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Resumen / En el marco del Proyecto Fornax de la colaboracién S-PLUS (S+FP por sus siglas en inglés),
analizamos la poblacién de galaxias en la direccién del cimulo de Fornax (D =~ 20 Mpc). Contamos con 23 campos
de 1.4° x 1.4° que cubren la posicién espacial proyectada de 999 galaxias de Fornax previamente reportados en la
literatura. 244 de estas galaxias fueron identificadas en los campos de S-PLUS con fotometria confiable en las 12
bandas épticas del relevamiento. Obtuvimos, ademés, los pardmetros estructurales y fotométricos de ~ 3 x 10°
galaxias detectadas en dichos campos. En este trabajo presentamos resultados preliminares de la caracterizacién
de la poblacién de galaxias del cimulo de Fornax con respecto a la poblacién de galaxias de fondo. Entre otros
objetivos, esperamos que dicha caracterizacion provea criterios fotométricos para identificar nuevos candidatos a
ser galaxias miembro del cimulo.

Abstract / In the context of the S-PLUS Fornax Project (S+FP), we analyze the galaxy population in the
direction of the Fornax cluster (D ~ 20 Mpc). We have 23 fields of size 1.4° x 1.4°, covering the projected
positions of 999 Fornax galaxies reported in the literature. 244 of those galaxies are detected with confident
photometry in our fields which were observed simultaneously in 12 photometric bands. Besides those of Fornax
galaxies, we obtained confident structural and photometric parameters for = 3 x 10° additional galaxies detected
in our fields. In this work we present preliminary results on the characterization of the galaxy population of the
Fornax cluster with respect to the background galaxy population. Among other goals, we expect that such a

characterization provides photometric criteria to identify new candidate members of the cluster.
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1. Introduction

The Southern Photometric Local Universe Survey (S-
PLUS) aims at mapping 9300 squared degrees of the
southern sky using 12 photometric bands in the optical
range: 5 broad bands similar to those used by the Sloan
Digital Sky Survey (SDSS; ugriz) and 7 narrow bands
tracing specific spectral features ([OII], Ca H+K, Hd, G-
band, Mgb triplet, Ha and Ca triplet). That goal will
be achieved performing 5 sub-surveys: the Main Survey
(MS), the Ultra-Short Survey (USS), the Galactic Sur-
vey (GS), the Marble Field Survey (MFS) and the Vari-
ability Fields Survey (VFS). For details about S-PLUS
and its sub-surveys, we refer the reader to [Mendes de
Oliveira et al.| (2019).

In the context of the MS, 23 S-PLUS fields were ob-
served in the region of the Fornax cluster and a project
aimed at performing the analysis of Fornax using those
data (the S-PLUS Fornax Project; hereafter S+FP)
started in 2020 (Smith Castelli et al.,|2021)). In this work
we present preliminary results on the analysis of photo-
metric and structural parameters of a sample of galaxies
in the direction of the Fornax cluster performed in the
context of the S+FP. As typical photo-z errors obtained
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using S-PLUS data are 2-3 times greater than the For-
nax mean redshift (o, = 0.02 — 0.03, (2)Fornax ~ 0.005;
Lima et al.|2022), it is not possible to identify new For-
nax members from photo-zs. However, characterizing
the galaxy population of Fornax from the background
using the 12-bands photometry of S-PLUS, might allow
us to establish photometric criteria to identify new For-
nax members. Through out this contribution we will
consider (m — M) = 31.51 for Fornax (Blakeslee et al.|
2009) and we will assume Hy = 70.5kms~ " Mpc~! (Ko-
matsu et al. 2009)).

2. Data

As part of the S+FP, we have calibrated photometry
and structural parameters for ~ 663000 objects de-
tected in the 23 S-PLUS Fornax fields using SEXTRAC-
TOR (Bertin & Arnouts, [1996). We further refer to this
sample as the full sample. In addition, we compiled
1057 galaxies reported in the literature as Fornax mem-
bers or candidates among which 999 are placed in our
fields. The rest of the objects (58 galaxies) are in sky
regions not yet observed by S-PLUS. All these galax-
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Figure 1: Spatial distribution of the restricted full sample
(RFS; grey), the background spectroscopic sample (BSS; or-
ange) and the Fornax spectroscopic sample (FSS; violet).
These are the three galaxy samples used in our analysis.

ies were visually inspected one by one in the aperture
images obtained from SEXTRACTOR in order to check
their correct detection in our images (that is, that SEX-
TRACTOR apertures are well centered in the objects and
properly cover the extension of the objects). Only those
galaxies with reliable apertures and, as a consequence,
with reliable S-PLUS photometry, will be considered in
our study. From our visual inspection, we obtained a
galaxy sample of 244 galaxies reported in the literature
with confident S-PLUS photometry and we will refer to
those galaxies as our Fornax cluster sample (FCS). 144
of those galaxies are spectroscopically confirmed For-
nax members (600 kms™! < cz < 3000 kms™', Mad-
dox et al||2019)) and we will refer to this spectroscopic
sample as our Fornax spectroscopic sample (FSS).

In order to discriminate unresolved sources from ex-
tended ones in the full sample, we used CLASS_STAR <
0.5 from SEXTRACTOR in the S-PLUS gri bands. The
calibrated photometric errors of the FCS were also used
to filter the full sample to discard spurious detections.
From these criteria, we obtained a restricted full sample
(RFS) of 7631 objects. Among them, 1353 are spectro-
scopically confirmed background galaxies and we will re-
fer to this sub-sample as our background spectroscopic
sample (BSS). In Figure we show the projected spa-
tial distribution of the RFS (grey), the BSS (orange)
and the FSS (violet) which are the three galaxy sam-
ples analyzed in this work, while in Figure[2] we show
the location of the three samples in the color-magnitude
diagram (CMD). From the CMD it can be seen that the
FSS define a tight sequence in comparison to the distri-
bution of the BSS.
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Figure2: Colour-magnitude relation of the RFS, the BSS
and the FSS. It can be seen that spectroscopic confirmed
members of the Fornax cluster define a tight color-magnitude
relation in comparison with spectroscopically confirmed
background galaxies. The color code is the same as in Fig-

ureE|

3. Results

It is well known that the color-magnitude relation of
galaxy clusters can be used as a membership criteria to
identify new cluster members (see, for example, |Chibou-
cas et al.|2010/for the Coma cluster). Using the 12-bands
photometry provided by S-PLUS, we aim at characteriz-
ing the galaxy population of the Fornax cluster from the
background in order to establish additional photometric
criteria to identify new Fornax members. To achieve our
goal, we plan to use all the geometric and photometric
parameters measured by SEXTRACTOR. Among others,
they include magnitudes and effective radius (rf7) that
will be used simultaneously to build membership criteria
avoiding selection effects.

In Figure[3|we present four panels showing separately
the spatial projected distribution of the FSS and BSS,
and the histograms where their similitudes and differ-
ences can be seen. The big circles on the left of each
panel, and the bars in the histograms, correspond to
the FSS, while the stars on both plots correspond to the
BSS. The top panels display the distribution of absolute
(left) and apparent (right) r-band magnitudes while the
bottom panels correspond to absolute (left) and appar-
ent (right) r. in the r-band.

We can see that both samples are well separated in
all those quantities. While the absolute parameters will
allow us to characterize Fornax with respect to the back-
ground population, the apparent information will allow
us to identify the values ranges expected for new For-
nax candidates. As it can be seen from the top left
panel of Figure[d] the FSS displays a broad and quite

*FLUX_RADIUS_2 in SEXTRACTOR which is the radius en-
closing 50% of the light of an object.

BAAA, 63, 2021



Calderén et al.

----- T T T T -12
[ @ Frssaan |7 % P ]
=32 [ % Bss329) o x " el ]
C :,: -14 —
o 4 ]
-33 | *4 ]
7 -16 -
-3 o ]
E ] E‘ 18 .
£-35 | 1E ]
;,*: ] = 2 E
—36 [® - *_ 1
P ] by
o 1 -22 -
-37 :— * oo _: 1
o :* * * Wk * ] ]
38 PR e *’*h’(i .;.:*.* : .:'. 13 - h
58 56 54 52 50 0.0 0.1
RA frac
T T T T T
PN L YR RN RARERLARE !
F o] 15 -
- > 11
-33 | b 4
C * ] ]
o 7 1.0 -
—34F 13 ]
+ 4 Q B
- 4 X
i -35 F 3= ]
o C ] ic::’ 0.5 —
e ] o N
-36 @ - ]
. 1 -
C ] 0.0 =
=37 |- - J
- * ]
- * 1 ]
BB Tay S W] st
58 56 54 52 50 0.0 0.2
RA frac

@ Fssaagy | * W T T TTE T v
=32 [ BSs(1353) * 5 ]
E °] 20 -
33 F o ,*: h
C * 3 .
. e * %1 18 2 d
F * @ * ] ]
-34 - o* * 3 ]
; - "A;‘: ] e .
o * ] ]
iz =35 +® 1 g ]
a BRI ] E ;
s P 1 “u 4
& e k. .
-36 (8 @ * e .
P ¥ ug® ——— ]
i (] ] ]
3 : *“,Q‘ A0, 4 12 -
=37 * XA ® 1 1
E e o2, 80 ]
E & g ] d ]
=38 [ & T wx 73«*‘* ‘;*7** :’ :' 3 10 .
PR P T i TP TR |
58 56 54 52 50 0.0 0.1
RA frac
FO Fssqan 1 %, 7 T % T 3
—32 [ % BSS(1353) g > P S ]
E :.‘: 16 _:
-33 3 3
E * ] 14 -
E 1% ]
o 1 912 3
C 18 .
6] C ] e ]
a7 F 1 S 3
Bk 12 ]
-t ] =4 ]
—36 i. - Los pi
- 1 0.6 -
37 F . ; E
: b * ] ]
o 5 * ] 0.4 -
- A X RS 1 .
=38 [ 4k B L :i x5 K . ]
PR BT | Fea L M |
58 56 54 52 50 0.0 0.5
RA frac

Figure 3: Top panels: Spatial projected distribution of the FSS and BSS colored according to the absolute (left) and the
apparent (right) total (SEXTRACTOR auto) magnitudes in the r-band (see the histograms at the left of each panel). The
big circles in the spatial distribution and the colored bars in the histograms correspond to the FSS. The BSS is shown as
stars in both plots. Bottom panels: The same as the top panels but for absolute and apparent effective radius (7).

homogeneous distribution in the range —22.5 mag <
Mr < —13.5 mag, with a peak at Mr = —15 mag,
which corresponds to a typical brightness of dwarf galax-
ies. On the contrary, the BSS shows a tighter lumi-
nosity distribution in which most of the galaxies dis-
plays —24 mag < Mr < —17 mag, with a clear peak
at Mr ~ —21 mag, indicating that this population is
dominated by luminous galaxies, as expected.

In the case of the apparent r-band luminosity (top
right panel of Figure7 the FSS shows a clear peak at
r ~ 16.5mag, while the BSS have a peak at a fainter
magnitude r ~ 18.5mag. In a search of new Fornax
members, objects with r > 18 mag should be consid-
ered with caution as galaxies with those brightnesses
and radial velocities all lie in the background. However,
other parameters should be analyzed before rejecting
those objects as likely Fornax members.

In that sense, r. could be a helpful parameter. From
the bottom left panel of Figure[3] we can see that
the FSS displays a tight distribution around a peak
of log(re) ~ 0.1 or 7. ~ 1.2 kpc, a behaviour that it
was observed in other galaxy clusters like Virgo
|Castelli et al.,|2013). On the contrary, the BSS is dom-
inated by larger galaxies with a broader distribution
where most of the objects display 0.8 < log(r.) < 1.6
or 6.3 kpc < 7o < 39.8 kpc. In apparent sizes, For-
nax is located in the range 1.0 < log(r.) < 1.8 or
10 arcsec < 7 < 63 arcsec while the background depicts
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mainly 0.6 < log(r.) < 1.2 or 4 arcsec S 7. < 16 arcsec.
Therefore, from the plots presented in Figure[3] we could
say that, at first order, bona-fide Fornax candidate
members should be searched within the objects display-
ing 9 mag < r < 18 mag and 10 arcsec < r. < 63 arcsec.
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