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Abstract. We have selected a sample of 10 medium distant
(z ∼ 0.1 − 0.3) clusters for deep, high-resolution, multi-
wavelength observations in order to investigate in detail
their dynamical state. This paper presents the analysis
of the ASCA data for the two sample clusters observed
under the ESA time allocation. For A 1300 and A 1732
we find temperatures and metal abundances for the intra-
cluster medium of kT = 11 keV, Z = 0.2 and kT = 6 keV,
Z = 0.3 respectively.
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1. Introduction

Massive clusters of galaxies are fundamental cosmologi-
cal probes because their formation rate — and formation
history — depends strongly on both the value of Ω and
the type of dark matter assumed. It is therefore of prime
interest to detect and study very massive distant clus-
ters. However, the detailed analysis of cluster properties
(dynamics, virialization stage, galaxy content, ICM en-
richment, etc.) requires large amounts of observing time
and, beyond z ∼ 0.5, is strongly limited by the angular
resolving power of present-day instruments. As a result,
the 0.2 < z < 0.3 interval offers at present the best com-
promise for obtaining detailed multi-wavelength data for a
statistically significant set of distant clusters. In this con-
text, we have selected 10 medium distant, X-ray bright
(i.e., massive) systems from a ROSAT All-Sky Survey flux
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Table 1. The cluster sample

ROSAT ID Abell ID redshift

RX J1023.8−2715 Abell 3444 0.255
RX J1031.6−2607 0.247
RX J1050.5−0236 Abell 1111 0.165
RX J1046.8−2535 0.243
RX J1103.6−2329 0.187
RX J1131.9−1955 Abell 1300 0.307
RX J1203.2−2131 Abell 1451 0.199
RX J1314.5−2517 0.244
RX J1315.0−4236 0.105
RX J1325.1−2013 Abell 1732 0.192

Note that, according to the RASS, these objects all have a
luminosity ≥ 5 1044 erg s−1. However, our subsequent deep
HRI pointings have revealed that some are contaminated by a
point-like source — i.e., an AGN — which is supported by the
presence of a strong radio source at the cluster center. This
will be discussed in detail by Lémonon et al. (1998).

limited sample of ∼ 40 clusters located in the Hydra re-
gion (Pierre et al. 1994a).

For this sub-sample (Table 1), we undertook deep op-
tical (CFHT, NTT), X-ray (ROSAT, ASCA), radio (AT)
and infrared observations (ISO) (Pierre et al. 1994b). This
unique database will yield insights into the formation pro-
cesses of both clusters and galaxies, processes which are
very likely to be intimately related. In this context, a gen-
eral — and crucial — point is the evolution of the dy-
namical state of clusters. In hierarchical CDM-type sce-
narios, clusters are believed to form continuously, but not
necessarily at the same rate. Indeed, using a power ra-
tio technique applied to clusters extracted from classical
CDM simulations, Tsai & Buote (1996) find that there is
a continuous competition between relaxation and forma-
tion rates throughout the whole cluster history. They do
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Table 2. Cluster data

Cluster z σv LX [0.1–2.4] NH

km s−1 1044 erg s−1 1020 cm−2

A 1300 0.307 1200 18 (PSPC) 4.5
A 1732 0.193 1100 9.2 (HRI) 7.8

Velocity dispersions and luminosities are from Lémonon et al.
(1999). NH is a λ21 cm value from Dickey & Lockman (1990).

not observe a significant change from high redshifts until
z ∼ 0.6, where both effects come into balance; at more
recent times the formation rate levels off. Focusing on the
very inner cluster regions (a few tens of kpc), the influ-
ence of the central galaxy appears to be responsible for
the disturbed X-ray structure often observed, this region
being more or less isolated from the rest of the cluster.
Also, isophote morphologies derived from deep ROSAT
HRI pointings suggest that below z ∼ 0.1 the outer parts
of clusters are less disturbed than in the 0.1− 0.3 redshift
range (Pierre & Starck 1998).

As time goes on, cluster masses increase through mat-
ter accretion along filaments and, consequently, potential
wells deepen. The merging process, however, takes time to
produce relaxed systems. It is therefore of major interest
to study cluster X-ray temperatures, together with optical
data and X-ray morphologies, since the ICM temperature
may not only reflect the depth of the gravitational poten-
tial but also contain the signature of recent mergers. This
has been investigated at low redshift with detailed temper-
ature maps (e.g., Briel & Henry 1996). For distant clusters
where spatially resolved X-ray spectroscopy is not possi-
ble, deviations from the well known correlations (LX, TX,
metallicity) can give an indication of the degree of cluster
relaxation.

We present here the first two ASCA observations of
our sample clusters, obtained under the ESA/ISAS time
allocation; ASCA observations of the remaining eight clus-
ters, performed under ISAS time, will be presented in a
forthcoming paper (Matsumoto et al. 1999, in prepara-
tion). General information about the two clusters is given
in Table 2. A 1300 is very luminous in the X-ray band.
Both optical and ROSAT PSPC observations indicate that
the cluster is in a recent post-merging phase (Lémonon
et al. 1997). This is corroborated by the presence of a ra-
dio halo at the cluster center (Reid et al. 1999), a rare
phenomenon at this redshift, but one increasingly associ-
ated with mergers.

ISOCAM observations of A 1732 revealed that the IR
emitting galaxies tend to avoid the cluster center and are
most likely due to galaxy interactions (Pierre et al. 1996).
For A 1300, we find the ISO galaxies to be some 50% more
luminous at 15 µm than in our other sample clusters; this
may be interpreted in terms of enhanced star formation
associated with the merger (Lémonon et al. 1999).

Throughout the paper we assume H0 = 50 km s−1

Mpc−1 and q0 = 1/2.

2. Observations and data reduction

Table 3 summarizes the ASCA observations. The GIS
data were obtained with the normal PH mode, and the
SIS data using the BRIGHT2 1 CCD mode. The tar-
gets were centered at the nominal position of the 1 CCD
mode, which causes a slight position offset on the GIS
images. All the subsequent analysis has been carried out
with the XSPEC 8.5 and FTOOLS 3.5 packages using the
screened data provided by the ASCA Standard Analysis
from NASA/GSFC.

The ROSAT images of A 1300 and A 1732, filtered by
a wavelet multi-resolution algorithm with a rigorous treat-
ment of photon noise (Starck & Pierre 1998), are shown in
Lémonon et al. (1997) and Pierre et al. (1996) respectively.
At the ASCA angular resolution, A 1732 does not show
significant structure as already inferred from the 30 ks HRI
pointing which revealed a very regular morphology and a
moderate cooling flow of ∼ 200 M�/year. A 1300, on the
other hand, is clearly elongated, in good agreement with
the PSPC observation that was used to infer the post-
merger state of the cluster; no HRI image is available for
this cluster.

An elliptical region has been selected for extracting
the SIS/GIS spectra of A 1300 and an circular region for
A 1732; this is shown in Fig. 1 and Fig. 2. For both objects,
the background area was selected in the vicinity of the
source but excluding the cluster outskirts (beyond 8′ from
the source center). In an attempt to improve signal-to-
noise, we have also used background spectra from blank-
sky fields, since both clusters are in the direction of mod-
erate NH. This did not lead to a significant improvement
in the spectral fit accuracy (see Table 4). Note, also, that
blank-sky observations are presently available only for the
GIS detector and not for the SIS in the BRIGHT2 1 CCD
mode.

In addition, we made use of our 8.6 ks ROSAT PSPC
observation of A 1300 to complement the spectral analysis.

3. Spectral analysis

After extraction, all spectra were rebinned requiring a
minimum of 20 and 30 counts per bin and selecting en-
ergy channels in the ranges 0.7 < E < 10 keV and
0.5 < E < 10 keV for the GIS and SIS spectra respec-
tively. We fitted a Raymond-Smith spectrum attenuated
by photoelectric absorption from the Galaxy, the only
fixed parameter being the cluster redshifts. However, to
allow for uncertainties in the calibration of the different
instruments, the normalizing constants were fitted inde-
pendently for each instrument. The spectra are presented
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Table 3. Journal of observations

Target Date Exposure (ks) & Countrate (c/s)

SIS0 SIS1 GIS2 GIS3

A 1300 1996 June 41.2 0.15 41.1 0.13 43.4 0.099 43.4 0.13
A 1732 1997 July 44.6 0.14 44.1 0.12 46.4 0.093 46.3 0.12

The countrates have been integrated within a radius of 500′′ in the [0.7− 10] keV band for the GIS images and within a radius
of 250′′ in the [0.4− 10] keV band for the SIS.

Table 4. Results from the spectral analysis; errors are given for a 90% confidence interval. Rest frame absorption corrected
luminosities have been calculated from the GIS countrate using the temperatures and metallicities obtained by ASCA (this
table) and NH values listed in Table 2

T NH Abund. Red. χ2 LX [2–10], LX [0.1− 2.4], LBol

keV 1020 cm−2 Z 1044 erg s−1

A1300 30, 21, 68

GIS2+GIS3 9.7+1.8
−1.3 7.3+5.1

−4.7 0.12+0.13
−0.12 1.00

GIS2+GIS3+PSPC 10.4+1.3
−1.2 4.4+0.7

−0.6 0.12+0.14
−0.12 1.06

SIS0+SIS1+GIS2+GIS3+PSPC 11.4+1.4
−1.0 4.6+0.8

−0.6 0.16+0.12
−0.12 1.12

SIS0+SIS1+GIS2*+GIS3*+PSPC 11.4+1.3
−1.0 4.6+0.9

−0.6 0.17+0.11
−0.12 1.12

A1732 9.4, 9.3, 20

GIS2+GIS3 5.6+0.7
−0.6 11.8+5.0

−5.0 0.31+0.13
−0.11 1.05

SIS0+SIS1+GIS2+GIS3 5.5+0.4
−0.4 14.7+2.3

−2.3 0.30+0.08
−0.08 0.97

SIS0+SIS1+GIS2*+GIS3* 5.5+0.4
−0.3 14.7+2.3

−2.2 0.29+0.09
−0.07 0.97

* Indicates that the GIS spectra were extracted using a background from blank-sky observations, otherwise the background has
been routinely estimated from our images using regions free of sources.
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Fig. 1. SIS image of A 1300 in the [0.4 − 10] keV band. The
pixel size is 6.3′′ and the image has been filtered by a Gaussian
having a σ of 1.5 pixel. Contours levels are 1.0, 2.0, 3.0...
counts/pixel. The region extracted for the spectrum is indi-
cated by an ellipse

in Figs. 3 and 4 and results from the spectral fitting sum-
marized in Table 4.

The hydrogen column density is poorly constrained by
the ASCA detectors in the low energy range. However,
when the PSPC data for A 1300 are added in, the agree-
ment with the radio measurement is excellent.

Luminosities (Table 4) were calculated by circular
integration on the GIS images within a radius of ∼ 500′′

corresponding to 2.8 Mpc for A 1300 and 2.1 Mpc
for A 1732. We used temperatures and abundances
determined from the spectral analysis whereas NH was
fixed at its radio value. The agreement with the ROSAT
measurements (Table 2) is excellent for A 1732. For
A 1300, the PSPC measurement is about 15% lower than
the ASCA one; this can be readily understood as the
PSPC luminosity has been calculated from the fitted
King profile, whereas the ASCA luminosity, obtained by
simple circular integration, is probably contaminated by
unresolved point sources conspicuous in the PSPC image.

4. Discussion and conclusions

For A 1300 we have measured the temperature in two con-
centric regions, divided so as to give comparable numbers
of source photons: an inner circle of size comparable with
that of the PSF (radius 3′) and the surrounding annu-
lus. Both sub-regions show temperatures compatible with
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Fig. 2. SIS image of A 1732; otherwise as for Fig. 1

Fig. 3. Upper panel : Individual SIS0, SIS1, GIS2, GIS3 and
PSPC spectra of A 1300, together with the best fitting model.
Lower panel : Residual (observed − fitted) spectrum

the whole region, but with larger uncertainties. Thus, the
question of a temperature gradient in A 1300, as suggested
by the PSPC observation, remains open, since the cluster
is not well resolved by ASCA and its flux is too weak to
attempt any spatial/energy deconvolution.

We have also investigated the presence of a power-law
contribution to the X-ray emission from A 1300, possi-
bly associated with the radio halo. The spectral fitting,
however, did not yield any conclusive results (no improve-
ment in χ2) nor a useful limit to such a non-thermal
contribution.

Fig. 4. Upper panel : Individual SIS0, SIS1, GIS2 and GIS3 spec-
tra of A 1732, together with the best fitting model. Lower
panel : Residual (observed − fitted) spectrum

A 1300 has rather a low metal abundance (∼ 0.17±0.1
solar). This, taken with its high temperature and lumi-
nosity, fits well into the post-merger picture sketched by
Lémonon et al. (1997). The cluster was shown to be quite
extended with a flat luminosity distribution — suggesting
that the merging entities have not yet reached the state
of a virialized cluster — and thus, the elapsed time has
been too short for a cooling flow to form. This is in agree-
ment with Allen & Fabian (1998) showing that high z
non-cooling flow clusters tend to have lower metallicities
(∼ 0.2) than cooling flow clusters.

Mushotzky & Scharf (1997) and Tsuru (1998) have
shown that there is no significant change in the LXBol−TX

relation out to z ∼ 0.4−0.6 and our present data points are
well within the overall distribution. A similar agreement
(within 2 sigma of the mean correlation) is also found
between the Mushotzky & Scharf σv −TX correlation and
our findings.

The ASCA analysis of A 1300 and A 1732 provides
new data on medium-distant galaxy clusters. Their overall
properties appear to follow the general trends, which show
no evolution but a rather large scatter related to the var-
ious virialization stages present in the cluster population.
In a forthcoming paper (Lémonon et al. 1999) we shall
discuss in more detail the properties of these clusters and
of their galaxy content in connection with observations in
the infrared, optical and radio bands.
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