the OOne hundred top talent progkgantin, C. L. & Kennicutt, Jr., R. C. 2001, ApJ, 555, 301
of Sun Yat-sen UniversityO grant N. 71000-18841229. Mart'n-Navarro, I., Bakos, J., Trujillo, I., et al. 2012, MNRAS, 427, 1102

GvdV acknowledges funding from the European Research Council (ERC) unfigirtnez-Serrano, F. J., Serna, A., DomZnech-Moral, M., & Dom’nguez-
the European UnionOs Horizon 2020 research and innovation programme und&enreiro, R. 2009, ApJ, 705, L133

grant agreement No 724857 (Consolidator Grant ArcheoDyn). Mastropietro, C., Moore, B., Mayer, L., et al. 2005, MNRAS, 364, 607

We thank Dr. Ignacio Trujillo and Dr. Johan Knapen for their suggestions amMhtthews, L. D. & Gallagher, I1I, J. S. 1997, AJ, 114, 1899

comments on the break radius of LTGs, and Dr. Crescenzo Tortora for his sNore, B., Katz, N., Lake, G., Dressler, A., & Oemler, A. 1996, Nature, 379,

gestions and comments. 613
We would also like to show our gratitude to Dr. Tim de Zeeuw for his insightgioore, B., Lake, G., & Katz, N. 1998, ApJ, 495, 139
on this work. Mu-o0z-Mateos, J. C., Sheth, K., Gil de Paz, A., etal. 2013, ApJ, 771, 59

Paolillo, M., Fabbiano, G., Peres, G., & Kim, D.-W. 2002, ApJ, 565, 883
Peng, C. Y., Ho, L. C., Impey, C. D., & Rix, H.-W. 2010, AJ, 139, 2097
Peters, S. P. C., van der Kruit, P. C., Knapen, J. H., et al. 2017, MNRAS, 470,

References 427
_ Pohlen, M. & Truijillo, I. 2006, A&A, 454, 759
Abadi, M. G., Moore, B., & Bower, R. G. 1999, MNRAS, 308, 947 Pota, V., Napolitano, N. R., Hilker, M., et al. 2018, MNRAS, 481, 1744
Bakos, J., Trujillo, 1., & Pohlen, M. 2008, ApJ, 683, L103 Pranger, F., Trujillo, I., Kelvin, L. S., & Cebrifn, M. 2017, MNRAS, 467, 2127
Bell, E. F. & de Jong, R. S. 2000, MNRAS, 312, 497 Rhee, J., Smith, R., Choi, H., et al. 2017, ApJ, 843, 128
Binggeli, B., Tammann, G. A, & Sandage, A. 1987, AJ, 94, 251 Richardson, W. H. 1972, Journal of the Optical Society of America (1917-1983),
Binney, J. & Tremaine, S. 1987, Galactic dynamics 62, 55
Blanton, M. R. & Moustakas, J. 2009, ARA&A, 47, 159 Rodrguez-Ardila, A., Prieto, M. A., Mazzalay, X., et al. 2017, MNRAS, 470,

Borlal , A., Eliche-Moral, M. C., Beckman, J., & Font, J. 2016, A&A, 591, L7 2845

Borlal , A., Eliche-Moral, M. C., Beckman, J. E., etal. 2017, A&A, 604, A119 : :
Borla . A., Eliche-Moral, M. C., Rodr'guez-PZrez, C.. et al. 2014, A&A, 5707°cdiger, J. C., Courteau, S., Stnchez-Bl¥zquez, P., & McDonald, M. 2012, ApJ,

A103 758, 41
Boselli, A. & Gavazzi, G. 2006, PASP, 118, 517 ROAKS.;’ EF‘7QE.;,4DIie7b9att|sta, V. P, Quinn, T. R,, Stinson, G. S., & Wadsley, J. 2008,

Bureau, M. & Freeman, K. C. 1999, AJ, 118, 126

Buta, R. J. 2011, arXiv e-prints Salo, H., Laurikainen, E., Laine, J., et al. 2015, ApJS, 219, 4

Cantiello, M., DOAbrusco, R., Spavone, M., et al. 2018, A&A, 611, A93 Sitnchez-Blizquez, P., Courty, S., Gibson, B. K., & Brook, C. B. 2009, MNRAS,

Capaccioli, M., Spavone, M., Grado, A., et al. 2015, A&A, 581, A10 398,591 _
Christlein, D., Zaritsky, D., & Bland-Hawthorn, J. 2010, MNRAS, 405, 2549 Sarzi, M., lodice, E., Coccato, L., etal. 2018, A&A, in press

Courteau, S. 1996, ApJS, 103, 363 Scharf, C. A., Zurek, D. R., & Bureau, M. 2005, ApJ, 633, 154
DOAbrusco, R., Cantiello, M., Paolillo, M., et al. 2016, ApJ, 819, L31 Schaye, J. 2004, ApJ, 609, 667 )
Davies, J. |, Bianchi, S., Baes, M., et al. 2013, MNRAS, 428, 834 Schipani, P., Noethe, L., Arcidiacono, C., et al. 2012, Journal of the Optical So-
Davis, T. A., Alatalo, K., Bureau, M., et al. 2013, MNRAS, 429, 534 ciety of America A, 29, 1359
de Jong, R. S. 1996, Journal of Astronomical Data, 2 Schlegel, D. J., Finkbeiner, D. P., & Davis, M. 1998, ApJ, 500, 525
de Vaucouleurs, G. 1959, AJ, 64, 397 Schrsder, A. 1995, PhD thesis, , UniversitSt Basel., (1995)
DOONofrio, M., Marziani, P., & Buson, L. 2015, Frontiers in Astronomy arfdchrdder, A., Drinkwater, M. J., & Richter, O.-G. 2001, A&A, 376, 98
Space Sciences, 2, 4 Spavone, M., Capaccioli, M., Napolitano, N. R., et al. 2017, A&A, 603, A38
Dressler, A. 1980, ApJ, 236, 351 Spiniello, C., Napolitano, N. R., Arnaboldi, M., et al. 2018, MNRAS, 477, 1880
Drinkwater, M. J., Gregg, M. D., & Colless, M. 2001, ApJ, 548, L139 Steinhauser, D., Schindler, S., & Springel, V. 2016, A&A, 591, A51
Elmegreen, D. M., Elmegreen, B. G., Combes, F., & Bellin, A. D. 1992, A&ATaylor, E. N., Hopkins, A. M., Baldry, I. K., etal. 2011, MNRAS, 418, 1587
257,17 Trujillo, 1., Aguerri, J. A. L., GutiZrrez, C. M., Caon, N., & Cepa, J. 2002, ApJ,
Erwin, P., Beckman, J. E., & Pohlen, M. 2005, ApJ, 626, L81 573, L9
Erwin, P., GutiZrrez, L., & Beckman, J. E. 2012, ApJ, 744, L11 Tully, R. B., Rizzi, L., Shaya, E. J., et al. 2009, AJ, 138, 323
Erwin, P., Pohlen, M., & Beckman, J. E. 2008, AJ, 135, 20 Valentijn, E. A., McFarland, J. P., Snigula, J., et al. 2007, in Astronomical So-
Fall, S. M. & Efstathiou, G. 1980, MNRAS, 193, 189 ciety of the Pacibc Conference Series, Vol. 376, Astronomical Data Analysis
Ferguson, H. C. 1989, AJ, 98, 367 _ ‘ Software and Systems XVI, ed. R. A. Shaw, F. Hill, & D. J. Bell, 491
Fujita, Y. 2004, Publications of the Astronomical Society of Japan, 56,29  yan der Kruit, P. C. 1979, A&AS, 38, 15
Fuller, C., Davies, J. I., Auld, R., et al. 2014, MNRAS, 440, 1571 van der Kruit, P. C. & Searle, L. 1981a, A&A, 95, 105

Gadotti, D. A. & Dos Anjos, S. 2001, in Astronomical Society of the PaciPgyn, der Kruit. P. C. & Searle. L. 1981b. A&A. 95. 116
Conference Series, Vol. 230, Galaxy Disks and Disk Galaxies, ed. J. G. Fujgfnola, A., Peletier, R., Laurikainen, E., et al. 2018, A&A, 620, A165

Ga%liiMHgoLrSigi’ Eiﬁ?zigj & Li, 2. 2018, ApJ, 862, 100 Venhola, A., Peletier, R., Laurikainen, E., et al. 2017, A&A, 608, A142
. L O% . J. I Y. H :
P st . ' ! ' g . Vijayaraghavan, R. & Ricker, P. M. 2013, MNRAS, 435, 2713
Grado, A., Capaccioli, M., Limatola, L., & Getman, F. 2012, Memorie dell@,(;||¥ner gB. 2003. AQA. 398. 525
Societa Astronomica Italiana Supplementi, 19, 362 Watkins, A. E., Laine, J., Comer—n, S., Janz, J., & Salo, H. 2019, arXiv e-prints

grillma‘;r,é:.;.éF{teelzIeri\]n,RK.l(é%zBiZkrj]elbcg. \]{ etal. 1994, ApJ, 422, L9 Whitmore, B. C. 1993, in Evolution of Galaxies and their Environment, ed. J. M.
unn, J. . ot i, J. . AR, ! Shull & H. A. Thronson

Hwang, H. S., Elbaz, D., Lee, J.C., et al. 2010, A&A, 522, A33 Younger, J. D., Cox, T. J., Seth, A. C., & Hernquist, L. 2007, ApJ, 670, 269
Hwang, J.-S., Park, C., Banerjee, A., & Hwang, H. S. 2018, ApJ, 856,160 01"\ "Davis, T. A.. Smith, M. W. L., et al. 2019, MNRAS, 483, 2251
lodice, E., Capaccioli, M., Grado, A., et al. 2016, ApJ, 820, 42 e ot R : ’ ’ ’

lodice, E., Sarzi, M., Bittner, A., Coccato, L., & et al. 2019a, A&A, submitted

lodice, E., Spavone, M., Cantiello, M., et al. 2017a, ApJ, 851, 75 . . o
lodice, E., Spavone, M., Capaccioli, M., et al. 2017b, ApJ, 839, 21 Appendix A: The Sample: Late Type Galaxies inside
lodice, E., Spavone, M., Capaccioli, M., et al. 2019b, A&A, 623, A1 . ;

Jedrzejewski, R. I. 1987, MNRAS, 226, 747 the virial radius

Jordtn, A., Blakeslee, J. P., C™tZ, P, et al. 2007, ApJS, 169, 213 ; : ; ; Fat ; _
Knierman. K.. Knezek. P. M.. Scowen. P., Jansen. R. A.. & Wehner, E. 20]1_51 this section, we give a detailed description of the main prop

ApJ, 749, L1 erties of each galaxy analysed in this paper.

Article number, page 16 of 39



M.A.Raj et al.: LTGs inside the Virial Radius of the Fornax Cluster

Appendix A.1: FCC113 diameter. These spiral arms contains a lot of dust, which can be
ninitgg$ i colour map at a level of 1.1 mag (see Appendix.
. This galaxy has a Type |l proble, with a break radius of 7.01
c, that is# 2.5 times the kective radius irr-band.

FCC113, is an Scdlll pec, was classibed as a star forming dv\%er
galaxy by Drinkwater et al. (2001), but is a late type lopsidag;
spiral galaxy with & ective radius 1.98 kpc. Unlike the other reg-
ular late type galaxies studied, as part of this paper, FCC113 is

located near the low-density region of galaxies in the virial ré&ppendix A.6: FCC263
dius of the Fornax cluster, at a projected distance of 1.209 d
This galaxy, following on similar substructures, explained in t
Sect. A.8. Drinkwater et al. (2001) point out to the ongoing st
formation of this galaxy, which can be seen in the bright knof
irregularly distributed in the northern regions of this galaxy. 2
appears to look like the galaxy is being pulled into the clust
centre, in the southern direction.

$C263 is classiped as a SBcd-lll, barred spiral, located at
ore= 0.79 deg from the cluster centre. With dregtive radius
2.06 kpc, this galaxy is detected in Bhd CO(1-0), showing
igns of ongoing star formation in its spiral arms (see Zabel et al.
919; Schrsder et al. 2001). This galaxy has a Type Il proble,
with a break radius of 2.32 kpc. Zabel et al. (2019) point out to
the irregular distribution of molecular gas, suggesting the pos-
sibility of tidal encounters or past minor mergers. Though we
Appendix A.2: FCC115 include this in our morphological segregation of regular spiral
alaxies at smaller projected distance to the cluster centre, it is
t clear if this galaxy is indeed within the X-ray halo or far-
fer away, yet appears to have its spiral arms stripped. The outer

projected distanc®ege = 1.05 deg from the cluster centre, ir\s photes are not aligned with the inner isophotes, and the galaxy

the low-density regime. From image B.2, the SB image show%qné(;ﬁrtgmkened along the direction pointing towards the clus
dust lane in the centre, which is presumably the spiral arm (see '

Appendix. B.2). This galaxy has a Type Il proble, with a break

radius of 1.47 kpc. The outer disc is bluer with the SB of 23.5%pendix A.7: FCC267

mag arcse@ at the break radius.

FCC115, an Sdm (edge on) galaxy, is the faintest galaxy in
sample. Due to the edge-on characteristics of this galaxy, i
di" cult to discern the presence of spiral arms. It is located a

FCC267, a Sm(IV) galaxy, is located at farthest projected dis-
tance (1.73 deg) from the cluster centre. This galaxyOs spiral
Appendix A.3: FCC121 arms are concentrated in the innermost regions with double nu-

. cleus. It has an!eective radius of 1.92 kpc. This galaxy has a
Also_kno_wn as the great barred sp|ra_l galaxy NGC 1365 _has bﬁ%e lll proble with a break radius of 1.43 kpc.
studied in the past mostly concerning the supermassive bla

hole present in its core. The bar of this galaxy has dust and star
formation that extends to the end of the spiral arms. With an éfppendix A.8: FCC285

fective radius of 12.74 kpc, this galaxy is located at a project%g: .
: _ C 285, also known as NGC 1437A , is an Sd-Ill galaxy. In the
distanceDeore = 1.06 deg from the cluster centre. It has a Typ, B image, the galaxyOs extended spiral arms are marked. This

:jlilsgroble, with a break radius of 18.46 kpc, and redder Outgalaxy is detected in H(Schrider et al. 2001) and studied in
' FIR (Fuller et al. 2014) and is located Btoe = 1.17 deg from
the cluster centre, with an ective radius of 4.90 kpc. According
Appendix A.4: FCC176 to the De Vaucouleurs system of classibcation, Sd galaxies are
: ., uspally di use, with a faint central bulge. These galaxies also
FCC176, also known as NGC 1369 is an SBa galaxy, .ConS'StEhEtje irregular star forming regions or star clusters spread out
a bar and an outer ring formed by its spiral arms. It is locat e Appendix B.8).NGC 1437A has a similar arrow-shaped op-

ir: th?. X-raé/_ regi;)?hs_ of ’l\lGC. 139698 il? thelt _centtral CIL.JSt?r' d-I(-j' cal appearance as NGC 1427A and seems to be travelling in a
€ ective radius of this galaxy IS 2.06 KpC. IL1S at a projected disg, ;ihe a5t direction (based on the location of its own star-forming
tanceDcore = 0.82 deg from the cluster centre. The asymmetry

: Rt X . MMENE yion) that is parallel with the orientation of NGC 1427A. The
halo (in the SE direction) and the outer ring which showmtnnsn[gigll ShZ)WS IoprB regions, and the top part is elongated with

characteristics in the disc, suggest that this is an early type sp{@ south. movina in opposite directions. NGC 1437A has about
galaxy (Elmegreen et al. 1992; Mastropietro et al. 2005), Wh&Ig i the Hrngss ag pNGC 1427A and the velocity drence
the star formation in the outer regions appears to be stalled. Rween these dirrs is 1150 kift-swhich is three times higher

?sall)alégrhv?/istr?;\)//grzggf)éoﬂ:%rc\;g?%f %f ?é?okgcr},;ge(%l:‘ﬁrg;ic than the velocity dispersion of the Fornax cluster (Lee-Waddell
6).The break radius is beyond the ring (OLR) of the galaxy ateéal' 2018) with no indication of recent tidal interactions.

SB of 22.20mag arcseé.
Appendix A.9: FCC290

Appendix A.5: FCC179 FCC290, also known as NGC 1436 is an Scll galaxy at a pro-

FCC179, also known as NGC 1386 is an Sa, Seyfert 2 gal ected distanc®.q= 1.05 deg from the cluster centre, located

. . > thin the X-ray regions of the central galaxy, with aneetive
located at a projected distanCore= 0.55 deg from the cen- ;g of 4.64 kpc. The inner spiral arms have about a size of 2
tral galaxy, in the X ray regions of the Fornax cluster. It h

! 1 . a%¥cmin consisting of dust lanes. As the spiral arms are concen-

a?.ét ectl\{e radius of 2.,['68 kt%C This gaIF?x()j/ has beAeg.Ia t?pg ted in the central regions (within 2Rof the galaxy, with a

golln7eresd concE_rnlng It'S ou ost (e.g.t CI) gglljgz'Br lna et g ggular shape of disc in the outer regions, this galaxy appears to
) and gas kinematics (e.g. Lena et al. )- Being in ttS‘ moving to an SO phase in its morphological evolution. This

hot, high-density regime of the Fornax cluster, the spiral ar : :
of this galaxy are concentrated in its central regions of 1 arcrigr%laxy has a Type Il proble with a break radius of 4.54 kpc.
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CO(1-0) detection (Zabel et al. 2019) shows presence of moléggh star formation surrounding the centre. The dust reddening
ular gas in its spiral arms, within its break radius (see Appendif. this galaxy makes the colour magnitude appear to be redder
B.9). than bluer, and is clearly visible in thge$ i colour map of this
galaxy (see Appendix B.14). The extended tail of the disc is at
25.6magd arcse@, which can be a sign of a recent minor merger
event or due to instabilities caused in the disc.

FCC302 is a diuse, nearly edge-on galaxy with fairly uniform

surface brightness, and possibly an irregular galaxy (Matthews R .

& Gallagher 1997), located at a projected distabDgge = 1.305 ABpendix B: The Sample: Images and probles

deg. It has an leective radius of 2.76 kpc and a companiom this section, we show thg:band VST images of LTGs inside

Appendix A.10: FCC302

galaxy close to symmetric centre of this galaxy (NED). the virial radius of the Fornax cluster, surface brightness proble
in terms of & ective radiusg $ i colour maps andy($ i) decon-
Appendix A.11: FCC306 volved (black) and original probles (grey). For 10 of the galaxies

with disc-breaks in our sample, we also mark the break radius on
FCC306, is a SBmlll, classibed as a dwarf galaxy by Drinkwattte g-band images in surface brightness (black dashed lines) and
et al. (2001). It is the smallest galaxy of the sample we preseftj$ i) colour probles (red dashed lines). For 6 galaxies that were
with an & ective radius of 0.94 kpc. Though past research sagstected in CO(1-0), we plot the CO contours(Zabel et al. 2019)
that there is no evidence of substructure because of its small vewhite.
locity dispersion in the Fornax cluster Drinkwater et al. (2001),
we speculate that there are spiral arms at a SB level of 29 mag in ) )
NW and SE directions marked in the contours of the SB imag®pendix C: Methodologies

(see Appendix B.12). FCC306 lies in the beam of FCC308 apd 4 meters of the best bt of LTGs with disc breaks are given in

has been conbrmed in a FLAIR observation withk 915+15 ;
: comE - Tab. C.1 with an example (FCC179) of the best bts produced by
1
km s** using emission lines (Schrider 1995). the algorithm shown in Fig. C.1, C.2, C.3.

Appendix A.12: FCC308 Appendix C.1: Reliability test

FCC308, also known as NGC 1437b, is an Sd galaxy, ayforder 1o test the reliability of the method of deconvolu-
projected distanc®qore = 0.3 deg to the bright dwarf galaxyE‘II

X . . ion we use, we adopt the method illustrated by Borla et al.
FCC306, with an kective radius of 4.46 kpc. The structure of>017 hereafter |3|-1p7)_ y
this galaxy is similar to that of FCC312. Sd galaxies are usl-- according to B+17, images are deconvolved using the fol-
ally edge-on, with ill-dePned spiral arms (Buta 2011). One ¢ ing operation:
say that the uneven distribution of star forming regions can be '

accounted for the spiral arms loosely wound, as marked in tResiduals= Image raw$ PS F) Modeka rit (C.1)
g $ i colour map of this galaxy (see Appendix. B.11). There is
a lot of dust present in the central regions of this galaxy, whi¢keconvolved image ModekaLriT + Residuals (C.2)

can be seen in thg $ i colour map as well as thg$ i colour Where PSF) Modekaierr is the 2D model (with best-

proPIe, where the dust extinction can be recognised out in tIglﬁ‘ed parameters) convolved with the adopted PSF, obtained

regions between 2-20 arcsec of the central galaxy. Flares on GALFIT3.0 (Peng et al. 2010) and\/lode[;ALF;T is the

outskirts of the disc is clear because of the deep images of F model obtaihed using the.best Dt,parameters of the galaxy

(see Appendix B.11). from PS F) ModekaLriT, i-€. the model of the galaxy without
PSF convolution.

Appendix A.13: FCC312 We apply this method to three of the galaxies in our sam-

: I ple: FCC179 and FCC290 (Type Il with a second break) and
FCC312, is an Scd galaxy, with high stellar mass, detecteddpcog3 (Type Ill). For each of these galaxies, we use ser-

Hi (Schrsder et al. 2001) and CO(1-0) (Zabel et al. 2019), aggh, single exponential disc models to deriv&ALFIT3.0mod-
studied in FIR (25@um, Fuller et al. 2014). It has ah ective ra- |5 with PSF convolution. We bx the parameters obtained
dius of 11.30 kpc and has been a topic of interest in the pasbm their PS F) Modeka riT to extract another model,
concerning its structure, molecular clouds and regions of SKbdeka 7 i.€., without PSF convolution. We then decon-
formation. The central regions show the traces of ongoing s{@five the images using the above method. We extract the sur-
formation, whlph can b_e seen in thes i colour proPle. Itis l0- 506 brightness probles usingllipse and (see Sect. 3) com-
cated at a projected distanBgqre = 1.59 deg from the cluster§;:e it with the method (LR algorithm) given by SP+17

centre. Being furt_her away from the high-density region_s of thgee Fig. C.4). We derive the break radius from the afore-
central cluster, this galaxy shows the most extended disc (beantioned radial probles. From Fig. C.4, it is clear that our
iness) Wh|ch is V|§|ble in the azimuthally averaged.SB IMag@gethod of deconvolution (LR algorithm) is consistent with
shown in Appendix B.14. It has a Type Il proble with a breate apove method, and that deconvolution does not &ct the
radius of 6.9; kpc, around the same regions of star ,forma“%ation of the primary break radius (within the #pg ) as well
(see Appendix B.14). The boxy shape of edge-on spiral galas the preak-type, as the break radius we estimate is within
ies is said to be related to the vertical distribution of light (Bye regions und ected by the PSF. In the case of FCC179 and
reau & Freeman 1999). Although past research (e.g Bureay-€c290, a possible secondary break radius occurs in the re-
Freeman 1999) suggest that the presence of a boxy or pe%g’ns that are d ected by the PSF, where the contribution of

shaped bulge is due to the presence of a bar, this galaxy scattered light is accounted for with deconvolution.
not display a boxy bulge, but rather a boxy disc, with regions of
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Fig. B.1. Surface Photometry of FCC113
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Fig. B.2. Surface Photometry of FCC115. SB image: Black dashed lines represent the break radius (Tggei)ldlour proble: Red dashed
lines represent the break radius normaliseRén
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Fig. B.3.Surface Photometry of FCC121. SB image: Black dashed lines represent the inner break radius (Type Ill) and outer break radius. CO(1-
contours are in white($ i) colour proble: Red dashed lines represent the break radius normalRed to
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Fig. B.4. Surface Photometry of FCC176. SB image: Black dashed lines represent the break radius (Tggei)ldlour proble: Red dashed
lines represent the break radius normaliseRén
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Fig. B.5. Surface Photometry of FCC179. SB image: Black dashed lines represent the inner break radius (Type IlI) and a possible second bre
radius. CO(1-0) contours are in whit@.& i) colour proble: Red dashed lines represent the break radius normaliRed to
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Fig. B.6. Surface Photometry of FCC263. SB image: Black dashed lines represent the break radius (Type Ill). CO(1-0) contours are in white
(9% i) colour proble: Red dashed lines represent the break radius normalRed to
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Fig. B.7. Surface Photometry of FCC267. SB image: Black dashed lines represent the break radius(Tygp# I)lxqlour proble: Red dashed
lines represent the break radius normaliseRép
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Fig. B.8. Surface Photometry of FCC285.
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Fig. B.9. Surface Photometry of FCC290. SB image: Black dashed lines represent the inner break radius (Type IlI) and a possible second bre
radius. Blue dashed lines represent inBef 2! . CO(1-0) contours are in whiteg( i) colour proble: Red dashed lines represent the break radius
normalised tdRe.
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Fig. B.10.Surface Photometry of FCC302.
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Fig. B.11.Surface Photometry of FCC308. SB image: Black dashed lines represent the break radius (Type 1ll) and blue dashed lines represe
B, + 2! . CO(1-0) contours are in whiteg { i) colour proble: Red dashed lines represent the break radius normalRed to
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Fig. B.12.FCC306 in zoom
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Fig. B.13.Surface Photometry of FCC306. SB image: Black dashed lines represent the break radius (Tggei)Izolour proble: Red dashed
lines represent the break radius normaliseRép
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Fig. B.14.Surface Photometry of FCC312. SB image: Black dashed lines represent the break radius (Type IIl). CO(1-0) contours are in white
(9% i) colour proble: Red dashed lines represent the break radius normalRegd to
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Table C.1.Parameters of the best bt of LTGs with disc breaks, inside the virial radius

object hin hout
slope rms residuals slope rms residuals

€] 2) 3)
FCC115 0.0% 0.03 0.02 0.1%* 0.07 0.02
FCC121 0.0z 0.11 0.02 0.1& 0.18 0.07
FCC176 0.04 0.06 0.09 0.0& 0.08 0.05
FCC179 0.04 0.07 0.08 0.0& 0.70 0.23
FCC263 0.120.14 0.08 0.0 0.02 0.02
FCC267 0.1# 0.03 0.02 0.9% 0.03 0.02
FCC290 0.0% 0.09 0.07 0.0% 0.10 0.08
FCC306 0.2¢- 0.01 0.01 0.2% 0.07 0.08
FCC308 0.1 0.05 0.05 0.0% 0.08 0.11
FCC312 0.0% 0.04 0.04 0.02 0.14 0.06

Notes.Col.1 - LTGs with disc breakol.2 - slope of the btted median modg}| and its correspondingns residualsCol.3 - slope of the btted
median modeh,,; and its correspondingns residuals
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Fig. C.1.(n+ 1) combinations of best bts on the inner and outer scale-lengths with minimal standard deviation, for FCC17$ Zhaange,
is represented with a red spline, arahge,; is represented with eyan spline modelangq, is marked in orange, whilsodelange,,, is marked in
green. The break radius is marked at the intersecting point. Rms residuals, errors of the intercept, and slope of the btted models for the inner

outer discs are mentioned in each plot.
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Fig. C.2. Appendix C.1 continued.

Article number, page 35 of 39



A& A proofs:manuscript no. output

Fig. C.3.Appendix C.1 continued.
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Fig. C.4. Deconvolved SB probles using $P7 method (black) and the method by Bdrlet al. (2017) (grey) over-plotted on the original (red)
probles for Type Il (FCC179 and FCC290) and Type Il (FCC263).
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Fig. C.5.Type Il Deconvolved (black) and original (red) problesihand with B marked in their corresponding colours of each probPle.
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Fig. C.6.Type lll (same as Fig. C.5)
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