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A 1060 is a non-cooling flow cluster at z =0.0114. Chandra and XMM-Newton obser-
vations showed the temperature and abundance structures in the central region, and ∼30%
of the temperature drop from the central region to ∼ 13′ of the outskirt region. Suzaku
observed the central region and a ∼ 20′ offset region of this cluster in November 2005.

Since Suzaku XIS instrument is characterized by lower background than other satellites,
we can study the Intracluster medium (ICM) properties to the outskirt region. We investi-
gated the temperature and abundance profiles to the outermost region, and compared our
results with those by Chandra and XMM-Newton. The temperature clearly drops from the
center to the outer region. Based on the good XIS sensitivity to emission lines, especially
below 2 keV, we directly measured oxygen and magnesium abundances. However, since the
data were affected by the galactic emissions, we had to correct for its contribution. Consid-
eration these systematics, oxygen and magnesium abundances are fairly constant from the
center to the outer region. In contrast, silicon and iron abundances drop quite steeply with
radius. Details are reported in Ref. 9).

§1. Introduction

A 1060 is a nearby cluster of galaxies (z = 0.0114) characterized by a smooth
and symmetric distribution of intracluster medium (ICM), and has no cD-galaxy at
the center. Chandra observation detected very compact X-ray emissions from the
central two elliptical galaxies,12) and the temperature and abundance distributions
were shown to be somewhat inhomogeneous at the cluster center.4) Ref. 5) detected
a temperature drop by ∼ 30% from the central region to r ∼ 13′ with XMM-Newton,
while it had previously been considered as flat on the basis of the ASCA and ROSAT
observations.3),10)

This paper reports results from Suzaku observations of A 1060. Owing to the
low-background nature of the Suzaku XIS, we are able to measure the temperature
and abundance profiles to a much outer region than the previous XMM-Newton
study. We use H0 = 70 km s−1 Mpc−1, ΩΛ = 1 − ΩM = 0.73 in this paper. At a
redshift of z = 0.0114, 1′ corresponds to 14 kpc. Throughout this paper we adopt
the Galactic hydrogen column density of NH = 4.9×1020 cm−2 2) in the direction of
A 1060. Otherwise noted, the solar abundance table is given by Ref. 1), and errors
are 90% confidence region for a single interesting parameter.



2 K. Sato et al.

§2. Observation and Data reduction
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Fig. 1. (a) Combined XIS image of the central and offset observations in the 0.5–7.0 keV energy

range. The observed XIS0-3 images are added on the sky coordinate after removing each cali-

bration source region, and smoothed with σ = 16 pixel � 17′′ Gaussian. Estimated components

of extragalactic X-ray background (CXB) and instrumental background (NXB) are subtracted,

and exposure and vignetting are corrected. (b) Exposure map in ks, in which coordinates of the

image are the same with (a). Four XIS sensors are treated separately. Small exposure at the

CCD corners correspond to the 55Fe calibration source locations. The annular regions utilized

in the spectral analysis are indicated by green circles.

Suzaku carried out two pointing observations for A 1060 in November 2005,
the central region and 20′ east offset region, with exposure of 40.5 and 55.5 ks,
respectively. The combined X-ray Imaging Spectrometers (XIS; Ref. 6)) image in
the 0.5–7 keV range is shown in figure 1. We used the version 0.7 processing data,8)

and the analysis was performed with HEAsoft version 6.0.6 and XSPEC 11.3.2t.

§3. Spectral analysis and Results

Fig. 2. (a) The panel shows the background (NXB+CXB) subtracted spectrum at 0–2′ region which

is denoted in the panel, and it is plotted by red and black crosses for BI and FI, respectively.

The estimated CXB and NXB components are subtracted, and the plotted data are fitted with

the apec1 + apec2 + phabs × vapec model drawn by green and yellow lines for the BI and FI

spectra. The energy range around the Si K-edge (1.825–1.840 keV) is ignored for the spectral

fit. The lower panels show the fit residuals in unit of σ. (b) Line intensities of OVII and OVIII

at each annulus of A 1060 in unit of photons cm−2 s−1 sr−1.
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We extracted spectra from seven annular regions of 0–2′, 2–4′, 4–6′, 6–9′, 9–
13′, 13–17′ and 17–27′ from the cluster center as shown figure 1(b). The observed
spectrum is assumed to contain thin thermal plasma emission from the ICM, local
Galactic emission, the extra-galactic cosmic X-ray background (CXB), and NXB. In
order to subtract the NXB and CXB, we used the night earth database of 770 ks
exposure provided by the XIS team for the NXB, and estimated the CXB component
using the ASCA results, and then both are subtracted from the observed spectrum.
The spectrum of 0–2′ region is shown in figure 2(a). The ionized Mg, Si, S, Fe lines
are clearly seen in each ring. The OVII and OVIII lines are prominent in the outer
rings, however, most of the OVII emission is supposed to come from the local Galactic
emission as shown in figure 2(b). There is a clear excess of the OVIII intensity towards
the cluster center, while OVII is consistent with constant. This is a strong evidence
that the OVIII emission is associated with the ICM itself, on the other hand, OVII

might be due mainly to the Galactic origin.
We used the vAPEC model as the ICM of the cluster, and the APEC with 1

solar abundance as Galactic emission. The spectra were well-fitted by the apec1 +
apec2 + phabs × vapec model.

The temperature in A1060 observed with Suzaku shows a decline from ∼ 3.4 keV
in the central region (r ∼ 5′ ∼ 70 kpc) to ∼ 2.2 keV in the outermost annulus of
17–27′ ∼ 240–380 kpc ∼ 0.16–0.25 r180. This feature is roughly consistent with
the previous result for the inner region (r < 13′) measured with XMM-Newton,5)

although our Suzaku result indicate slight flattening of the temperature profile in
the outer annuli.

We obtained emissivity weighted abundance profiles of Ni, Fe, Si, S, Mg, Ne
and O in the ICM of A 1060 up to a radius of 27′ � 380 kpc, although Ni and
Ne abundances are not reliable due to the strong and complex Fe-L line emissions.
Abundances of Si, S, and Fe decrease from ∼ 0.7, 0.8 and 0.5 solar in the central
region, to ∼ 0.3, 0.2 and 0.2 solar, respectively, in the outskirts of the cluster. A 1060
shows clear gradients for Fe, Si, and S, although it is a very relaxed system without
the cD galaxy and cooling core. The other elements, Mg and O, show somewhat
flatter radial distributions. The measured Mg abundance is consistent with constant
up to the 13–17′ annulus, namely out to 240 kpc from the cluster center. Oxygen
also exhibits a flat distribution or a slight increase at r � 10′. We have to note
that the O abundances depend on the estimation of the Galactic component. Radial
profiles of temperature, O and Fe is shown in figure 3.

§4. Discussion

Apparently, the profiles of Si/Fe and Mg/Fe show different gradients (figure
4(a)). The Si/Fe is consistent value with a constant value, while the O/Fe and
Mg/Fe ratios seem to increase with radius excluding the outer most region. The Fe
ratio of elements for recent Suzaku observations, NGC 720,11) Fornax cluster and
NGC 14047) are compared in figure 4(b). The ratios Si/Fe and S/Fe are almost same,
while O/Fe and Mg/Fe shows almost same at the center, and in the outer regions
A 1060 indicates a higher value than others. Combining the X-ray luminous gas mass
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Fig. 3. (a) Radial temperature profiles derived from spectral fit of the Suzaku (black) and XMM-

Newton (red) spectra at each annulus. The black dotted lines correspond to shifts of the best-fit

values by changing thickness of the OBF contaminant by +20%. The green dotted lines denote

those when the estimated CXB and NXB levels are changed by ±10%. The orange dotted line

shows the best-fit value when the Galactic component is modeled by a single apec. (b)(c) Radial

abundance profiles derived and plotted in the same way as (a).

Fig. 4. (a) Abundance ratios of O (black), Mg (red) and Si (blue) divided by Fe. (b) Abundance

ratios of O, Ne, Mg, Si, and S, divided by Fe for Fornax cluster, NGC 1404,7) NGC 720,11) and

A 1060. In both plots, the solar abundance ratio of angr1) is assumed, and only the statistical

errors are plotted. (c) Integrated iron mass-to-light ratio (IMLR) and oxygen mass-to-light ratio

(OMLR) in unit of M�/L� in the blue band.

profile by Ref. 5) with XMM and the abundance profiles obtained with Suzaku, we
calculated the cumulative Fe and O mass profiles. Then iron mass-to-light ratio and
oxygen mass-to-light ratio are calculated to be ∼ 4.0×10−3 and ∼ 4.3×10−2 in unit
of M�/L� in blue band.
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