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宇宙の謎を自分たちで作った観測装置で切り拓く 

(1) X線を用いた高エネルギー宇宙物理の研究 
(2) 人工衛星観測のための先端的な装置機器の開発

Since 1993

2023年度版



やっていること

高エネルギー宇宙物理：ブラックホール、銀河団、星
形成領域、系外惑星、太陽系 

装置開発：望遠鏡 (X線全反射、ブラッグ反射)、カロ
リメータ検出器 

世界初のデータを見ることができる 

学生から活躍できる環境



研究室の活動

スタッフ：准教授2名，助教1名，特任助教1名，連携
客員教授1名 

大学院生：博士3名、修士9名 

大学生 (卒研生)：4名 

研究室打ち合わせ：2週間毎、対面 

研究室ゼミ：2週間毎、対面 

各種飲み会、BBQ、合宿



例. すざく衛星 (2005-15)

日本で5番目のX線天文衛星 

X線(0.2-700キロ電子ボルト)の撮像・分光

XRS:マイクロカロリメータ

XRT：X線望遠鏡

XIS：X線CCD

HXD：結晶シンチ 
レータ、Si PIN

X線



世界の主なX線天文衛星
すざく(2005年、日米)：0.2-700 keV とい
う広いエネルギー帯域での高い感度とエネ
ルギー分解能で、ブラックホールからのX
線、銀河団の重元素分布、惑星・彗星の大
気などを探る 

チャンドラ(1999年、米)：0.5秒角というX
線天文衛星で最も高い撮像能力を生かし、X
線背景放射、星形成領域、銀河団の衝撃波
などを探る 

XMMニュートン(1999年、欧)：大面積望遠
鏡による高い感度で、銀河団の温度構造や元
素分布、活動銀河の進化を探る

各国の衛星データを使う



銀河団
1千万光年の空間にダークマター(75%)、高温ガス
(20%)、銀河(5%)が集中、X線で観測 

ダークマターの量や分布がわかる 

宇宙の元素生成の歴史がわかる 

宇宙の進化(ダークエネルギー)がわかる

可視光 Ｘ線

MgOペルセウス座銀河団
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Fig. 4.— Background subtracted BI (red) and FI (black) spectrum of the extended emission

region, compared with the best-fit power-law plus two Gaussian models (solid line). Two

Gaussians are shown in dashed and dash-dotted lines. Purple, green and blue dashed lines

plotted for the FI spectrum are Jupiter’s auroral continuum emission models in XMM-Newton

observations (Branduardi-Raymont et al. 2007a).

太陽系
惑星(地球、金星、火星、木星など)、彗星 

希薄な超高層大気の分布・組成がわかる 

放射線帯の超高エネルギー粒子の分布がわかる 

生命誕生の条件、地球生命の起源にせまる

地球

Detailed analysis of the Suzaku data of 
comet 73P/SW

Y. Ezoe, M. Itoh, Y. Urata, A. Kikuchi, C. Kilbourne, T. Kohmura, 
H. Tsunemi, Y. Tsuboi, K. Hamaguchi, M. Hanya, 

G. Brown, F. S. Porter, and Y. Maeda

1. Introduction

“Comets may tell us about cometary 
and solar wind composition, ionization 
state, relative velocity , etc...”

2. Observation

3. X-ray Images 4. Timing and spectral analysis

6. Discussion

68

 A comet is composed of a nucleus (0.1~10 km, rock, dust, and ices), a coma (104-6 

km), and a plasma/dust tail (~AU); a clue for the primordial solar system.

 Since the first X-ray detection from the comet in 1996 (Lisse et al., 1996, Science, 

274, 205),  about 15 comets have been observed in X-rays (Krasnopolsky et al., 2004, 

Sp. Sci. Rev. 113, 271).

Nucleus

H2O
e!

O6+

O7+

Solar
Wind

X-ray line emissions

 LX~1014-16 erg/s (< 1 keV)

 Correlation between solar wind flux 

and cometary X-rays

 Offset from the nuclues sunwards

 Large X-ray flux compared to that of 

the Moon " Probably charge exchange 

with the solar wind particles 

 Spectral analysis have been difficult

5/13
5/7

6/7

Earth

Sun

73P/SW3

 73P/Schwasmann-Wachmann 3, the brightest comet observed in 2006 (mV ~ 5 mag)

 Rapidly disintegrating comet " One of the brigthest fragments C

 3 observations with Suzaku two at near perigee and one at perihelion

 5/7 5 ksec, 2 FOVs, DEarth/DSun=0.09/1.0 AU

 5/13 25 ksec, 8 FOVs, DEarth/DSun=0.08/1.0 AU

 6/7 33 ksec, 15 FOVs, DEarth/DSun=0.23/0.94 AU

     ( 3ksec for background)

http://www.tamanti.it/Solar%20Sys/73P%20S-W%2024-04-06.htm
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We translated raw CCD images to overlay the position of the nucleus from the 

ephemeris data, using the special program written by Dr. Negro (Nihon Uni.).

XIS BI 0.2-0.8 keV
5/13, 8 FOVs
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In order to trace this rapidly moving object, we have to change the FOV many times. 
The maximum moving speed was 16 arcmin/hr on 5/13. Thanks to efforts by the 
Suzaku operation team, all the observations were successfully done.

The pass of the 
comet in the sky

XIS BI 0.2-0.8 keV

Sun

XIS BI 2-10 keV
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The X-ray emission from the 73P/SW C is clearly detected in the soft band images. 

This is the first time detection of X-rays from comets with the Japanese satellite.

Hyakutake (ROSAT)

A slight shift
(~104 km) sunwards
is consistent with
the past observations
of the other comets

Because significant X-ray time variation is 

one of the characters of the comet, we 

examined possible time variation in the 

two energy bands (0.2-0.8 and 2-10 keV). 

Then, one the third observation are found 

to be variable in the soft band. We 

compared the spectra of the comet from 

the entire CCD chip on 5/7, 13, and 6/7. 

The comet was brightest on 6/7.
Time [ksec]

C
o

u
n

t/
s
e

c

6/7 
0.2-0.8 keV

1

2

3

4

5 6-15

0.5 day

Energy  [keV]

C
o

u
n

t/
s
e

c
/k

e
V

0.80.2

6/7-1(BGD),
2,3,4,5,6-15

5/7,
5/13,
6/7,

6/7BGD

C
o

u
n

t/
s
e

c
/k

e
V

Energy  [keV]

XIS BI spectra of the comet r5’ area centered at the comet

As indicated from the 

light curve, the spectra 

was  variable during 

the observation on 6/7.

Line emission is seen 

in 0.2-0.8 keV.

First,we fitted the brightest spectrum of the comet (6/7-4) with 9 narrow gaussian 

models. The line center and intensity were free. The model describes the data well 

and hence we proceeded to the modeling of the other observations with the same 

model while the line centers are fixed, due to the limited photon statistics. We added 

one gaussian for the spectra on 5/7 and 5/13, centered at ~870 eV.
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#2/d.o.f = 52.8/30

#2/d.o.f = 45.0/32

#2/d.o.f = 27.6/26

#2/d.o.f = 37.9/34

#2/d.o.f = 62.5/48

#2/d.o.f = 3.64/4
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Summary of the line centers and the identification from the 6/7-3 and 5/7 fittings

LX~2.8x1015 erg/s

LX~3.7x1015 erg/s LX~1.8x1015 erg/s

LX~6.4x1015 erg/sLX~7.5x1013 erg/s

LX~1.5x1014 erg/s

We have successfully detected X-ray line emission from the comet 73P/SW C.  Below 

we discuss the origin of the time variation seen in the 6/7 observation and also calculate 

the column density of the coma, to confirm the emission mechanism even more.

Line intensities 1)-5) Line intensities 6)-10)
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With high S/N, we 

identified the forbidden 

OVII line and the CVI  

lines from the high 

Rydeberg state which 

support the charge 

exchange model. 

ACE solar wind data Similar time variation is detected in the solar wind data of 
ACE and WIND.However, there is a time delay of ~1.5 day 
between the Suzaku and these two. Using the satellite positions,
we can predict an arrival time of the variation, considering the
solar wind Corotating Interaction Region (CIR). 

We found 30 min delay 
between ACE and WIND data,
which is consistent with the CIR 
picture; 0.24 deg/(14.7 deg/day)
= +24 min

1.015 AU
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Based on the solar wind ion data,
we can estimate the density of the coma.
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as the coma density
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Fig. 2.— Suzaku XIS images after correcting for the satellite’s orbital motion and Jupiter’s

ephemeris in the (a) 0.2–1 keV (BI) and (b) 1–5 keV (FI) bands. The images are binned

and smoothed in the same way as figure 1. In the panel (a), a circle indicates the expected

position and size of Jupiter whose diameter is 39 arcsec. In the panel (b), grey lines indicate

the equatorial crossing of magnetic field lines at 2, 4, 6, and 8 Jovian radius (Rj). A black

line is the path traced by Io. A photograph of Jupiter by Cassini taken from the JPL web

site is overlaid. An arrow indicates the direction of the Sun. Boxes are used to obtain the

projection profiles in figure 3.
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装置開発の例

マイクロカロリメータ：X線の熱量計、従来の半導体
検出器よりも格段にエネルギー分解能を向上 

断熱消磁冷凍機：極低温(50 mK)を uK の精度で制御 

望遠鏡：集光装置、解像度と軽量性を大きく向上

256 pixel カロリメータ マイクロマシン技術 
を用いた独自のX線光学系

100 mm

2 cm
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GEO-X 計画



GEO-X 計画
科研費 特別推進研究, 都立大 重点研究,  

JAXA 小規模計画に採択 
都立大 HP より引用



XRISM 計画

JAXA 中型計画 
カロリメータ、望遠鏡開発 
JAXA HP より引用




