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Orphan 
stellar-mass BH
（<102 Msun）

AGN ang 
galactic BH jet

Major merger of 
Clusters of 
galaxies

• Our primary scientific objectives are
– to search for “missing black holes” in entire mass-scales and to trace their 
cosmic evolution, and

– to investigate the acceleration mechanism of relativistic particles at 
various astrophysical shocks 

Inter-mediate
mass BH
（102-4 Msun）

Scientific Objectives
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Buried Super-massive BH
(>104 Msun）

Forward and 
reverse shocks 

at SNRs



Resolving the CXB and 
constraining the SMBH growth

• The CXB peaks at around 30 keV where heavily-obscured AGNs 
significantly contribute

• The heavily-obscured, Compton-thick AGNs has barely been 
resolved by soft X-ray survey below 10 keV

• A sensitive hard X-ray survey is strongly demanded to 
understand the entire CXB spectrum and also the SMBH growth
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Cosmic-ray acceleration in 
supernova remnants

• Hard X-ray imaging above the synchrotron cut-off 
energy (>10keV)
– sensitive to the maximum-energy gained particles
– Even small Emax variation leads to large flux variation in 
this band

– Spatial resolved evaluation of B and ΔB 
6

Bamba+03, 05, Uchiyama+07
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• Discovery of non-thermal emission and spatial variation of the RRC 
components from W49B with NuSTAR  (Tanaka+18, Yamaguchi+18)

• flat spectrum (Γ~1.4), good for hard X-ray observations
– likely non-thermal electron bremsstrahlung from sub-relativistic particles

• Strong RRC emission is a sign of recombination plasma, which is a 
new tool to study how SNRs evolves 

W49B: non-thermal and thermal emission 
in the hard X-ray band
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NuSTAR Spectrum above 9 keV NuSTAR Spectra of the West region
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Mission Requirement
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• High sensitivity in Hard X-ray 
– 2-3x10-15 erg/s in 10-40 keV

• Broadband response
• Effective area comparable with or larger than that 
of NuSTAR
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Why less than 15” 

• A sensitivity limit of 2-3x10-15 erg/cm2/s is our goal 
– Confusion limit determined the sensitivity assuming the A-H HXI BG 
level, which requires <15” 

– equivalent to 80% resolution of CXB in 10-40 keV
• 1 Ms exposure is necessary for one-pointing 

– Considering Vignetting effect, the number could be double, 
2Ms = 1.7month

– 360 arcmin2 / 7’x7’ ≈ 7 pointings ≈ 1yr
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Starburst Galaxy, clouded with X-ray 
point sources including ULXs

• NGC 253, bright, nearby, and one of the best-studied starburst 
galaxies

• Left shows 495 ks NuSTAR image while right shows ~400 ks
FORCE image as expected from the current design
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FORCE satellite
• Focal length 10 m
• 3 identical pairs of super-
mirror and detector
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X-ray Super-mirror
ü Light-weight Si 

mirror provided 
by NASA/GSFC

ü Multi-layer coating directly 
on the Si mirror surface

ü Unprecedented angular resolution of <15” in hard X-ray

Wideband Hybrid X-ray Imager (WHXI)
ü New Si sensor (SOI-CMOS) + CdTe hybrid 
ü Low BG with active shield, the same 

concept as the A-H’s hard X-ray         
detector

ü Wideband sensitivity                                   
of 1-80 keV
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Wide-band Hybrid X-ray Imager

12

• Si + CdTe Hybrid detector with active shield
– The same concept as ASTRO-H HXI, low cost and low risk

• Replacing Si top layer from strip detector to SOI-
CMOS pixel sensor
– Low readout noise could be achievable, lowering the enregy
threshold down to 1 keV

– similar working temperature to that of CdTe
– anti-coincidence technique can be utilized thanks to good 
time resolution and self-trigger function 
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SOI-CMOS pixel sensor, SOIPIX

• CMOS pixel sensor with Silicon-On-Insulator (SOI) technique 
– Monolithic, thick depletion layer 

• Active pixel sensor with self-trigger function
– pile-up free and anti-coincidence with active shield  

• Its fast readout allows relatively high working temperature
and also hybrid design with CdTe

2019/9/8-13 13X-ray Astronomy 2019

 基本構成
 Circuit Layer : ~40 nm
 Buried Oxide (BOX) : 200 nm
 Sensor Layer : 50 - 725 μm

 SOIピクセルプロセス
 ラピスセミコンダクタ(株)と共同開発
 しているSOIピクセル検出器をプロセス
 するための新しい技術．
 実用レベルでは世界唯一．

SOIピクセル検出器の特徴
- 金属バンプボンディングがない
    -> 高密度・低寄生容量・高感度
- 一般的なCMOS回路により構成
- 一般的な産業技術を基盤とする

reaching to the CCD 
energy resolution

Event-driven readout 
imaging



Athena and FORCE

• Athena and FORCE will play complementary roles to each other
• AGN survey

– high redshift AGNs (Athena) with z>3 and low redshift AGNs (FORCE)
– broad band spectra come into the soft X-ray band due to K-correction

• SNR spectroscopy 
– thermal (Athena) and non-thermal (FORCE)
– high energy resolution and broad-band coverage
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Suzaku (2005-2015)

Timeline of X-ray missions
with focusing optics

2000 2010 2020 2030

15

XMM-Newton (1999-)

Chandra (1999-)

Swift (2004-)

NuSTAR (2012-)

AstroSat (2015-)
eROSITA/ART-XC/
SRG (2019-)

Athena (2030-)

XRISM (2022-)

Hitomi (2016)

Japanese mission

FORCE (2026?-)
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Summary
• FORCE (Focusing On Relativistic universe and
Cosmic Evolution) is a concept of next Japanese-
small class mission after XRISM, characterized by 
broadband (1-80 keV) X-ray imaging spectroscopy 
with high angular resolution (<15”) 

• FORCE will trace the cosmic evolution of black 
holes in entire mass-scales, and investigate the 
origin and acceleration mechanism of relativistic 
particles at various astrophysical shocks 

• We are proposing this mission to be realized 
in the mid/late 2020s 
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May the force be with you
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