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There are many important topics, 
which ASTRO-H and Fermi should 
work together to understand the 
high energy universe.

ASTRO-H (launch in 2015 JFY) 
will push on X-ray astronomy to a new exciting phase
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X-ray observation is very sensitive to the existence of the 
distribution of high energy electrons (particle accelerators)
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Cooling time of X-ray emitting electrons is much shorter than radio ones

1. Synergy between X-ray and Gamma-ray
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1. Synergy between X-ray and Gamma-ray

4. Blazar

✓ ✏
(From T. Takahashi).✒ ✑

19

Blazar spectra 
from accelerated  
particles

Simultaneous flare in light curves are often 
observed in X-ray/TeV gamma-ray (Due to the 
change of acceleration efficiency in the jet or 
condition of accretion disk)
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Fig. by Kataoka



2. ASTRO-H Mission
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!
ASTRO-H, which is the 6th in the series of the X-ray observatories from Japan, 
is designed to have 
	 1) Higher Energy Resolution 
 and  
	 2) Wider energy coverage with  higher sensitivities  
than existing X-ray missions.

2008: The ASTRO-H project has 
officially started. 
2010: PDR completed 
2012: CDR completed

ASTRO-H is an international X-ray 
observatory. More than 200 
scientists  from Japan/US/Europe/
Canada are involved in.



1) Science operations will be similar to those of Suzaku, with pointed 
observation of each target until the integrated observing time is 
accumulated, and then slewing to the next target.  
2) The area of the sky accessible at a time is a belt within which the 
Sun angle is between 60◦ and 120◦.  
3) It is expected to take ∼72 min for the 180◦ maneuver. 

HXI (Hard X-ray Imager)

SGD (Soft 
Gamma-ray 

Detector)

SXS  (Micro Calorimeter)

SXI  (X-ray CCD)
Weight 2.7 t
Height  14 m

2. ASTRO-H Mission
• Orbit Altitude:  550km 
• Orbit Inclination: ~31 degrees 
• Launch : 2015 (JFY) 

SRON & U. of Geneva 
 Filter Wheel/MXS for SXS 

CEA/DSM/IRFU 
Contribution to BGO Shield/ASIC 
test 

ESA  
     Three Science Advisors 

Contribution to mission 
instruments 
User support in Europe

NASA  
    Micro Calorimeter Array/ADR 
     Two soft X-ray Telescopes 
     Eight Science Advisors 
     Pipeline Analysis

CSA 
Metrology System 

International Contribution
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2. ASTRO-H Team 
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SPIE%paper%2014

Note: 
Fermi LAT paper  
(Atwood et al. 2009) 
Authors: 240

Authors: 254 
(Scientists 201) 
Institutions: 64



3. ASTRO-H Mission Overview
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ASTRO-H is the first mission to 
carry out high resolution 
spectroscopy of extended objects 
at Fe-K

1. High Resolution Spectroscopy  
 by a micro-calorimeter array

2. Wide Band /High Sensitivity 
Observation 
!
0.3 keV - 600 keV : Four Instruments 
including Hard X-ray Focusing optics

CCD

Si/CdTe Compton CameraXRT

Si/CdTe ImagerMicro Calorimeter



Total Length  
14m

Extendable 
Optical 
Bench 
(EOB) 
6.3 m

3. ASTRO-H Mission Overview
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Total Length  
14m

Extendable 
Optical 
Bench 
(EOB) 
6.3 m

Telescopes (2 HXT + 2 SXT)

Hard X-ray TelescopeHard X-ray Telescope

Soft X-ray Telescope 
for MicroCalorimeter

Soft X-ray Telescope 
for X-ray CCD
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Hard X-ray Telescope
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HXT

SXT

300%cm2%(@30%keV)%

Bragg%ReflectionIncident X-ray (λ)

θ
nλ= 2d sinθ

Heavy Material (Pt)

Light Material (C)

gap (d)

• Pt/C depth-graded multilayer X-ray telescope 
• Large photon collecting area above 10 keV. 
• Careful calibration using SPring-8 Hard X-ray 
Beam line was performed

HPD < 1.7 arcmin •Nagoya U., Ehime U., ISAS, Chubu U.



Total Length  
14m

Extendable 
Optical 
Bench 
(EOB) 
6.3 m

Instruments on the HXI plate

Si+CdTe Hybrid 
Hard X-ray Imager



Total Length  
14m

Extendable 
Optical 
Bench 
(EOB) 
6.3 m

Instruments on the baseplate
Soft Gamma-ray 
Narrow FOV Compton Camera

MicroCalorimeter 
in the Dewar (50mK)

Large Area X-ray CCD Soft Gamma-ray 
Narrow FOV Compton Camera



Micro-calorimeter and Dewar
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• X-ray micro-calorimeter spectrometer with energy 
resolution better than 7 eV (FWHM)  

• 6 × 6 array with 3’ × 3’ field of view 
• Operated at 50 mK 

– Nominal expected liquid He lifetime 3.3 years

SXS detector assembly SXS dewar

5mm
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NASA/GSFC

5%mm

Micro-calorimeter and Dewar

(Takahashi et al., 2012, SPIE, 8443, 1)



Energy resolution: ΔE ~7eV  

Micro-calorimeter and Dewar



5. Broadband Coverage by ASTRO-H
 Vast improvements in Hard X-ray/Soft Gamma-ray

Similar to NuSTAR



Si/CdTe Compton Camera 
installed in Narrow FOV (BGO) Active Shield 
Takahashi+(2004), Tajima+(2010), 
Watanabe+(2012), Fukazawa+(2014)

Soft Gamma-ray Detector (4-600 keV)

32 layers of Si pixel  and 8 layers of CdTe pixel

Si/CdTe Compton Camera

13312 pixels in total are 
processed independently  

 by 208 readout ASICs 
for one camera

6 Compton Camera 
for SGD1 and SGD2

Gamma-ray Detector onboard ASTRO-H



From ASTRO-H White Paper (Broad band Spectroscopy and Polarimetry) L. Stawarz et al.

Mrk 501 (Outburst) 
60-100 keV energy band 
F13-200keV=16 x 10-10 erg/s/cm2 
Degree of polarization 30 %

Energy dependent polarization measurement from 
  Crab Pulsar/Nebula 
  Microquasars 
  Blazars 

Gamma-ray Detector onboard ASTRO-H
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!ASTRO-H SGD-shield could provide  
   complementary dataset to Fermi-GBM

!5~60 % of GRBs can be detected by 
   Fermi and SGD-shield simultaneously 
 (based on Suzaku-Fermi detection rate)

Gamma-ray Detector onboard ASTRO-H
Gamma-ray Burst Detection

M. Ohno et al.(2014) 
(See Poster)



Thermal Emission from Non-thermal SNR

Suzaku  (Sano+, 2013) Suzaku (Takahashi+, 2008, Tanaka+, 2008)

RX J1713.7−3946

• X-ray thermal emission can be used to estimate the gas density and the 
fraction of shock energy consumed for heating (important information to study 
the origin of the Gamma-ray emission)  
• Synchrotron X-ray spectrum beyond the cutoff measured with HXI is also 
important to study maximum energy attainable in the SNR. 



Thermal Emission from Non-thermal SNR
• X-ray thermal emission can be used to estimate the gas density and the 
fraction of shock energy consumed for heating (important information to study 
the origin of the Gamma-ray emission)  
• Synchrotron X-ray spectrum beyond the cutoff measured with HXI is also 
important to study maximum energy attainable in the SNR. 

ASTRO-H Simulation 
(WP18, Aharonian, Uchiyama+ (2014))Suzaku  (Sano+, 2013)

RX J1713.7−3946



Jet-Disk Coupling in Active Galaxies

Jet/Outflow  
Launching  
Feedback

RXTE + EGRET  (Kataoka, TT+, 2002)

3C273 
a slightly misaligned FSRQs,  
observed at intermediate  
angles of about ∼ 10 deg.

X-ray: 
Continuum from  
disk/corona and jets)
Weak fluorescent Fe line 
(detectable with  
micro-calormeter)



Jet-Disk Coupling in Active Galaxies

Jet/Outflow  
Launching  
Feedback

RXTE + EGRET  (Kataoka, TT+, 2002)

3C273 
a slightly misaligned FSRQs,  
observed at intermediate  
angles of about ∼ 10 deg.

X-ray: 
Continuum from  
disk/corona and jets)
Weak fluorescent Fe line 
(detectable with  
micro-calormeter)

Abdo et al. 2010

ASTRO-H WP19 
(Lukasz, Paolo et al.)

Fermi



Turbulent and bulk motions in Cluster of Galaxies

From Merging Clusters, ASTRO-H can 
obtain dynamical information about the 
ICM from line shifts, widths 
First ever probe of:  
• plasma viscosity  
• turbulent pressure support  
• merger dynamics 
• motions induced by AGN feedback 

Perseus Cluster

From ASTRO-H White Paper (Cluster related science) S. Allen, T. Kitayama, M. Markevitch et al.



Perseus Cluster

Upto 30 keV

From ASTRO-H White Paper (Cluster related science) S. Allen, T. Kitayama, M. Markevitch et al.

Turbulent and bulk motions in Cluster of Galaxies



Dark Matter Search (Sterile neutrino?)!
)

68 Cluster of Galaxies  
(stacked analysis) Perseus Cluster

?



Dark Matter Search
ASTRO-H Simulation (Perseus Cluster) 1Msec

ASTRO-H WP11, Kitayama, Tamura, Allen+



2012 Aug (TTM) 



2013 May (Acoustic Test) 



2014 April (EIC/MIC) 



2014 June (EIC/MIC) 



11. Summary
1) ASTRO-H is scheduled to fly in 2015JFY. Wide-band and high-
resolution observations will provide exciting data sets for many 
science fields 
!
2) ASTRO-H will enable direct observations of the dynamical 
evolution of stars, galaxies and clusters; powered by micro-
calorimeters.  
!
3) Synergy with other new X-ray (NuSTAR, eROSITA, Astrosat etc.) 
missions and other wavelength (CTA, Fermi, LOFAR, ALMA, JWST, 
GW ...) observatories should be important 
!
   2014 Nov - 2015 Oct : Final Integration and Testing 
   ASTRO-H Science Cases (White Papers) will be available soon 
from astro-ph.
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ASTRO-H International Team
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ASTRO-H International Team

Science Task Force
Stars		  

White dwarfs 
Low-mass binaries	  

High-mass binaries and magnetars	  
Black hole spin and accretion	 	   

Young SNRs	 	  
Old SNRs and PWN	 	  

Galactic center	 	  
ISM and galaxies	 	  

Cluster-related sciences	  
AGN reflection	 	  

AGN winds	 	   
New spectral features	 	  

Shocks and acceleration	 	   
Broad-band and polarization	 	  

High-z chemical evolution



A. Appendix



A. Appendix

4’

HXI1

HXI2

SGD FineCollimator Full FOV 66’×66’
(Contour for Transmission=0 for E~40 keV)

SGD FineCollimator FWHM FOV 33’ × 33’
(Contour for Transmission=0.5 for E~40 keV)

SXI 1CCD FOV 18.9’

SXI Imaging Area Gap ~40”

SXI CCD1

SXI CCD2

SXI CCD3

SXI CCD4

4’

SXS  3.05’×3.05’
HXI1 9.17’×9.17’
HXI2 9.17’×9.17’
SXI   38.5’×38.5’

SGD Shield Full FOV 19.3°×19.3°
(Contour for Transmission=0 for E~200 keV)

SGD Shield FWHM FOV 9.65°×9.65°
(Contour for Transmission=0.5 for E~200 keV)

The center of the SGD FOV is designed to match the SXS FOV center. File Revision: 20141010_0951SN

SGD FineCollimator
Full FOV 66’×66’
SGD FineCollimator
Full FOV 66’×66’

Look-up View

Calibration 
Source (55Fe)



Resolving power
(Takahashi et al., 2012, SPIE, 8443, 1)


