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研究成果の概要（和文）：宇宙最初期に誕生する超巨大ブラックホール「ファーストブラックホール」を探査・
研究し，銀河も含めた形成と進化を読み解くことが最終目標である．本研究では，広帯域，精密撮像，精密分光
とともに，反同時計測による低バックグラウンド性能を実現可能な，マイクロ秒時間分解能のX線SOIPIX検出器
の開発を行った．
イベント駆動可能な23.3万画素の大型素子と，6.4keV X線に対するエネルギー分解能216eV (FWHM)を実現した．
本研究の成果を受け，本X線SOIPIXを主観測装置とするX線天文衛星FORCEが宇宙科学研究所のワーキング・グル
ープとして認められ，また学術会議の大型研究計画にも選定された．

研究成果の概要（英文）：The goal of this study is to explore "First Black Holes" born in the early 
universe, and to understand the formation and evolution of the universe. For this research, we have 
developed an X-ray SOIPIX detector with microsecond time resolution that can realizes low background
 performance by anti-coincidence technique as well as performances of broadband, imaging and 
spectroscopy.
We realized a large device with 23.3 million pixels, and a devices with an energy resolution of 216 
eV (FWHM) for 6.4 keV X-rays in the event-driven readout mode. Based on the results from our 
research, a working group of the X-ray astronomical mission, FORCE, with X-ray SOIPIXs as its main 
instruments was established in ISAS. The FORCE mission was selected as one of Large Research 
Projects by Science Council of Japan. 

研究分野： 高エネルギー宇宙物理実験

キーワード： X線天文学　宇宙物理　X線検出器　ＳＯＩピクセル検出器　ＳＯＩＰＩＸ　Ｘ線　検出器

  １版

令和

研究成果の学術的意義や社会的意義
本研究により，最終目的である「ファーストブラックホール」の探査・研究への道が開かれた．この観測装置
は，広がったX線天体に対する感度も高い．従って，超新星残骸，銀河団，銀河中心領域の硬X線での分光撮像に
基づく，高温・非熱的宇宙の研究にも寄与する．
この検出器を用いた公募研究も進み，新たに６つのサイエンス領域を切り拓いた．具体的には次のような新たな
基礎物理学分野の創出にも繋がった：アクシオン探索，低質量暗黒物質探索，宇宙X線タルボ干渉計観測，弱い
等価原理(重力質量と慣性質量の等価)検証．電子トラック型コンプトンガンマ線カメラの研究開発が始まった．
また，X線撮像蛍光分析分野への応用の提案も受けた．
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X-ray SOIPIX with Active Shield

Onboard Processor
 ● Anti-coincidence (NXB rejection)
 ● Hit-pattern Selection (NXB rejection)
 ● Direct Pixel Access (X-ray Readout)

SOIPIX 
Stack

Field of View
Cosmic Ray 

(Non-Xray-BG)

Active 
Shield

X-ray 
Hard  Soft 

Anti-coincidence Shield 
by Scintillators 
Rate ~10kHz

X-ray Particle 
BGD

SOIPIX

CdTe

“XRPIX” = SOI pixel sensor for X-ray Astronomy 2

Each pixel has its own trigger logic 
and analogue readout CMOS circuit. 
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Fast CMOS 
(low ρ Si)

Insulator
(SiO2)

Sensor 
(high ρ,  

depleted Si)

• event rate from the scintillators is about 10kHz
• required to have time resolution much faster 

than 10kHz

Time Resolution 
better than 

10μsec

XRPIX2

XRPIX2b

XRPIX3

XRPIX3b
XRPIX5b

XRPIX6H XRPIX6D XRPIX6E

• We have reduced the readout noise basically by increasing output gain. 

• In the Event-Driven mode, the trigger circuit operation interferes with the 

analogue output, which degrades the spectral performance. 

• We have reduced the interference by improving the device structure.

XRPIX1

XRPIX1b

2010 2011 2012 2013 2014 2015

XRPIX4

2016
1st Generation 2nd Generation 3rd Gen. 4th Gen.

1st

Stage

Amp.

Source

Follower Charge Sensitive Amp.

Single

SOI

Double

SOI

PDD

SOI

Device 
Structure

& u EB C J
xy , z

μ

EB
EB C77

y uz
JDC J-N ),YYg YY



3
,

",YY
"

w )(YY

" &,YY .&(YY v

4() 4( 6()
C u

q
w ×
q x 4() 4( EB u
C77

,(W H &
" .&,W H J

). H "9I " ,

t
z EB C J J 9BD68

w

EB
JDC J/")-& d ,&. YY
. Y & J w

0 d 0 w

J 9BD68 w
C77

r r t r
r r

EB C J
s w

J r "
w

J z

o p 0
)& F `MX U UfU S P RR O` `T EB Ud X R J Me M ` YUOMX a

U & AU TU WM K& FMW PM 4& FMW NMeM TU A& FMW MWM D& ` MX& " ()1
A C4 1 , ,/ &

& C R YM O R `T EUXUO B aXM` Ud X R J Me M ` Ye JDC J.8
aU P cU`T U P P X ` P PU P ` aO`a M MPM E& F a a F& :& FM MWM

F& GOTUPM & M` aYa M & ` MX& " ()1 A C4 1 , ,.0&
& C ` MPUM`U PMYMS d UY ` R J Me EB Ud X P ` O` KM U`M &

TYa M F& MSU & SU F& B & ` MX& " ()1 A C4 1 , ,-/&
,& E`aPU R MPU MO`Ub NMOWS a P U EB Ud X P ` O` R XM MdU M OT

d UY ` B aWU K& : UYMXP =& 4& & B F& 4UTM M & a K& ` MX&
" ()1 A C4 1 , ,,0&

-& 8bMXaM`U R e ` b ` P Ub J Me M ` YUOMX EB Ud X cU`T M
XM S UYMSU S M M MeM TU & F a a F& :& FM MWM F& GOTUPM & M` aYa M
& ` MX& " ()1 A C4 1 , ,((&

.& e ` b ` P Ub d Me M ` Ye EB Ud X R `T 9BD68 YU U
F a a F& :& MeM TU & FMOTUNM M & M MPM E& GOTUPM & ` MX& " ()0
EC 8 )(/(1 )(/(1( &

,& JDC J 8
-/6 J

q

Cd-109, Vbb=10V,  Room Temp.

14mm

Capability of event rate > 500Hz

 (movie in10 times speed)

透かし彫り栞/金

https://www.u-coop.net/kyodai/goods/indicate.php?mode=detail&id=27&category=6
860 円

SIZE:W35×H85mm
◆純金表面加工◆時計台を透かし彫りにした実用性の高いアイテムです。

Imaging in Event-Driven Mode (2G / XRPIX5b)  12
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