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Abstract

We studied the X-ray source properties of two nearby (z<0.02) clusters of galaxies
A194 and A1060 and compare our findings to the non-cluster fields in order to under-
stand the nature of point sources in the cluster environment. A multi-band source
detection technique is applied. The relative count rates of the detected sources are
then used to produce X-ray colour diagrams for a better diagnostic of different type
of sources and a classification of statistically insufficient sources. X-ray to optical
luminosity ratios (Lx/Lb) are evaluated for selected galaxies. Cumulative log(N)-
log(S) and intrinsic luminosity functions are applied for a comparative evaluation
with Lockman Hole. We detect 46 and 32 X-ray point sources by EPIC-PN, for
A194 and A1060 respectively The integrated log(N)-log(S) distributions estimate a
significantly higher number of sources in cluster field at the flux limit of Fx=10E-14
ergs cm−2. Based on the estimated X-ray luminosity function (XLF) space density
of the sources, we found a significant excess compared to field and local group space
density. The luminosity range is really faint (39.6<log(Lx)<40.8 ergs s−1, which is
possibly contaminated by LXMBs, hot halo, star forming and low luminosity active
galactic nuclei (LLAGN). Based on our results, we say that the x-ray emission is
induced by infall as also reported by Chandra observations which may also explain
that the brighter members locates at the outskirt of cluster. When we look at the
XLF from the brighter end we see that our sample is lack of very luminous AGNs.
Since our clusters are nearby, only the central region is covered. The absence of
bright AGNs could be explained; as the galaxies further fall into central regions
they quench and get fainter.

1 Introduction

X-ray studies of point sources within clusters are somewhat difficult, because observa-
tions of the galaxies are normally impeded by luminous diffuse emission of the Intra-
Cluster Medium (ICM) and limited angular resolution of the telescopes. Recently,
equipped with unprecedented spatial resolution and positional precision instruments,
XMM-Newton and Chandra are uncovering higher fractions of galaxies in cluster fields
compared to non-cluster fields.

Optical surveys suggest that AGNs are relatively rare in clusters compared to the
field (Osterbrock 1960, Gisler 1978, Dressler et al. 1985 & 1999). Several high-redshift
clusters of galaxies have been reported to have an overdensity of X-ray point sources
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on their outskirts, which is naturally attributed to infall related fueling of active nuclei.
Cappelluti et al. (2004) conducted a systematic analysis of the X-ray source population
around 10 distant clusters (0.24≤z≤1.2). They found excess values relative to the non-
cluster fields more than a factor of 2σ per field. Ruderman & Ebeling (2005) analyzed
Chandra data of 51 clusters and detected 8σ significant excess in the point-source density
within 3.5 Mpc of cluster centers.

In this paper, we report the X-ray point sources observed in the field of two nearby
clusters (figure 1) A194 (z=0.018) and A1060 (z=0.0114). As being relatively faint,
spherically symmetric and being populated by bright galaxies our sample is favorable to
study. We adopt Ho=75 km s−1 Mpc−1 and deceleration parameter of q0=0.5.

Figure 1: Adaptively smoothed XMM-Newton EPIC images of A194 (left) and A1060
(right) clusters in 0.3-10 keV band. Images have the size of 25′ × 25′ and pixel-size of
5′′. The smoothing and contrast are selected in order to highlight point sources.

2 Data Analysis

We use X-ray data obtained by XMM-Newton observations which cover a major portion
of the cluster emission with large collecting area. The routine filtering and cleaning steps
are applied (Hudaverdi M. et al. 2006). Data are clipped above and below 2.7σ of the
average count rate and filtered events are produced.

2.1 Source Detection

We performed multi-band source detection on the EPIC images in the soft band of
0.3−1 keV (S), medium band 1−1.6 keV (M), and hard band 1.6−10 keV (H). The
main concern with this energy selection is to identify diversity of sources with relative
sensitivities at different energy bands. Principally, the diagnosis of intrinsic absorption

2



effects and power-law emission is intended. This energy selection also splits the counts
evenly which is statistically more favorable. The final lists are prepared with the SAS
command ”SRCMATCH”. With the source detection routines mentioned above, the final
merged lists contain 56 and 32 point sources for A194 and A1060, respectively. The
Lockman Hole observations are used as reference field.

3 log(N)-log(S)

Figure 2: Left panel: log(N)-log(S) of the identified sources of our samples A194 (triangle
-4) and A1060 (box - �) is compared with the field of the Lockman Hole (Hasinger et al.
2001). The dotted lines show the statistical and calibration errors. Right panel: log(N)-
log(S) for Lockman Hole is fitted with a power-law model N(> S) = K×S−α. The best
fit values are α = 1.16+0.20

−0.25 and K = 1.45×10−14 deg−2. The model and the Lockman
Hole plot of Hasinger et al. (2001) are shown in black and gray lines, respectively. Error
bars represent 1σ statistical constraints and 10% absolute calibration errors (Kirsch
2006). Survey area, Ω deg2, is plotted against the sensitivity flux limit at the top corner.
The solid and dashed lines correspond to the photon index values of Γ = 1.7 and Γ =
2.0 to convert the count rate to flux.

Using the definition of the sum of the inverse areas of all sources brighter than flux
S, N(> S), is defined as the cumulative number per square degree, the relation between
number and flux is derived. Figure 2 left panel shows comparison of the obtained log(N)-
log(S) plot for A194 & A1060 and that of the Lockman Hole measured by Hasinger et al.
(2001). The limiting flux levels are 1.284×10−15 ergs cm−2 s−1 (A194) and 1.279×10−15

ergs cm−2 s−1 (A1060) in 2−10 keV band. The characteristic of the solid angle is the
same for the clusters and the field: the survey area decreases with flux. In clusters, due
to extended emission, faint sources can not be detected easily in the center, thus they
rise at the outskirts. Whereas, in the field there is no extended emission to bury faint
sources. A significant (∼3σ) X-ray source excess is found from cluster fields relative
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to the Lockman Hole. In Figure 2 right panel we present our Lockman Hole source
numbers at 2−10 keV which are in excellent agreement with the result of Hasinger et al.
(2001). X-ray to optical luminosity LX/LB relations are calculated and cluster galaxies
are found to be brighter than the field galaxies. We further calculated volume density
and X-ray luminosity functions in order to address the excess x-ray emission or high
density of population from the cluster fields. Each X-ray sources are spectrally studied.
The reader is referred to Hudaverd et al. (2006) for a detailed explanation.

4 Discussion and Conclusion

We have presented the nature of X-ray detected sources in the fields of nearby, poor
clusters of galaxies A194 and A1060. A total of 76 X-ray sources have been detected (46
and 32, respectively) by the PN camera. X-ray spectrum of several sources are studied for
the first time, particularly for the A194 sources. The sources with low counting statistics
have been studied using the so called X-ray color-diagrams. The best-fit values of used
plasma models are found to be in the reasonable range, the temperatures are sub keV
levels (kT≤1.0 keV) and photon indices are around Γ=1.7±1.0. The excess of the X-ray
sources at FX=1×10−14 ergs cm−2 s−1 is estimated as ∼3σ from the log(N)-log(S) plot.
Considering low luminosity levels of our survey sample of LX≤1042 ergs s−1, the fractions
of the X-ray emission produced by LMXB, hot halo and LLAGN are evaluated separately.
Based on the LX/LB relation, about 30% of the whole sample can be explained by the
X-ray emission from unresolved LMXBs. Since the spectroscopic redshift is available for
10% of the X-ray sources, the cluster source density is approximated by subtracting the
field source density. The difference is attributed to galaxies in the cluster gravitational
potential. The X-ray luminosity function exhibits a source density excess for the clusters
by a factor of 6 higher than the blank field and a factor of 15 higher than the local group
at LX≥1040.5 ergs s−1. We suggest that AGN fueling is induced and inactive BHs are
awaken in the outskirts, whereas AGN activity is quenched in the cluster center.
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