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Abstract

Suzaku observed the Centaurus cluster three times in the end of 2005, two of which are offset

observations. We analyzed the XIS data, and found that the oxygen distribution in the ICM

is flat, making a contrast to the iron distribution. This behavior of oxygen is the same as the

Abell 1060 and Fornax clusters, and does not depend on cluster types. Since oxgen is a typical

product of the type-II supernova, the oxygen distribution suggests that galaxies were distributed

flatter in the formation age of clusters than the present. Alternatively, oxygen may spread over

the ICM by large energy input from type-II supernovae. Observations of distant clusters with

Suzaku will further constrain the oxygen-enrichment history to the ICM.

Figure 1: XIS0 images of the three

observations, smoothed with a 10′′ gaussian

filter. Background is not subtracted, and

exposure is not corrected either.

1. Introduction

Metals in the Intra-Cluster Medium (ICM) have

been synthesized in stars and supernovae in galax-

ies, and transported to the ICM which contained

only hydrogen and helium in the early universe.

Among the metals, alpha elements, especially oxy-

gen, neon, and magnesium, are considered to have

been synthesized via type-II supernovae (SN-II),

while iron-group elements via type-Ia supernovae

(SN-Ia).

The XIS on-board Suzaku has high sensitivity

below 1 keV, and detects atomic lines from oxy-

gen, neon, and magnesium ions with higher accu-

racy than previous missions. Suzaku observations

of Fornax (Matsushita et al. 2006) and Abell 1060
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(Sato et al. 2006) have revealed that spatial distributions of oxygen and magnesium abun-

dances are flatter than those of iron which is a typical SN-Ia product. This indicates that SN-II

products have different history of metal enrichment to the ICM from SN-Ia ones. In this paper,

We analyzed the XIS data of the Centaurus cluster observed in the performance verification

phase of Suzaku, and studied its metal distribution with special focus on oxygen and iron. Since

the spatial distributaion of metals is coupled with evolution of galaxy distribution, the metal

distribution in cD clusters of which Centaurus is typical may be different from that in non-CD

clusters such as Abell 1060.

2. Observation and Analysis

Table 1: Exposures of the three observations

Name Date Exposure

Centaurus center 2005/12/27 38 ks
Centaurus offset1 2005/12/18 45 ks

Centaurus offset2 2005/12/29 44 ks

Suzaku observed the Centaurus cluster in Decem-

ber 2005. In addition to a pointing at the X-ray

centroid, two offset observations were carried out

to cover peripheral regions as shown in Figure 1.

Exposure for each pointing is summarized in Table

1. We analyzed the rev07 processingb data of Centaurus which was used in PV phase.

We made non X-ray background (NXB) of the three observations from night earth data

(NTE) using softwares (mk_corsorted_spec_v1.0.pl and mk_corweighted_bgd_v1.1.pl)

which are provided by the XIS teamc. The NTE are sorted with cut off rigidity (COR),

and weighted-averaged according to the time in which Suzaku passed a COR region in an

observation.
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Figure 2 : NXB-subtracted spectra of XIS0

(black), XIS1 (red), XIS2 (green), XIS3 (blue)

extracted from 6′ − 8′ annular region.

0.5 0.6 0.7 0.8

0.
1

0.
2

0.
3

0.
4

ct
s/

s/
ke

V

energy (keV)

Centaurus 6−8 (Suzaku XIS0,1,2,3)

Figure 3 : The same as Figure 2, but enlargement

of 0.5-0.8 keV range.

We extracted the XIS spectra from concentric annular regions centered on the X-ray centroid.

Figure 2 is an example which is NXB-subtracted spectra of 6′
−8′ region. Atomic lines from iron,

sulfer, silicon, magnesium, and oxygen are clearly seen. Above all, as shown in Figure 3, the

hydrogen-like oxygen Kα line (OVIII) is clear in the XIS1 spectrum which is back-illuminated

CCD. As for the cosmic X-ray background (CXB), we included it as a model component in

spectral fits based on the ASCA result (Kushino 2002). The thermal component of our galaxy

is not negligible especially in the outer regions, and we also included it as a model component.

We estimated the galaxy component from source-free detector region of CH cygni observation

(2006/01/04) of which date is just five days after the three Centaurus observations, and the

bhttp://www.astro.isas.jaxa.jp/suzaku/doc/suzakumemo/suzakumemo-2006-21.pdf
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contamination can be expected to be the same level between the Centaurus and CH cygni

observations. CH cygni has galactic latitude of 15.58079 degree, while Centaurus 21.5634

degree. Therefore, we would overestimate the galactic component in this paper.

3. Results

We fitted the four XIS xpectra simultaneously for each annular region with vAPEC model

(Smith et al. 2001), using the abundance table by Anders and Grevesse (1989). Hydrogen,

helium, and carbon were fixed to 1 solar, while other elements were free. We tried 1-, 2-, and

3-temperature models in which abundaces of an element among temperatures are assumed to

be the same. F-test tells that the probability of chance improvement from 1- to 2-temperature

is less than 1% for all the region. That from 2- to 3-temperature is more than 95% except the

innermost region. Therefore, we here adopt the 2-temperature model.

Figure 4 is the radial profiles of iron, magnesium, and oxygen abundances obtained from

the 2-temperature fit. The iron abundance increases steeply toward the center from 0.3 solar to

1.4 solar, while the oxygen abundance is rather spatially flat at 0.2−0.5 solar. The magnesium

profile have large scatter among the three observations. This suggests that magnesium may be

spatially patchy, although the magnesium abundance is fragile against small abundance changes

of iron-L lines and neon, and needs more study on systematics.

In order to confirm the spatial behavior of oxygen abundance, we derived equivalent width

(EW) of the OVIII line. we extracted 0.55-0.80 keV range from XIS1 (the back-illuminated

CDD) spectra, and fitted with thermal bremsstrahlung and a gaussian model. The line width

(sigma) of gaussian was fixed to the energy resolution of XIS1. The result, shown in Figure 5,

exhibits that the EW of OVIII is also flat.

Figure 4 : Radial profiles of iron (blue), oxygen

(red), and magnesium (green). The solid line is for

the center, the dashed line for offset1, and the

dotted line for offset2. 1′ = 15.2 kpc h
−1
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Figure 5 : Equivalent width of the OVIII line,
obtained for center (red), offset1 (green), and

offset2 (blue) regions.

4. Discussion

We analyzed Suzaku data of the three Centaurus observations, and obtained the radial abun-

dance profiles of iron, magnesium, and oxygen. The oxygen abundance in the ICM of Centaurus

is spatially flat like Abell 1060, although the contribution from our galaxy has to be further ex-

amined (Sato et al. 2006). If the flat oxygen distribution is true regardless of cluster types, this



should relate with the SN-II activity which has originated oxygen. Since SN-II is considered to

be ∼ 10 times more frequent in the cluster formation age (z ∼ 2) than the present through the

star formation (e.g. Dahlen et al. 2004), the present oxygen profile should reflect the spatial

distribution of galaxies, and the SN-II activity at the formation age.

One possibility is that galaxies had flatter distribution in the past than the present, and the

oxygen was distributed along the galaxy distribution. Althernatively, oxygen may spread over

the ICM mainly from galaxies of which distribution was the same as now, by obtaining energy

from SN-II explosions which are large enough to climb the gravitational potential of Centaurus.

Kawaharada (2006) explored the evolution of galaxy distribution in 12 clusterf including

Centaurus, by comparing it with iron distribution. Iron is abundant at the center in all the

clusters. However, galaxy light is spatially more concentrated than iron regardless of clus-

ters mass and cluster types, as shown in iron-mass-to-light ratio (IMLR) profiles of Figure 6

(Makishima et al. 2001; Kawaharada et al. 2006).

 1e-06

 1e-05

 1e-04

 0.001

 0.01

 1  10  100

ra
tio

 

2D distance (kpc)

Fe-Mass to light ratio profile

N1550
N1132
N5044
N507

N4325
HCG62
MKW4

A262
A3581
A1060

CEN
AWM7

Figure 6 : Iron-mass-to-light (K-band) ratio of nearby

12 clusters (Kawaharada 2006).

Iron is considered to have been constantly

provided via SN-Ia. Therefore, a natural sce-

nario would be that galaxies have fallen to-

ward the center following the gravitational

potential with emitting iron behind to the

ICM. Of course, the other possibility is out-

ward transport of iron. However, the diffusion

of iron in the ICM is at most 10 kpc over the

Hubble time (Raphaeli 1978, Ezawa 1997),

and balk outflow of the central ICM needs

mass evacuation of more than ∼ 102
M� yr−1

the rate of which is just a reveresed cooling

flow.

If galaxies have fallen toward the center

as Kawaharada (2006) suggested, the former

scenario of oxygen distribution (past flat dis-

tribution of galaxies) is favored. On the other

hand, Sanders and Fabian (2006) found that the central region of Centaurus has not suffered

major disruption in the past 8 Gyr or more. Their result seems to favor the latter scenario

(oxygen spread to the ICM). However, if the galaxy infall does not disturb the ICM so much

as observable now, the contradiction could be reconciled.

In order to further constrain the metal enrichment history to the ICM related with the

evolution of galaxy distribution, we have to explore distant clusters for evolution of metal

amount in the ICM. The first result will be obtained by a successful proposal to the Suzaku

AO-2 cycle by Kawaharada et al. (2006) which aims at determining oxygen abundance in a

distant cluster, MS 1512.4+3647 (z = 0.372).
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