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Abstract. We report a multiwavelength study of active galactic nuclei (AGNs) in the Fornax
cluster using X-rays data from eROSITA, optical spectroscopic observations from MUSE, and
infrared imaging from WISE. The recently reported X-ray luminosity of Fornax cluster members
of FCC121 and FCC179, identifies them as AGN. We also estimate that the X-ray luminosity of
FCC184 is not reported; however, it is detected in the X-ray luminosity, and we estimate the
X-ray luminosity. Using optical emission lines, we classify the photoionisation mechanism as
classified those galaxies in different populations of FCC179 as star-forming galaxy, FCC121 are
classified as composite galaxy, and FCC184 is classified as low-ionisation nuclear emission-line
region (LINER). Even through X-ray observation, we found that FCC184 has a luminosity of
0.2 to 2.3 keV which is log Lx = 40.39 erg s~*, but its infrared properties are not typical of
an AGN. Neutral hydrogen is detected in these three galaxies. Interestingly, FCC179 the HI
morphology could be from AGN feedback. These multiwavelength observations reveal different
types of AGN populations that play an important role in the cluster environment.

1 Introduction

Active galactic nuclei (AGN) are energetic objects that are powered by the accretion of matter onto a supermassive
black hole (SMBH) in the central regions of the galaxy. These objects can generate a significant amount of
radiative energy across the electromagnetic spectrum. According to the unified model [1] and based on their
physical properties, AGNs are broadly classified according to the line of sight of the observers to the accretion
disk. This central region is surrounded by a toroidal structure of dust and gas, which can lead to vastly different
appearances when observed from different viewing angles. Depending on how much dust is found along the line
of sight, AGNs can be classified into two main types: Type 1 AGN and Type 2 AGN. Type 1 AGNs (unobscured)
are those in those where we have a direct line of sight towards the central engine, while Type 2 AGNs (obscured)
are those where dusty clouds block our view of the accretion disk and the broad-line region.

Massive galaxies are believed to have a SMBH with a mass in excess of > 109M@ at the centre; however, in
most cases the SMBH is inactive [2]. SMBHs accrete most of their mass through AGN activity [3] and mergers.
AGN activity in merging galaxies is obscured, both by dust in the optical and UV wavelengths, and by atomic gas
in the X-ray regime. Numerical models [4] suggest that AGN activity plays an important role in quenching star
formation in massive galaxies through a process referred to as AGN feedback, in which the energy released from the
AGN (either radiatively or mechanically through jets) heats and removes the cold gas reservoirs. However, major
mergers trigger intense episodes of star formation and obscured AGN activity [4]. With the complex nature of
AGN, multiwavelength observations are crucial to gaining a better understanding of the physics of AGN structure,
formation, and evolution and their role in the host galaxy.

The Fornax cluster, one of the closest clusters in the Southern Hemisphere, is actively assembling mass, and
with dense physical processes [S]. Several multi-wavelength observing campaigns were conducted to better un-
derstand the cluster environment and the mechanisms driving galaxy transformation. These include deep-optical



imaging from the Fornax Deep Survey (FDS) [6, 7], which aimed to explore the structure and evolution of low-
surface brightness features of dwarf galaxies. The MeerKAT Fornax Survey, which focusses on neutral hydrogen
(HI) maps, and to trace the gas content in the galaxy [8, 9]. The Fornax3D survey [10], uses deep integral field
spectroscopic observations for 33 bright galaxies within the virial radius of the Fornax cluster and provided de-
tailed internal kinematics, dynamical structures, and evolutionary histories within the cluster. In the Fornax cluster
there are different types of galaxies that provide a unique laboratory for understanding the role of AGNs in dense
environments.

Recently, eROSITA observation of the Virgo and Fornax clusters shows that the detected X-ray sources are 50
and 10, respectively, and the X-ray AGN occupation rate is 3% in both clusters [11], which is less than in the field.
In the Fornax cluster, 10 galaxies are detected by soft X-ray, and only one of them, FCC121, is detected by hard
X-ray with a 2.3-5 keV luminosity of 6.6 x 10*ergs=! [11].

In this paper, we used two AGN selection techniques to confirm sources detected by X-rays in the Fornax
cluster, which should allow an understanding of the role of AGN in the cluster environment. This paper is arranged
as follows. In Section 2, we describe the available multiwavelength observations. In Section 3, we describe the
results and discussion of the multi-wavelength observations and AGN classified in the Fornax galaxies. In Section
4, we summarise the main findings of this work. Throughout this paper, we assume a standard ACDM cosmology
with Hg = 70 km s™! pc™!, Qa = 0.7, and Qj; = 0.3, and all magnitudes present in the AB system and the
wide-field infrared survey Explorer (WISE) Vega system.

2 Multi-Wavelength Observations

In this study, we used publicly available data from the Spectrum-Roentgen-Gamma/eROSITA all-sky survey, op-
tical spectroscopic data from Multi-Unit Spectroscopic Explorer (MUSE), and infrared data from WISE imaging.
These three multi-wavelength observed galaxies are FCC121, FCC179, and FCC184. These galaxies are gas-rich,
neutral hydrogen detected with MeerKAT, the detailed analysis of ionised gas properties for those galaxies found
in Zewdie et al. (in preparation).

2.1 eROSITA X-ray Data

We used a publicly available X-ray detected source catalogue [12] from the eROSITA all-sky survey [13]. The
survey includes a soft band (0.2 to 2.3 keV) and a hard band (2.3 to 5 keV). Recently, Hou et al. [11] studied
the X-ray detected AGNs in the nearest two clusters, namely Virgo and Fornax. They used a 10 arcsec radius to
cross-match for both clusters, which corresponds to the physical scale of 0.8 kpc and 1.0 kpc, respectively. We
repeated their experiment and found FCC184 with a 9.56 arcsec separation distance, which is 0.86 kpc. Therefore,
we also estimate the X-ray luminosity of FC184 and find that at 0.2 to 2.3 keV it is log Lx = 40.39 erg s~ ! and
the X-ray luminosity of FCC121 and FCC179 is 41.31 and 40.23 erg s~ !, respectively [11].

2.2 MUSE Optical Spectroscopy data

The VLT/MUSE offers a field of view (FoV) of 1 x 1 arcmin?, with a spatial sampling of 0.2 x 0.2 arcsec?
per pixel. It covers a wavelength range of 4560 to 9300 A, with a spectral sampling of 1.25 A per pixel and a
spectral resolution of ~ 2.5 A14]. A large number of galaxies in the Fornax cluster were targeted within the
MUSE observations with the Fornax3D survey [10], which targeted galaxies brighter than g = 15 mag in order
to provide spatially resolved spectroscopy. We extracted nuclear spectra from the centre using 2 arcsec apertures
and fit Gaussian profiles for He, [NII], [OIII], and HB wavelengths. We used these four optical emission lines
to classify galaxies according to their photo-ionisation mechanism using the Baldwin, Phillips & Terlevich (BPT)
diagram [15]. With this BPT classification, we can classify galaxies as star-forming, AGN (Seyfert or LINER), or
composite regions of both star-forming and AGNss.

2.3 WISE data

The WISE mission observed the full sky in four mid-IR photometric bands, centred at 3.4, 4.6, 12, and 22 pym
(named W1, W2, W3, and W4), respectively. We used WISE colours to investigate the existence of IR-obscured
AGN activity in the Fornax cluster. We used the colour cut for WISE AGN, W1 — W2 > 0.7 mag, and provided a
sample with 90 percent reliability [16].

3 Results and Discussion

3.1 Multiwavelength observations of AGNs in the Fornax cluster

The Fornax cluster is targeted with different instruments, all archival observations, mostly from all-sky surveys.
We emphasise that each wavelength probed gives a better understanding of different types of AGN populations.
We are interested in sources detected by X-rays in the Fornax cluster [11]; however, only two of these sources have
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Figure 1: All soft X-ray detected galaxies in the Fornax cluster. The magenta dots are reported by Hou et al. [11]
and the red star are our targets. FCCI121 is hard X-ray detected. However, FCC184 was not reported as X-ray
detected by Hou et al. [11], we estimated the X-ray luminosity and found that it to be the range of the X-ray
luminosities reported in the Fornax cluster.
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Figure 2: (left) The BPT diagram for the three multiwavelength observed galaxies (red stars) in the Fornax cluster.
FCC121, FCC179 and FCC184 are classified as composite Star-forming galaxies and a LINER, respectively. The
dashed line shows the [17] separation between pure star-forming and composite galaxies (mix of starburst and
AGN:s). The solid line represents the Kewley et al. [18] division between composite galaxies and AGN dominant
and the dashed-dotted line shows the separation between Seyfert 2 and LINER sources [19]. (right) The horizontal
dashed line is the WISE AGN cur, W1-W2>0.7 [16]. The green square are HI detected galaxies with MeerKAT
[20], the magenta star are X-ray detected AGN candidates [11], the black dots are Fornax member galaxies from
FDS [21] and the red star are the three the targets.

optical spectroscopic observations. We also found one X-ray-detected source, FCC184, which was not previously
reported as X-ray-detected sources. All galaxies are also detected with MeerKAT. Figure 1 shows the 10 soft X-



ray sources [11] including FCC184. All soft X-ray luminosities are > 39 ergs—*

genuine X-ray AGN that has X-ray detection.

As shown in Figure 2, FCC179 can be classified as X-ray detected galaxies; however, with BPT it is a star-
forming galaxy, and this might be the ionisation radiation could be obscued or diluted by tourus. Interestingly,
FCC121 is classified as a composite galaxy; however, this galaxy is detected in both soft and hard X-ray bands and
WISE colour selection can clearly be classified as an AGN. Hou et al. As can be seen in Figure2, all X-ray-detected
sources [11] also detected in WISE, however, it does not classify them as AGNs. We also looked at those galaxies
with optical spectroscopic observations and three of them are observed by MUSE and the WISE classification as
shown in Figure 2, FCC121 and FCC179 are classified. FCC184 is classified, according to the BPT, as a low
luminosity AGN. However, this galaxy in the WISE W1 and W2 mag is quite similar, which leads to this galaxy
not being classified as an AGN by WISE.

Figure 3 shows the Ha map with the HI column density overplotted. The strong Ha emission in the centre is
likely coming from AGN for each of the galaxies. The figures for FCC121 and FCC179 clearly show the HI gas
distribution and, in particular, the HI gas in FCC179 seems to be the HI gas pushed away by the AGN central
HI likely by AGN feedback clearing gas.
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Figure 3: The Ha emission maps for the three galaxies that we highlight in this paper. MUSE observed and HI-
detected sources. The Left (FCC121) and meddle (FCC179) panel are the HI detected resolved clearly, and the
FCC184 (right-panel) the HI not resolved.

4 Conclusions

We used a recently published released X-ray source catalogue from eROSITA to identify X-ray-detected galaxies
in the Fornax cluster. Then we looked at archival data from MUSE and WISE to supplement the radio and X-ray
observations. We found three X-ray-detected sources observed with MUSE, WISE, and MeerKAT and discuss
their details here. From these three galaxies, FCC121 is the only one classified as an AGN with all the selection
criteria investigated here. FCC179 is classified as a WISE AGN; however, the BPT classification classifies it as
a star-forming galaxy. This suggests that the galaxy could be heavily obscured by dust. Interestingly, the HI gas
morphology can show feedback and likely shows AGN pushing gas away. From our multi-wavelength observations
data, the X-ray luminosity of FCC184 is quite similar to the X-ray luminosity of FCC179, and classifies as AGN
with BPT, whereas the WISE data does not. These LINER-like emission could be produced by stellar mechanisms,
such as hot post-AGB stars. This study shows that sources are classified differently by classification schemes in
different wavelengths and highlights the need to study sources with multi-wavelength data.
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