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講演概要  
  宇宙の大規模構造形成史を観測的に解明することは、現代の観測的天文学に課せられ

た最も基本的な課題の一つである。講演者は、宇宙最大の自己重力系である銀河団の外

縁部にある物質の分布と物理状態、特に大規模構造のフィラメントからガスが銀河団に

落ち込んで加熱される様子を観測的に研究してきた。その結果、これまでに観測された

天体を含む５つの銀河団外縁部観測から、ガスのエントロピーの振る舞いの違いを調べ、

銀河団外縁部ではエントロピーがなめらかに増加する軸方向�と平坦化する軸方向�があ

る傾向�が分かった。後者の結果は、シミュレーションからも電子温度とイオン温度の不

一致があることが示唆される。こうした領域では、電子--イオン間の緩和時間が11GGyyrr

に達する。これは外縁部でのガス降着のタイムスケールを示し、力学的非平衡状態を支

持する結果である。このような平衡に達していない領域を含めた銀河団の重力質量の計

算では、電子温度、ガスの平均温度の不一致などを考慮すると3300%%程度の誤差を含む

と考えられる。  

さらなる大規模構造フィラメントなどの宇宙低密度領域観測を目指したDDIIOOSS 衛星

計画の主検出器として、優れた分光能力を持つ極低温検出器のマイクロカロリメータ開

発が進められている。22001155年度に打ち上げ予定のAASSTTRROO--HH は、SSXXSSを搭載し

た世界初の極低温検出器を運用するXX線�天文衛星として開発が進められている。本講

演では、宇宙低密度領域の観測的研究の現状、極低温検出器の開発とそこから見える宇

宙像・将来への展望、 戦略的研究基盤形成支援事業により開発を進めている観測機器
開発の状況について紹介したい。  
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Fig. 6. Radial profiles for (a) temperature, (b) surface brightness (0.4–10 keV), (c) abundance, and (d) 3-dimensional electron density. Red diamonds
show our Suzaku results assuming the metal abundances of Anders and Grevesse (1989). The orange line indicates the best-fit profile using the Feldman
(1992) abundances. Chandra results by Vikhlinin et al. (2005) are the black crosses, and the cyan crosses are the XMM-Newton results by Snowden et al.
(2008). The uncertainty range due to the combined ˙3% variation of the NXB level and the maximum/minimum fluctuation of CXB is shown by two
blue dashed lines. We show by magenta dashed lines the uncertainties induced by a ˙20% uncertainty in the amount of contamination in the IR/UV
blocking filters. We also show in panel (b) the CXB level (horizontal dashed line) and the galactic emission (horizontal solid line).

density profiles are smooth out to ! 2 r200, while the elec-
tron temperature profile has a discontinuity around 1.3–1.5r200.
Eke et al. (1998) performed hydrodynamic simulations in
a ΛCDM universe, and discussed the possibility of nonequilib-
rium around r100 because the ratio of kinetic to thermal energies
gradually increased from the center to this radius.

Recent X-ray studies of the outer regions of clusters of
galaxies with Chandra and XMM-Newton show significant
negative temperature gradients out to a typical radius of r500

which is about half of r200 (Vikhlinin et al. 2006; Pratt &

Arnaud 2002; Snowden et al. 2008). Even though the errors are
large, it is significant that our temperatures continue this steady
decline, going from about 7.5 keV near the center to !3.5 keV
at r200. Recent Suzaku results for the A 2204 (Reiprich et al.
2009), PKS 0745"191 (George et al. 2009), and A 1795 (Bautz
et al. 2009) clusters also show a temperature drop to 2–3 keV
at r200. The similar temperatures at r200 are at least partly due
to the fact that all of these clusters have similar average temper-
atures of 5–7 keV. What is likely to be more significant is the
factor of !2 decrease in all cases.
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Fig. 1. (a) XMM-Newton MOS1 + MOS2 image of A 1413 in the 0.35–1.25 keV band. The image was corrected for exposure, vignetting, and
background. The white and blue boxes show the fields of view of the Suzaku XIS and Chandra ACIS (Vikhlinin et al. 2006). The green circle shows r200

of 14:08. The color scale unit is cts Ms!1 pixel!1 (1 pixel = 2:0049 " 2:0049). (b) Background-subtracted Suzaku FI + BI image of the outskirts of A 1413
in the 0.5–5 keV band smoothed by a 2-dimensional Gaussian with ! = 1600 . The image was corrected for the exposure time, but not for vignetting. The
color scale unit is cts Ms!1 pixel!2 (1 pixel = 1:0004 " 1:0004). COR2 > 8 GV and 100 < PINUD < 300 cts s!1 screening was applied. The 55Fe calibration
source regions are also included in the figure, because they have negligible counts in this energy band. Large white circles denote 70, 100, 150, and 200

from the surface brightness peak of the XMM-Newton image. Small white and blue circles show the excluded point sources.

background (CXB), and the galactic background components
(GAL) were subtracted, as described below, and the result
smoothed by a 2-dimensional Gaussian profile with ! = 1600

is shown. The image was corrected for exposure-time vari-
ations, but not for vignetting. Screening requirements are
COR2 >8 GV and 100 < PINUD < 300 cts s!1, where COR2
is the cut-off-rigidity calculated with the most recent geomag-
netic coordinates and PINUD is the count rate from the upper
level discriminatory of the Hard X-ray Detector (HXD) PIN
silicon diode detectors (see Tawa et al. 2008). The circles
with 7000 and 12500 radii enclose excluded point sources. The
small white circles indicate point sources detected in the
XMM-Newton data. Blue circles show sources selected by eye
in the Suzaku image.

We used HEAsoft ver 6.4.1 and CALDB 2008-06-21 for all
of the Suzaku analysis presented here. We extracted pulse-
height spectra in five annular regions from the XIS event
files. The inner and outer radii of the regions were 2:07–70,
70–100, 100–150, 150–200, and 200–260, respectively, measured
from the XMM-Newton surface brightness peak of A 1413
at (RA, Dec) = (11h55m18:s7, 23ı0104800) in J2000.0. We
analyzed the spectra in the 0.5–10 keV range for the FI detec-
tors and 0.4–10 keV for the BI detector. In the 2:07–70 annulus,
we ignored the energy band 5–7 keV for the FI detectors when
we analyzed the spectra, because those data were affected by
Mn-K˛ (5.9 keV) X-rays from the 55Fe calibration source. In
other annuli, the positions of the calibration sources them-
selves were masked out using the calmask calibration database
(CALDB) file.

2.2. XMM-Newton

We analyzed an image in the energy band 0.35–1.25 keV

taken with XMM-Newton (Pratt & Arnaud 2002). This obser-
vation was carried out in 2000 June (OBSID: 0112230501).
The exposure time was 25.7 ks (MOS1, MOS2). SAS ver
6.0 and HEAsoft ver 6.4.1 were used for the analysis.
XMM-Newton has a much higher spatial resolution compared
to Suzaku. We used this image as input for the response simu-
lators and to find point sources. Pratt and Arnaud (2002)
derived the ratio of the minor to major axes to be 0.71 and
a position angle of 2ı260 based on the XMM data. Since
Suzaku coverage is limited in the north section of the cluster,
as shown in figure 1, we did not include the cluster ellipticity
in our analysis.

3. Background Analysis

An accurate estimation of the background is particularly
important when constraining the ICM surface brightness and
temperature in the outer region of clusters. We assumed that
the background is comprised of three components: non–X-ray
background (NXB), cosmic X-ray background (CXB), and
galactic emission (GAL), which itself is comprised of two
components. In this section we describe how we estimated all
these background components.

3.1. Point Source Analysis

We wanted to excise point sources, because we are only
interested in this paper in the ICM. However, since the CXB
is comprised of faint point sources, we then needed to correct
the background level for the resolved sources. This and the
next sections describe the procedure we used for these tasks.

We used the XMM-Newton image to detect point sources
in the XIS FOV, because its spatial resolution (1400 half power
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