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ASTRO-H (launch in 2015 JFY)
will push on X-ray astronomy to a new exciting phase

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

high energy universe.



1. Synergy between X-ray and Gamma-ray

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
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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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2. ASTRO-H Mission

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.

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

Spectroscopy
(for diffuse source)

ASTRO-H
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Chandra Suzaku
2008: The ASTRO-H project has
officially started.

Angular Area for 2010: PDR completed

Resolution XMM Hard X-rays 2012: CDR completed




2. ASTRO-H Mission

SGD (Soft
Gamma-ray
Detector)

SXI (X-ray CCD)

Weight 2.7 t
l SXS (Micro Calorimeter)

Height 14 m
Xl (Hard X-ray Imager)

1) Science operations will be similar to those of Suzaku, with pointed

e Orbit Altitude: 550km
e Orbit Inclination: ~31 degrees
e Launch : 2015 (JFY)

International Contribution

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

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

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

Sun angle is between 60° and 120°.
3) It is expected to take ~72 min for the 180° maneuver.

CSA
Metrology System
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3. ASTRO-H Mission Overview

1. High Resolution Spectroscopy

Cutting-edge . W 5ot x-ray Imager (SX) by a micro-calorimeter array

This & 3 wide field-of view X-ay

|l‘l$tﬂl ments camera using an array of four

largeformat X-ray CCD chips. It

range of 0.5 keV 10 12 keV.The
detector will be placed in the main
body of the satellite.

at Fe-K

\

Soft Gamma-ray Detector (SGD)
Mary layers of semiconduciorn Sensors

are stacked to optimize the sensithvty

of the gamma-say spectrometer. Since
gamma-1ays have 3 higher penetrating
power than X-rays, this instrament

pPlays an important roke investigating
astronomical objects surrounded by

dense gas.

Reflecting X-ray Telescopes (SXT/HXT) /
This instrument focuses X-rays from celestial

objects onto the detectors, Unlike the sngle lenses

and mirrors usually used for visible Sght, this X-ray

reflecting tedescope is made wp of over one

thousand reflector-coated aluminum fods stacked

Into concentns circles

Soft X-ray Spectrometer(SXS)

Specialzed detector elements are cooled down 1o
near absolute 2ero (-273 degrees Celsius) using a
series of refrgeration enits. When an Xoray hits a
detector element, its temperature slightly raes This
ncrease in “heat” is measured, and from this the

l

Soft X-ray Spectrometer
System (SXT + SXS)

B oo sy ASTRO-H is the first mission to
carry out high resolution
Camera spectroscopy of extended objects

2. Wide Band /High Sensitivity
Observation

0.3 keV - 600 keV : Four Instruments
Including Hard X-ray Focusing optics

Hard X-ray Imaging
System (HXT + HXI)

energy of the incident X-ray can be estimated to a
higher degree of accuracy than any achieved to date.
Researchers from around the world have great
expectations for this instrument, the centerpiece of
ASTRO-H.

Soft X-ray Imaging
System (SXT + SXI )

L-ray wasor s 3gnal-peoceing electrorcy

Hard X-ray Imager(HXI)

This produces images of objects in the hard
X-tays above 5 keV using a combination of
silicon and cadmium telluride
seme-conduton. Snce ths imagng
telescope has a 1 2-meter focal length, this
sensor will be placed at the end of a boom
Clowe 49 wew of e maie Jerace pet which will be extended in orbat,

Micro Calorimeter Si/CdTe |

0.1 keV 1 keV

~ 100 keV



3. ASTRO-H Mission Overview
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Total Length { }

14m A

Extendable
Optical
Bench
(EQOB)
6.3 m




Telescopes (2 HXT + 2 SXT) “
Soft X-ray Telescope \

for MicroCalorimeter

Soft X-ray Telescope /* #
for X-ray CCD i

J ﬂ I
JRE

NN YV A4

Total Length {
14m

Extendable
Optical
Bench
(EQB)
6.3 m

Hard X-ray Telescope Hard X-ray Telescope 10



Hard X-ray lelescope

Effective area (cm®)

e Pt/C depth-graded multilayer X-ray telescope
e | arge photon collecting area above 10 keV.

e Careful calibration using SPring-8 Hard X-ray
Beam line was performed

1000 [

100 |

300 cm? (@30 keV)

: 5.0. ;
energy (keV)
HPD < 1.7 arcmin

100

Bragg Reflection

nA=2d sinf

Heavy Material (Pt)

~Light Material (C)

gap (d)

eNagoya U., Ehime U., ISAS, Chubu U.

11



Instruments on the HXI plate

Si+CdTe Hybrid
Hard X-ray Imager TN

——

Total Length { }

14m A

Extendable
Optical
Bench

(EOB)
\\&ﬁm




Instruments on the baseplate “ =1

Soft Gamma-ray
Narrow FOV Compton Camera

——

MicroCalorimeter ~
iNn the Dewar (50mK)
Total Length i

14m A

/

o

Extendable
Optical
Bench
(EQOB)
6.3 m

Large Area X-ray CCD Soft Gamma-ray
Narrow FOV Compton Camera
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Micro-calorimeter and Dewar

* X-ray micro-calorimeter spectrometer with energy
resolution better than 7 eV (FWHM)

*0 x 6 array with 3" x 3’ field of view
* Operated at 50 mK

— Nominal expected liquid He lifetime 3.3 years
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Micro-calorimeter and Dewar

Primary  Secondary
p;

X-ray Calorimeter Spectrometer X-ray photon

Thermometer

[l
I

Soft X-ray Telescope
A{E) = Axr(E) * t(E) * psf * f,,.,, * a(E)

t = transmission of blocking filters

psf = x-ray image point spread function
faray = geOMetric filling factor of array

a = absorption efficiency of detector
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Counts /1 eV bin
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Energy [keV]
(Takahashi et al., 2012, SPIE, 8443, 1) 15



Micro-calorimeter and Dewar

Energy resolution: AE ~7¢eV

r T T T T T T I 1 T T T | | T T
Centaurus cluster (50 ks) - - ]
A I He-like FeK :
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Chandra image
from Fabian+(2005)
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5. Broadband Coverage by ASTRO-H

Vast improvements in Hard X-ray/Soft Gamma-ray

Flux [ph em™2 s7" keV™']
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Gamma-ray Detector onboard ASTRO-H

~— e v.! ey SOft Gamma-ray Detector (4-600 keV)

A

Si/CdTe Compton Camera

Al fram
5 ) o

ADB —»

32 layers of Si pixel and 8 layerg of CdTe pixel

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

Watanabe+(2012), Fukazawa+(2014)

e ~BackProjection (S-CaTe) — 13312 pixels in total are
| SR - - processed independently
by 208 readout ASICs

for one camera

50 TR

6 Compton Camera
for SGD1 and SGD2




Gamma-ray Detector onboard AST

RO-

Energy dependent polarization measurement from
Crab Pulsar/Nebula :
Microquasars HHH‘HI
Blazars e
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1.3

S
—
(V)
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1.0
0.9
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n

TTTT

| | I | | 1 | | | | | | | | 1 1 1 I | | ] ]
150 -100  -50 0 50 100 150 Degree of polarization 30 %
¢ [degree]

Photo-absorption

Mrk 501 (Outburst)
60-100 keV energy band

F13-200kev=16 X 10710 erg/s/cm?

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



Gamma-ray Detector onboard ASTRO-

Simulated Light Curve (All)

Gamma-ray Burst Detection

— Entries
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Thermal Emission from Non-thermal SNR

e 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)

e Synchrotron X-ray spectrum beyond the cutoff measured with HXI is also
important to study maximum energy attainable in the SNR.

XIS 0+1+243 (1-5 keV)

RX J1713.7-3946 || IR f | o2
_g -1 L _'
-39030' 21.0 '» F —]

: § o2 _
:5: 14'02 B 10~ i::-:::::::::u::' e
< 3 EiEaN! il +
- SR B i ik
B
; A | 1K 0.7 1.0 Ez.o 3.0 5.0 7.0 10.0

17116M 17112m nergy [keV]

Right Ascension (J2000)

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



Declination (J2000)

Thermal Emission from Non-thermal SNR

e 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)

e Synchrotron X-ray spectrum beyond the cutoff measured with HXI is also
important to study maximum energy attainable in the SNR.

XIS 0+1+2+3 (1-5 keV) | o0 1— ——— 1 —
RX J1713.7-3946 1} — Total
—— Thermal
v 0 ——- Synch -
-39030' 8 210 & é Suzaku
. —. 5
g > -1
a 9
1400
| £
-40000' ',TC_’ LIJC
)
7.0 o -3 =
.z‘a':u - : L ] |
Suzak s | | 0.0 4 0.5 1 10
17h16M 17h12m ,
Right Ascension (J2000) ASTRO-H Slmulg’[[léﬁv]

Suzaku (Sano+, 2013) (WP18, Aharonian, Uchiyama+ (2014))



1 3C273

| a slightly misaligned FSRQs,
| observed at intermediate
I angles of about ~ 10 deg.

| X-ray:
1 CGontinuum from
i disk/corona and jets)

\ : Weak fluorescent Fe line
\ | (detectable with

. '5micro—calormeter)

| acara |

46 —
3
{ 44 -

szl

IOIII:I | 1I5 | i 2|0 | 2
frequency log v (Hz)
RXTE + EGRET (Kataoka, TT+, 2002)

Jet/Outflow
Launching

Feedback



| scers 13C273
' | a slightly misaligned FSRQs,
46 L | observed at intermediate
_ 1 angles of about ~ 10 deg.
S ASTRO-H WP19
3 (Lukasz, Paolo et al.)
A & : : ; . . , ,
— 44 o 2 _ . i _o=s[-80~300 ke ¥
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Feedback Abdo et al. 2010 SGD simulation



0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2
Perseus model spectrum (wabsxbapec)
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From ASTRO-H White Paper (Cluster related science) S. Allen, T. Kitayama, M. Markevitch et al.

normalized counts s-' keV-!

From Merging Clusters, ASTRO-H can
obtain dynamical information about the
ICM from line shifts, widths

First ever probe of:

¢ plasma viscosity

e turbulent pressure support

® merger dynamics

e motions induced by AGN feedback

Perseus simulated spectrum (wabsxbapec)
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Turbulent and bulk motions in Cluster of Galaxies

-0.2 0 0.2 0.4 0.6 0.8

1 1.2

normalized counts/sec/keV

Perseus model_s-pectrl-Jm‘ (Wabé*bapec)

Perseus cluster center
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Vgurb = 100 km/b ]
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From ASTRO-H White Paper (Cluster related science) S. Allen, T. Kitayama, M. Markevitch et al.
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Dark Matter Search (Sterile neutrino®)

DIRECT DETECTION OF WARM DARK MATTER IN THE X-RAY

KEVORK ABAZAJIAN,! GEORGE M. FULLER,! AND WALLACE H. TUCKER!'?
Received 2001 May 31 ; accepted 2001 July 31

?

DETECTION OF AN UNIDENTIFIED EMISSION LINE IN THE STACKED X-RAY SPECTRUM OF GALAXY
CLUSTERS
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ASTRO-H Simulation (Perseus Cluster) 1Msec
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Figure 48: Simulated spectra of the Perseus core at z = 0.0178 with (black) and without (red) a dark matter line at 3.55 keV after an
exposure of 1 Msec by SXS. For the dark matter line, we adopt the flux 3 X 10~ ph s~! cm™ within the field-of-view of SXS from
Table 5 of Bulbul et al. (2014) and W,,, = 35 eV corresponding to the velocity dispersion o, = 1300 km s™!. For the ICM thermal
emission, we assume k7" = 4 keV and Z = (.7 solar with no turbulent broadening.

ASTRO-H WP11, Kitayama, Tamura, Allen+
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11. Summary

1) ASTRO-H is scheduled to fly in 20154ry. 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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A. Appendix

Table 2. Key parameters of the ASTRO-H payload

Parameter Hard X-ray Soft X-ray Soft X-ray Soft v-ray

Imager Spectrometer Imager Detector

(HXT) (SXS) (SXI) (SGD)
Detector Si/CdTe micro X-ray Si/CdTe
technology cross-strips calorimeter CCD Compton Camera
Focal length 12 m 5.6 m 0.6 m —

Effective area

300 cm”@30 keV

210 cm“@6 keV
160 cm? @ 1 keV

360 cm“@6 keV

>20 cm”@100 keV
Compton Mode

Energy range 5 —80 keV 0.3 — 12 keV 0.4 — 12 keV 40 - 600 keV
Energy 2 keV < 7eV < 200 eV < 4 keV
resolution (@60 keV) (@6 keV) (Q6 keV) (@60 keV)
(FWHM)

Angular <1.7 arcmin <1.3 arcmin <1.3 arcmin —

resolution

Effective ~9x9 ~3 X3 ~ 38 x 38 0.6 x 0.6 deg”
Field of View arcmin? arcmin? arcmin? (< 150 keV)
Time resolution | 25.6 us O IS 4 sec/0.1 sec 20.6 us
Operating —20°C 50 mK —120°C —20°C

temperature




A. Appendix

SGD FineCollimator Full FOV 66’ x66’
(Contour for Transmission=0 for E~40 keV)

Look-up View

SXS 3.05’'x3.05’
HXI1 9.17°x9.17°
HXI2 9.17°x9.17’
SXI 38.5’x38.5’

SXI Imaging Area Gap ~40”

-

SXI CCD1-" .

N
|

SXI CCD3

Calibration
\‘ Source (*°Fe)

_8XI CCD4

- L4

.~ SXI1CCD FOV 18.9’

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

The center of the SGD FOV is designed to match the SXS FOV center.

N SGD Shield Full FOV 19.3° x19.3°
(C\ontour for Transmission=0 for E~200 keV)
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Resolving power

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