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Abstract: In this work, we performed X-ray data analysis to understand possible interactions between inter-cluster 
medium and member galaxies within Abell S0296 cluster environment. X-ray point-like sources are detected using 
source detection algorithms. We performed log N - log S in the energy range of 2-10 keV to measure X-ray source 
number density. The mean intra-cluster medium temperature, abundance, gas density, pressure and X-ray luminosity 
are found kT = 2.26 ± 0.15 keV, Z = 0.18 ± 0.03 solar, ρ = 2.52 ± 0.23 × 10−3 cm−3, P = 5.70 ± 0.64 × 10−3 keV cm−3 

and LX = 1.23±0.1 × 1043 erg s−1, respectively. We find a slightly higher X-ray source over density for Abell S0296 
relative to non-clustered fields. Our result reveals that X-ray sources are fainter than expected. Due to lack of high 
luminous X-ray sources within Abell S0296’s cluster potential well, we find evidence that X-ray sources are 
quenched due to the influence of high cluster mass. We conclude that the main X-ray emissions from point-like 
sources are produced by X-ray binaries and/or low-luminous active galactic nuclei. 

Keywords: galaxies: active – galaxies: clusters: general – X-rays: galaxies: clusters: intracluster medium – galaxies: 
clusters: Abell S0296  

 

1.  INTRODUCTION 
 

Clusters of galaxies are the largest cosmic laboratories that allow us to study the evolution of the universe in detail. 
Detailed investigations of clusters of galaxies revealed many interesting phenomena of the universe. With an advent 
in space technology, it has been possible to study the evolution of galaxies and galaxy clusters. Interestingly, 
detailed X-ray investigations reported an existence of hot inter-cluster medium (ICM) surrounds galaxy clusters 
vicinities. Unfortunately, the influences of the galaxy cluster environments on the galaxy evolution have not still 
fully understood. Further investigations are still required to understand the evolution of galaxies within the cluster 
vicinity.  

X-ray source density comparisons between galaxy clusters and non-clustered fields have resulted in an over density 
phenomena in a favour of galaxy clusters (e.g. [1], [2], [3], [4], [5], [6], [7]). Even so the over density phenomenon 
is intrinsic for galaxy clusters; it is not certain whether X-ray sources are suppressed or triggered in the cluster 
environments. Whereas several over density investigations demonstrated suppressions of X-ray sources in the 
cluster environments [5], [6], [8], [9], the number of the results in favour of triggering of X-ray sources in the galaxy 
clusters cannot be ignored [10], [11], [12], [13], [14]. Caglar & Hudaverdi (2017) attempted to answer suppression 
triggering for nearby galaxy clusters. They found evidence for suppression of X-ray sources in the central parts of 
galaxy clusters, whereas X-ray sources are triggered through the outskirts of the galaxy clusters. In the literature, the 
very bright X-ray sources are generally used to understand triggering/suppression phenomena, namely Active 
galactic nuclei (AGN). However, the number of AGNs is rare in the galaxy clusters [7].  
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The main astrophysical X-ray emission mechanisms are diffuse hot gas, X-ray Binaries (XRBs) and accreting 
supermassive black holes (SMBHs); therefore, studying dynamical events are key to understand galaxy evolution. In 
case of absence of AGNs, the off-nuclear sources produce X-ray emission for the quiescent galaxies (e.g. [15], [16], 
[17]).  

In this study, we aim to study the interaction between Abell S0296 and its member galaxies (hereby AS0296). We 
also intend to measure the X-ray density of AS0296. Our paper is organised as follows: Section 2 reviews 
observation, data reduction and analysis process. Section 3 describes our measurement method for X-ray analysis. In 
section 4, we discuss our results due to suppression phenomena, and we present our conclusions. We adopt WMAP 
standard cosmological parameters H0 = 70 km s−1 Mpc−1, ΩM = 0.3 and ΩΛ = 0.7 in a flat universe.  

2. OBSERVATION, DATA REDUCTION AND ANALYSIS  
 
We used archival data of the XMM-Newton, which were gathered from the XMM-Newton Science Archive (XSA). 
The observation of AS0296 (OBS ID 0555220301) was performed with a thin filter on 26/02/2008 in full frame 
mode for MOS and extended full frame mode for pn. The XMM-Newton data were processed by using heasoft 6.25 
and XMMSAS 17.0.0, and data reduction is explained by Caglar & Hudaverdi (2017) in detail.  

2.1 Spatial and Spectral Analysis 

SAS source detection algorithms are used to obtain point-like X-ray sources. The SAS taskedetect_chain-3.14.1 was 
performed using the energy range of 0.2-12.0 keV adopting likelihood values above 10 (about 4 σ) and inside an off-
axis angle of 14.5 arcmin. The X-ray source list was combined with SAS task srcmatch-3.18.1 for MOS and pn 
cameras. The spectral files are produced by using SAS tasks: evselect-3.62, rmfgen-2.2.1 and arfgen-1.92.0. 
Background spectra were extracted from an annulus surrounding the circular source region. Spectral file areas are 
calibrated performing backscale-1.4.2. Spectral fittings were performed with XSPEC-12.10.1 [18] using redshift 
dependent photoelectric absorption model ZTBABS and power law within an energy range of 0.3 - 10.0 keV for 
point-like X-ray sources, and bad data were subtracted from spectra. In addition, thermal plasma model APEC was 
modelled adopting the abundance table by Lodders (2003) [19].  

2.2 Sensitivity of the Survey 

The sky coverage represents the survey area of the observed source and decreases with flux due to instrumental 
effects. The sensitivity of our cameras is estimated using SAS task esensmap-3.12.1. The energy conversion factor 
(ECF) was calculated with XSPEC model (tbabs×power) with a fixed photon index of 1.7 and a fixed total galactic 
hydrogen column density value. The resulting sky coverage of cameras was used to calibrate the number of X-ray 
sources that can be detected with the sensitivity of our cameras.  

3. METHOD 
 
3.1 Log N – Log S 
The number of sources per unit sky area with the flux higher than S, N (> S), can be defined as: 

𝑁 > 𝑆 =  
1
Ω!

!

!!!

 𝑑𝑒𝑔!! 

where n is the number of detected sources, Ω! is sky coverage for the flux of the ith source. Fig. 1 shows log N-log S 
for our samples and their comparison with Hubble Deep Field North hole result, which was calculated by Caglar & 
Hudaverdi (2017). Due to low cosmic variance (15%) within 2-10 keV energy range (e.g., [20], [21]); hence, we 
concentrated on 2-10 keV flux values for our log N - log S measurements.  

3.2 Physical ICM Parameters 
We performed a spectral analysis to obtain average physical parameters for ICM. The spectral files are generated 
within 6.5 arcmin radii. The X-ray background was subtracted from spectra using background spectra, which is 
generated from an annular region of 12 – 13 arcmin. We fit spectra with free kT, abundance and normalisation and a 
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fixed hydrogen column density and cluster redshift. The average gas densities are obtained from the following 
equation 

𝑁𝑜𝑟𝑚 =  
10!!"

4𝜋(𝐷! 1 + 𝑧 )!
 𝑛! 𝑛!𝑑𝑉 

where DA is the angular diameter distance, ne (electron density) ∼ 1.2 nH (hydrogen density) for a fully-ionised 
cosmic plasma. Finally, the specific pressure for AS0296 is obtained adopting P = kT ne [22], where kT is plasma 
temperature. The resulting ICM parameters are presented in Table 1.   

4. DISCUSSION and CONCLUSION  
 

We performed XMM-Newton data analysis for AS0296. A total number of 72 sources are detected within 14.5 
arcmin (see Fig. 1). Only 29 X-ray sources are found to be higher than limiting flux 1×10-14 erg cm−2 s−1. Therefore, 
log N - log S was performed for this sources at limiting flux value of 1×10-14 erg cm−2 s−1. We compared log N - log 
S results for AS0296 and Hubble Deep Field North [7]. The comparison clearly demonstrates that the X-ray source 
density of AS0296 is slightly higher relative to Hubble Deep Field North (see Fig. 1). However, this difference is 
only found with an offset of 0.2 dex. Overdensity investigations of galaxy clusters demonstrate that the number of 
X-ray sources is relatively higher in the majority of galaxy clusters than non-clustered fields. Firstly, Cappi et al. 
(2001) found a 3.5 σ studying two high-redshift galaxy clusters. Other systematic investigations also demonstrated 
increased source density in high-redshift galaxy cluster environments with an excess > 2 σ (e.g., [23]). In the 
meantime, low-redshift investigations revealed that the excess in galaxy clusters are also intrinsic for nearby 
universe [3,7]. In the nearby universe, this excess seems to be due to low luminosity AGN associated with the 
galaxy cluster, and high luminous AGNs are rare in galaxy cluster environments. Caglar & Hudaverdi (2017) 
concluded that point-like X-ray sources are suppressed by ICM pressures that force member galaxies to lose their 
significant amount of fuel. To consider ICM related effects, we fit ICM spectra with a single thermal model. The 
resulting ICM temperature and abundance are found to be kT = 2.26 ± 0.15 keV, Z = 0.18 ± 0.03 solar. In addition, 
we estimated mean gas density ρ = 2.52 ± 0.23 × 10-3 cm−3 and average pressure P = 5.70 ± 0.64 × 10-3 keV cm−3. 
The X-ray luminosity of ICM is also found to be relatively faint LX = 1.23 ± 0.1 × 1043 erg s−1. These results indicate 
that AS0296 hosts a metal-poor, low-density, cold and faint ICM. In Table 1, we present the spectral analysis 
results for the ICM. 

 
Figure 1: Left: XMM-Newton mosaic image demonstrating 72 point-like X-ray sources within the field of view. Right: log N – log S estimated 
in the energy range of 2-10 keV. The grey dashed lines represent 1σ statistical error. The red solid line is the expected X-Ray source density from 
the Hubble Deep Field North, which is provided by Caglar & Hudaverdi (2017).   

A recent study reported an anti-correlation between X-ray source fraction and cluster mass [24]. The cluster’s total 
and gas mass of AS0296 is reported as Mtotal (< r500) = 1.40 ± 0.21 × 1014 M⊙ and Mgas (< r500) 5.47 ± 0.92 × 1012 M⊙ 
by Sanderson et al. (2013), respectively. The lack of high luminous X-ray sources can be explained by the high X-
ray mass of AS0296. Since there is no optical redshifts information for any of our X-ray source in the literature, we 
assumed the cluster’s mean redshift into our X- ray luminosity calculations. The central galaxy of AS0296 (XMMU 
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J024637.1-422201) is found to be a low-luminosity AGN (log LX = 41.43 erg s−1), whereas there is only one X-ray 
AGN (XMMU J024550.3-423104) within 1.2 Mpc radius of AS0296. This source is located at the outskirt of 
AS0296, and X-ray properties of this source results in an X-ray luminosity log LX = 42.20 erg s−1 and hardness ratio 
HR= −0.42±0.11. In conclusion, X-ray sources of AS0296 are suppressed within AS0296’s potential well. In 
addition, some of the X-ray sources are probably buried inside the ICM; therefore, we cannot detect them. The main 
astrophysical sources responsible for X-ray point-source emissions are X-ray binaries and low-luminosity AGNs. 
Finally, further optical investigation and offset X-ray observations are required to understand the evolution of 
galaxies within AS0296.  

Table 1: The resulting ICM parameters obtained from the  spectral analysis.
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