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We present the X-ray properties and scaling relations of two flux-limited
morphology-unbiased samples of X-ray luminous galaxy clusters: (1) 12 clus-
ters, 0.176 < z < 0.253, LX ≥ 8.0×1044 erg s−1 (Zhang et al. 2007); and (2)
13 clusters, 0.258 < z < 0.308, LX ≥ 5.9× 1044 erg s−1 (Zhang et al. 2006)
completely observed by XMM-Newton. The scaled radial profiles are charac-
terized by an empirical self-similar behavior at radii above the cluster cores
(> 0.2r500) for the temperature, surface brightness, entropy, cooling time, gas
mass and total mass. The cluster cores contribute up to 70% of the bolo-
metric X-ray luminosity, (Lincc

bol
− Lexcc

bol
)/Lincc

bol
≤ 70%. The scaled luminosity

attributed by the cluter central region (< 0.2r500) can be used to investigate
the significance of the cool cores. The evolution of the fraction of pronounced
cool core clusters is very weak up to redshift 0.3. The X-ray scaling relations
and their scatter are sensitive to the presence of the cool cores. Using the X-ray
luminosity corrected for the cluster core region (Lcorr) and the temperature
measured excluding the cluster core region (T0.2−0.5r500

), the normalization
agrees to better than 10% for the cool core clusters and non-cool core clusters,
irrelevant to the cluster morphology. There is no evolution of the X-ray scal-
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ing relations comparing these 2 samples to nearby samples. With the current
observations, the cluster temperature and luminosity can be used as reliable
mass indicators with the mass scatter within 20%. Error bars correspond to
68% confidence levels. Ωm = 0.3, ΩΛ = 0.7, and H0 = 70 km s−1 Mpc−1.

1 Scaled average temperature profiles

We scaled the radial temperature profiles by the volume average global tem-
peratures T0.2−0.5r500

and r500 for both samples. We observed the structural
segregation of the temperature profile in the cluster central region (< 0.2r500).
The global cluster temperature is therefore measured excluding the central re-
gion (< 0.2r500). We found a self-similar behaviour of the temperature profile
above 0.2r500. The average temperature profiles above 0.2r500 for both sam-
ples agree with the temperature profiles of the cluster samples in Markevitch
et al. (1998), De Grandi & Molendi (2002), Pratt et al. (2006) and Vikhlinin
et al. (2005) as shown in Fig. 1 (left panel). There is no evolution of the
temperature profiles.

2 Entropy temperature relation

As shown in Fig. 1 (right panel), there is no noticable evolution in the S–
T relation using the entropies above 0.2r500 (e.g. using S0.3r200) comparing
the pilot LoCuSS sample (z ∼ 0.2, Zhang et al. 2007) to the REFLEX-DXL
sample (z ∼ 0.3, Zhang et al. 2006) and the nearby relaxed cluster sample in
Pratt et al. (2006).

3 Evolution of the cool cores

The fractions of the X-ray luminosity attributed to the < 0.2r500 region span
a broad range up to 70%. This introduces large uncertainties in the use of the
total cluster luminosity as a mass indicator. We thus measured the cluster
luminosity by correcting the surface brightness profile within 0.2r500 for the
scaling relations.

With the bolometric X-ray luminosity including and excluding the <
0.2r500 region, we show the normalized cumulative cluster number count as
a function of the fraction of the luminosity attributed by the cluster core
(< 0.2r500) in Fig. 2 (left panel). The evolution of the cool cores is not signif-
icant by comparing the cluster samples at z ∼ 0.2 and z ∼ 0.3.
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Fig. 1. Left: scaled average temperature profiles. Right: entropy at 0.3r200 vs. tem-
perature for the pilot LoCuSS sample (Zhang et al. 2007, crosses), the REFLEX-
DXL sample (Zhang et al. 2006, diamonds) and the sample in Pratt et al. (2006,
boxes). The line denote the best fit in Pratt et al. (2006, including only the E(z)
correction). The pilot LoCuSS CCCs are in triangles.

4 Scaling relations

For both samples, the cluster masses are uniformly determined from the high
quality XMM-Newton data. This guarantees the minimum systematics due to
the analysis method. Both cluster temperature and luminosity can be used as
reliable cluster mass indicators with uncertainties less than 20%. Comparing
the X-ray scaling relations of such 2 samples to the samples at the other
narrow redshift bins (e.g. Ettori et al. 2004, Arnaud et al. 2005, Vikhlinin
et al. 2006) shows that the evolution of the scaling relations is accounted for
by the redshift evolution. We obtained an overall agreement with the recent
studies of the scaling relations within the observational dispersion (Fig. 2 right
panel). This fits into the general opinion that galaxy clusters are self-similar
up to z ∼ 1 (e.g. Arnaud et al. 2005).

5 Conclusions

We performed a systematic analysis to measure the X-ray observables based
on the high quality XMM-Newton observations of two samples at z ∼ 0.2
(Zhang et al. 2006) and z ∼ 0.3 (Zhang et al. 2007). We found closely universal
temperature profiles for the 2 samples. Using the X-ray luminosity corrected
for the cluster core region and the temperature measured excluding the cluster
core region, the normalization of the scaling relations agrees to better than
10% for the cool core clusters and non-cool core clusters. The X-ray scaling
relations of the 2 samples agree with the scaling relations of the nearby and
more distant samples within the observational dispersion. This fits the opinion
(e.g. Arnaud et al. 2005, Vikhlinin et al. 2006, Zhang et al. 2006, Zhang et
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Fig. 2. Left: normalized cumulative cluster number count. Right: X-ray luminosity
in the 0.1–2.4 keV band vs. temperature. The data points are from Zhang et al.
(2007)

al. 2007) that the evolution of massive galaxy clusters up to z ∼1 is well
described by a self-similar model. Using the temperatures measured excluding
the cluster cores and X-ray luminosities corrected for the cluster cores, the
X-ray scaling relations are insensitive to the exclusion of cool core clusters.
More details can be found in Zhang et al. (2006, 2007).
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11. Zhang, Y.-Y., Böhringer, H., Finoguenov, A., et al. 2006, A&A, 456, 55
12. Zhang, Y.-Y., Finoguenov, A., Böhringer, H., et al. 2007, A&A, in press,

astro-ph/0702739


