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4+Gas at temperatures of 1 - 100 million degrees.
4+Remnants of exploded stars

4+Matter falling into black holes and neutron stars
+Stellar coronae

4+Winds from star-forming galaxies

+Electrons accelerated in strong magnetic fields
(~102 - 10'* Gauss)

4+Electronic transitions in partially ionized atoms of
atomic number greater than or equal to 4 (Be)
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(Weight) 41970 1980 1990 2000 2010 (Year)

. ASTRO-H
Suzaku ’\ . *
12000 kg
=
Ginga ASCA -
11000 kg NGBS

y
| D — [

BIXRIVF—HUIHETRAERFE2013 20135F984H 8




FEKERPOASTRO-HETE @S VX - 8T

BIXINVF—HUIEBTRSERFE2013 201359848 9




FERERPOASTRO-HETE =25

BIXNVF—AVTIRTRSERFEHE2013 201359840 10
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Cutting-edge Soft X-ray Imager (SXI)
lnstruments This Is a wide field-of-view X-ray

camera using an array of four
large-format X-ray CCD chips. It
provide simultaneous Imaging and
spectroscopic data in the energy
range of 0.5 keV 10 12 keV.The
detector will be placed in the main
body of the satellite.

Soft Gamma-ray Detector (SGD)

Mary layers of semiconductor sensors
are stacked to optimize the sensitivity
of the gamma-ray spectrometer. Since
gamma-rays have a higher penetrating
power than X-rays, this instrument
plays an important role investigating
astronomical objects surrounded by
dense gas.

Clawe-up view of the apertare

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

objects onto the detectors. Unlike the single lenses
and mirrors usually used for visible light, this X-ray
reflecting telescope is made up of over one
thousand reflector-coated aluminum fodls stacked
into concentnc circles,

Soft X-ray Spectrometer(SXS)

Specialized detector elements are cooled down to
near absolute zero {-273 degrees Celsius) using a
series of refrigeration units. When an X.ray hits a
detector element, its temperature slightly rises. This
increase in *heat® is measured, and from this the
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.

X-ray sensor and sgnal-processing electronics

Hard X-ray Imager (HXI)

This produces images of objects in the hard
X-rays above 5 keV using a combination of
silicon and cadmium telluride
semi-conductors. Since this imaging
tedescope has a | 2-metes focal length, this

sensor will be placed at the end of a boom
which will be extended in orbit. 12




ASTRO-H - I5 8 &R AIZRE DIFAX -

Soft X-ray Telescopes
(SXT-S, SXT)

Focal Length = 5.6 m

Hard X-ray Telescopes
(HXT)

Focal Length = |2m

SANTI-A

"
SXT-I
";X"I'1 Microcalorimater X-ray CCD
5,:,? ar power (SXS) (SXI)
‘ Radiator

Soft y-ray detectors

SITSE xaT2 Optical Bench (SGD)

Hard X-ray Imagers
(HXI)
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TABLE 2. Key parameters of the ASTRO-H payload

temperature

Parameter Hard X-ray Soft X-ray Soft X-ray Soft y-ray
Imager Spectrometer Imager Detector
(HXI) (SXS) (SXI) (SGD)
Detector Si/CdTe micro X-ray Si/CdTe
technology Cross-strips calorimeter CCD Compton Camera
Focal length 12 m 5.6m 5.6m -
Effective area | 300 cm?@30keV | 210 cm?@6 keV | 360 cm?*@6 keV | >20 cm?@100 keV
160 cm? @ 1 keV Compton Mode
Energy range 5 -80 keV 0.3 -12keV 0.5-12keV 40 - 600 keV
Energy 2 keV <7eV 150eV 4 keV
resolution (@60 keV) (@6 keV) (@40 keV)
(FWHM)
Angular <1.7 arcmin <1.3 arcmin <1.3 arcmin -
resolution
Effective ~9x9 ~3x3 ~ 35 x 35 0.6 x 0.6 deg?
Field of View arcmin? arcmin? arcmin? (< 150 keV)
Time resolution | several 10 us several 10 us 4 sec several 10 us
Operating —-20°C 50 mK —120°C —20°C

BIXRIVF—HUIHETRAERFE2013 20135F984H
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NuSTAR & O LEER
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® Astro-H: Data from HXT-1.

® NuSTAR:
- CALDB to be updated soon.

100

10

- Integration region:r < | arcmin (HXT:r < 1.8 arcmin)

T T T T T
—— HXT+HXI ah_hxi_20090217.rmf

ah_hxt_pnt_r1p80_20130527.arf

NuSTAR A
——NuSTAR B

generated on 7/10/2013 for on—axis point source, r=1.8’

20 40 60
energy [keV]

80
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ASTRO-HODFEHERRIZEE : SXS
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RERBBICANES B, TDRHIT, LI —#%503VE
EWSTRIERICE THRINT 2 ENNRETH D, ASTRO-
HTIEBXBAICELD, IhsDEWRTERZ &L
T, ERED—HULEERWONLEEERIRL T, EEA
2 DEEND D THIERBEE 745 Do
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TEMPERATURE
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-
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ASTRO-HODFEHERRIZEE : SXS
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R. Mushotzky (2013)

Astro—H and XMM Simulation of a Cluster

Astro—H and XMM Simulation of a Cluster
100ks exposure

— 100ks exposure

XMM (CCD) -u-u" Ii: ’|'- i Q | | | | | |
‘ Ll "' H | : ! Fe XXV-XXVI
i il

C, N,0, Ne, Mg,
Si, Si Fe lines
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O
C

normalized counts/sec/keV

| 1 I

0.2 0.5 1.0 6.2 6.4 6.6 6.8 7
keV keV
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High Resolution Spectroscopy by a micro-calorimeter array
<7 eV (FWHM) @ 6 keV

r T T T I T T l I I 1 1 1 |l I l<l
Centaurus cluster (50 ks) | 20
"I He-like FeK
] o | Z=0.0114
Fe-L 3 L5 . (3420 km/sec)
Ne ‘| Mg g 1
I wyof  SCP
| Z Response
J 2
205
(@)
6.6 6.7 . 6.9
Energy (keV) |

—

Chandra image
from Fabian+(2005)

10

Fnergy (keV)
EWASS 2012 Roma July 3rd
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11. ASTRO-H #& £ #8825 1&E - Core Technology -

- I
X. BEX#R IR (R IR i 85 royye! |
_ . . TA RFLA—IR |
BIXRILF—DXIEPH Y VIROBRZ FAIREICT B " " L]
250 LTHRELE. FLILEARI YA | i N
(CATe) Bk T % FI\ o BAIRE O HTER B (e
e T T T T i il cdTe xru v
© 40 keV : B
PlcdTe 77 : _ |
sk , ] =X | :
i / 2
40 :—/,’ , E a-LRTL—k '_’Tfiiif&
ol 5 E 34 mm x 34 mm m
. T | 0.75 mm thick
Y S ..
01 02 05 10 20 50 10( 250 pm strip pitch
- BIRILF—5EEE . .
Thickness (mm) ™ © | EuEs®EE (ETRIL/ ARy TiE)
600 -
. 400: 6 keV
(S 200 — Energy [keV] ISAS/%j(/
} SREAE/
S Stanford/ A AR i i
0 25 50 75 100 125 150 [iE/CEAftt R
Takahashi et al. 2005 Energy [keV]
BIRIVF—H VTR TRAERFE2013 20135F£9H4H 21




6. Hard X-ray Imager (HXI)

U a1

250 micron —— _
pitch strips 196 i)
for both side I | = o

250 ym  N-strip/ Al-strip
Al-strip (+) 2 x 128 = 256 channels

(Schottky barrier) (<<128*128=16,384)
100 pym width slit ¢3 mm hole bad strips
1200 AL AL L L L ) L LB BN T T T 800 um p|tch q>2 mm hole (open)
- Al-electrode side (+HV) -2lideg E 0 oo oA A :
10001~ pt_glectrode side (GND) =
B Applied bias: 250 V 25
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¥ Low threshold: 5 keV 20
600
B B 15
400 - 0
2001 -
0 B | I | I t | 1 0

0 10 20 30 40 50 60 0 15 20 25 30
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ASTRO-HOIEBETRIEE : SXI

Large FOV X-ray CCD (F.L. 5.6 m) 400D chips/62x62mm2/38arcmin?
rgy Resolution ~150

| -

‘I

| Field of view : -

INE TCOXRHEDHR CRADRE %55
%, BARTHERE LIXIRERIVSERCCD,
FHE CORBEBIEITRIG,

EWASS 2012 Roma July 3rd 23
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Spectrum and Energy Dependence

- 102cm, %°Ba,™

Cs

- Compton Imaging using the 356keV peak and 662keV peak
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5. ASTRO-H Features --- Wide Band Observation---

@ Pt/C depth- Igraded multilayer ~ Vast Improvements of the sensitivity
Hard X- ray telescope + Imager . -

in the energy window
from 10 keV to 600 keV

T . L] L] 1] T 7 T 1] T T L
v F T ] T rrr I I T ] -
o ® .

Conhnuum sensmvufy (pomf sources)
AE/E=0.5 100, ks 5

1075 & Suzaku:HXD

@ Si/CdTe Compton Camera
(upto 0.6 MeV)

‘.ST‘?O H:SGD ‘(sfcf) 30
. 10 mCrob

Flux [ph em™ s7' kev™']

- XSTRO—H:HXI (stat) 30-.
10-7 — : -

— SGD: co;’w_sion
. limit 30 (AGN)

0.1 mCrab . 1 mCrab ™.
10—8 1 [T | 1 1 ' A | T 1 P

S 10 S0 100 S00 1000
E [keV]
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ASTRO-H Key Science - Cluster of Galaxies -

obtain dynamical information about the ICM from line
shifts, widths. First ever probe of:

eplasma viscosity

eturbulent pressure support
emerger dynamics

emotions induced by AGN feedback

measure metal abundances
— determine integrated chemical enrichment history;
constrain SN yields

29




Power of ASTRO-H : Cluster dynamics: Gas bulk motion

eWith high-resolution spectroscopy, the velocity of matter can
be derived from the energy shift and width of emission lines

+78°427 1704™30° 1704 17030 30° 1703

1.5

78°40°

78°38°

78°36°

normalized counts/sec/keV
0.5

I. Tamura+ 2011

1500 km/s

1 2 3
= XIS Chip

west peak (5keV, 0.6 solar)
east peak (7keV, 0.3 solar)

[ Av = 1000 km/s

| 80 ksec x 2

6.3
Energy (keV)

SXS spectra of a merging cluster A2256 assuming
1000 km/s difference in the line-of-sight velocity




A3667
z=0.05

XMM (color)
Finoguenov+10

Non-thermal hard X-ray emission
from relativistic particles

Energy (xeV)

0.6

|||||||||||||||||||||||

—Simulation
400km/s

—  Okm/s
— 600km/s

Markevitch, Akamatsu, and the ASTRO-H Cluster STF

motion




Power of ASTRO-H : Cluster dynamics

The Perseus Cluster, the brightest
extragalactic extended X-ray sky
In the sky, Is a massive, relatively
relaxed system at a distance of
68 Mpc (z = 0.0179)

Perseus Cluster

Perseus cluster (r<2’, 100ks)
vapec 3T (0.6keV, 2.6keV, 6. 1keV)

Perseus cluster
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normalized counts/sec/keV

Power of ASTRO-H --- Qutflow---

GRO J1655-40 (Black Hole)

The superior resolution of SXS in the Fe K band enables
the unambiguous detection of weak and narrow lines
from a wind.

Chandra ASTRO H (50ks)

T T T T T T T v v v L O vvvvvvvvvvvvvv T .
] - Same Model Parameters with the Chandra result ]

10

[Lines are saturated but
| not black due to

| scattering, resolution. %

Running out of S/N

0.1

S 4 5 6 7 8 9 10
(kevB Energy (keV)

(Simulation by J. Willer ASTRO-H SXS can handle 250 cts/s
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SGD Performance - Magnetar 4U 0142+61

0.1

10

Suzaku 100 ks Observatior

Systematic errors are inclu

lllll L il i l

Ll ll L 1 L 1 L1
1 10 100
Energy (keV)

keV?2 (Photons cm=—2 s-1 keV-")

(Simulation by T. Enoto)

0.1

10-2

Illl

— — — — — w— - e— — o]

SGD will be able to measure
spectra up to 600 keV with higher
quality, and will constrain the
nature of the hard component.

=~ ASTRO-H 100 ks Simulation of 4U 0142+61
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'SGD simulation (100 ks)
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ASTRO-H 10-40 keV (100ks) SN1006 2-10 keV (Suzaku)
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Power of ASTRO-H : SNR

Line shift (V) and broadening (T;,,) clearly seen

SN1006 ASTRO-H SXS spectra

SXS 'F

V, = 2900km/s S 01t
(Ghavamian et al. 2002; Long et al. 4 b
' st 1988; Winkler et al. 2003) 3

D é 0.01 # .-Z /
V, = 5000km/s i
(cf: Katsuda et al. 2009) 10 }

Center: 200k§

Expansion is measured with

Chandra M
1 Ao ;'" W %u,n E ==

Simulation for T0 = 780 keV

10
“_54 ) <f1 0 _i,\{ :I,ﬁ

~ Center (ACIS) '~~~ NW(AcClS) = B

Dotted lines are for T, = T, (1.4 and 1.7 keV).

Simulation by S. Katsuda

sec ' keV

nts

& 001 E
O 3

NW: 100ks
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Slmulatlon for T0 = 260 keV

0.54

n 0.58 0.6
kn gy (keV)




Power of ASTRO-H --- Polarization by SGD ---
Crab Pulsar & Nebula

PHI DISTRIBUTION

. simulation Assumption for simulation
1.4F 100 ks, 180-330 keV Polarization fraction = 50%
: Polarization angle = 0°

E Fit values of the simulation data
gz_ll o Polarization fraction = 48 + 3% (stat.)
- 1% -0 5000 50 100 150 Polarization angle = 2.7° + 1.6° (stat.)

The SGD will be able to measure polarization of Crab in an energy
range between 50 keV and 500 keV with high precision!

H. Odaka 2013




Power of ASTRO-H --- Polarization by SGD ---
Microquasar: Cygnus X-1

100 ks, 60-100 keV s|mu|a1-|on 100 ks, 330-600 keV s|mulai'|on
[ LS S S B RSN S SN S | I S A A | A ra ; LA S S e LN S S S S | ML A A | BEAEA |
1000y o ] 1«)L o, Q
. modulation: 10.58 * O.6OA . . modulation: 14.4 + 4.0% «
) | ’ 4
Mo angle error: +1.6° | 120 angle error: +8.2°
\2005 E [
J000 - o
ngZ t :
s0of ]
400t .
- 3
o LLL—A_;A_LJAlfl_A_kL;L_A_lg_Aéyfl 4_—::
-150 -100 -50 50 100 150
'V'Q“' (deg)

higher energies => to confirm the INTEGRAL results about the jet radiation

lower energies => precise measurement of coronal emission & disk reflection

H. Odaka 2013




Power of ASTRO-H : CXB

Imaging with hard X-ray optics will enable us to observe at x100 times
higher sensitivity than Suzaku. 30-50% of the cosmic X-ray background
will be resolved into hidden super-massive black holes.

NuSTAR already starts showing he 30-50% of Hard XRB
will be resolved

observation

S : S 104 E==~__ Ueda+ 03
5x1023 cm™ ' o
g | ASTRO-H HX']:+HX| e X NuSTAR/
T 100 ksec ‘ \ ASTRO-
2 — 1x102% e ™ (300 ksec for/1x10%) ? 0 H
§ — ,—,4_.**‘% 3102 Prmrmrmemimimem e Y \\
: 51024 g A\
£ o o “'L.,_ 5 3
é - 25_‘:. 7‘15_'- 3 P
& T g | i ~ — — 0.0<z<08
- f :;‘I : Z 100 P — — — — 0.8<2<2.0
T | Tﬂ 1 T 2.0<z<5.0
é i A 3% of NXB l: —— i:i ;::;-5::
5 10 20 50 - log L=44.5-48
Energy (keV)
10—2

-17 -16 -16 -14 -13 -12 -11
Log 10-30 keV Flux (ergs cm™ s™%)




Non-themal X-ray Astronomy

=Study of Cosmic Accelerators
Hillas Plot

=102 ;T[\leu nensterne Emax ~ Bsz-B-L |_|
> i \ s=1
f_c.'ti P B=1/300
_&) 6| . erge ]
= 108
1% -LHC
E s
()
L
B o1 | 1
K -
(&)
S k
= Interplanetarer
- - 8 Raum \
Important ingredients ;5|
i B - - E  ma illas ]
magnetic field, velocities S g ‘w o~ JGMQ
& size/age fkm  10%km _ 1pc 1kpc 1Mpc
R GroBe
v B R n= (5_3)2
=4 1 Tey =\ B
Emax =460 (IO"km{s) (louG) (lOpc) L

“gyro-factor”
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X-ray Observation is

® Very sensitive to the ex |ftence of the distribution of high
energye ectrons (particle accelerators)

ASCA AV en =353 Elz()OTeVBIOyG [keV]
Chandra

upstream

ASCA image of SN 1006

2.3. Our knowledge on
electron acceleration

thermal plasma = extended
sync. X-rays = thin filaments

7‘5\
[
o
&2
S
g
S
e
o
=
—
©
U
(=]

Acceleration sites are localized

downstream

o2

SN1006 NE shell

0.3 - 2.0 keV
2.0 - 10.0 keV

(Bamba et al. 2003a)

Right Ascension (2000}

Cooling time of X-ray emitting electrons
is much shorter than radio ones
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RelatiViStic Outflows TIPP09, March 12, 2009
(propagation, acceleration, particle content, emitted radiation)

Gamma Ray Pulsars

magnetosphere ™ \ \§/ ;y/

st luminous explosions
in the Universe and
associated with the birth
of Black Holes

. Rotation powered pulsars

Supermassive Black holes in active /f '
. . Ay i Accreting X-ray pulsars (cyclotro
galactic nuclei (jets) = /_3 i lines)

BC 273 jet VIA Chandra Uchiyama, Y. et al. 2006, ApJ v.648, 910

quasar
A Bl posg Cl C2 D1 D2/H3 ~H2

® e ¢

high-energy emission low-energy emission

H1




Radio
Optical
IR

GeV
TeV

Need Multi Wave Length
<Wide Coverage>
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ASTRO-HfE £ DB FH 4!

A-H Collaboration .
ASTRO-H Collaboration ~ 2010Marll
A-H A-H Science Working Group
Engi . .
e~ Steering Committee
(Pl/Project Manager, Project Scientist, US P,
US Project Scientist, Senior Advisors, ESA Representative)
ASTRO-H
—
JSE team Office
Techical
Advisor #— Science Advisory Committee
Team
Operation
T ¢ r Planning team
Bus Component Mission Component Sci;nce L Archive
team team o ice Planning team
EOB ?ng'c\lj T r T T T Science Education
team | [ gooiore sxs_xcs‘ XRT ‘ SXI | HxI |[sGp | Task Force | | "= PublicOutreach
. team | team | team | team || team Soft/Calib. team
' : ! |' board
Science Working Group: Analysis Software | | Calibration/Response
Owns data right of Science Data during > team team
the PV Phase
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ASTRO-H DEFAINE(FTE)

Phase 0: 3 Months : Satellite/Instruments Check out (including Calibration))
Phase 1: 6 Months : SWG 90 % (PV Phase) Observatory 10 %

Phase 2: 12 Months : SWG Carry Over 15 %, GO 75 %, Observatory 10 %

Phase 3: Rest of the mission : KeyProject 15 % (TBD) , GO 75 %, Observatory 10 %

Observatory 10 % = Calibration + TOO + Director’s Time

Obsérvatory Observatory
Sci. WG Key Project?

o

>

® (%)

S| 9

g 5 GO GO

-~ Q)

27 month

Data policy among J/Europe/US in the GO time, would be similar to the Suzaku case. But
we are planning to introduce key-project type and/or early-data-released type
observations from early phase of the mission.




