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•  ASTRO/H(is(an(interna;onal(X/ray(observatory,(which(is(the(
6th(in(the(series(of(the(X/ray(observatories(from(Japan.(More(

than(160(scien;sts(from(Japan/US/Europe/Canada.(

–  T.(Takahashi(et(al.(“The(ASTRO/H(X/ray(Observatory”,(SPIE(8443((2012)(
•  Scheduled(to(be(launched(in(2015�

ASTRO-H mission

ASTRO/H(

14m,(2.7t(

Suzaku((2005–)(

6.5m,(1.7t(

SXI (X-ray CCD)
SXS  (Micro Calorimeter)

HXI (Hard X-ray Imager)

SGD (Soft Gamma-
ray Detector)

Launch'site� Tanegashima'Space'Center�

Launch'vehicle� JAXA'HII:A'rocket�

Orbit'Al?tude� 550'km�

Orbit'Type� Approximate'circular'orbit�

Orbit'Inclina?on� ~31'degrees�

Orbit'Period� 96'minutes�

Total'Length� 14'm�

Mass� ~2.7'metric'ton�

Mission'life� >'3'years�
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ASTRO-H scientific objectives

Dynamical(evolu;on(

of(clusters(of(galaxies�

Super(massive(black(holes(and(

their(role(in(the(galaxy(evolu;on(�

Gravita;onal(deforma;on(of(space(

at(extreme(proximity(of(black(holes�

Par;cle(accelera;on(in(

supernova(remnants�

©(JAXA�

•  Observing(the(dynamic(Universe(and(studying(its(history(with(

the(ul;mate(goal(of(understanding(the(structure(and(

evolu;on(of(the(Universe(

–  Revealing(the(large/scale(structure(and(its(evolu;on(of(the(universe(
–  Understanding(the(extreme(condi;ons(in(the(Universe(

–  Exploring(the(diverse(phenomena(of(non/thermal(universe(

–  Elucida;ng(dark(ma`er(and(dark(energy(
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ASTRO-H status
•  Complete(CDR1((2012(Feb()(

–  By(using(FM((Flight(Model)(of(Base(Plate,(Fixed(Op;cal(
Bench(and(Side(Panels,(we(performed:(

1)  Thermal(Deforma;on(Test((2012Apr/Jun)(

2)  Thermal(Balance(Test((2012(Jun/Aug)(

3)  Solar/light(irradia;on(test((2012/Aug/Sep)(

•  In(order(to(realize(severe(requirements(of(
direc;onal(performance,(we(have(verified(the(
design(by(the(thermal(deforma;on(test.(

•  We(are(now(building(FM(for(payloads(in(
conjunc;on(with(tes;ng(of(EM(sensors(

•  We(intend(to(complete(our(satellite(by(the(end(of(
2014(JFY.(The(launch(will(be(mid(2015.((
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ASTRO-H under construction

13m(thermal(vacuum(chamber(

JAXA(Tsukuba(Space(Center(

System(TTM(test((

(Aug/Sep(2012)�
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Timeline until launch

2013� 2014� 2015�

Mechanical(Test(Model((

Test�

EIC/MIC�
Environment(Test((

+(Calibra;on�

FM(integra;on(test�

Launch(Site(Opera;on�

Launch�

Calendar(year�

	�



Agenda

1.  Status(of(ASTRO/H(
a.  Overview(

b.  Status((

c.  Timeline(un;l(launch(

2.  ASTRO/H(instruments(and(key(requirements(
a.  Instruments(overview(

b.  Key(requirements(

3.  Status(of(each(instrument(
a.  SXT(

b.  SXS(

c.  SXI(

d.  HXT(

e.  HXI(

f.  SGD(


�



ASTRO-H instruments

SXT:I'

Deployable(

Op;cal(Bench(

Solar(power(

Radiator(

Radiator(

X/rays��

Hard(X/ray(Imagers(

(HXI)(

Soj(X/ray(Telescopes(

(SXT&S,(SXT&I)(

Microcalorimater(

(SXS)(
X/ray(CCD(

(SXI)(

Focal(Length(=(5.6(m(

Hard(X/ray(Telescopes(

(HXT)(

Soj(γ/ray(detectors(
(SGD)(

Fixed(

Op;cal(

Bench(

Sunshades(

HXT2' HXT1'

SXT:S'

Focal(Length(=(12m(

p.2�
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ASTRO-H instruments p.2�

Energy(coverage�

FOV(coverage�

0.1keV� 100(keV�1(keV� 10(keV� 1MeV�



Calibration requirements
Table 2. Key parameters of the ASTRO-H payload

Parameter Hard X-ray Soft X-ray Soft X-ray Soft γ-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 5.6 m 5.6 m –
Effective area 300 cm2@30 keV 210 cm2@6 keV 360 cm2@6 keV >20 cm2@100 keV

160 cm2 @ 1 keV Compton Mode
Energy range 5 –80 keV 0.3 – 12 keV 0.5 – 12 keV 40 – 600 keV
Energy 2 keV < 7 eV < 200 eV < 4 keV
resolution (@60 keV) (@6 keV) (@6 keV) (@60 keV)
(FWHM)
Angular <1.7 arcmin <1.3 arcmin <1.3 arcmin –
resolution
Effective ∼ 9 × 9 ∼ 3 × 3 ∼ 38 × 38 0.6 × 0.6 deg2

Field of View arcmin2 arcmin2 arcmin2 (< 150 keV)
Time resolution 25.6 µs 5 µs 4 sec/0.1 sec 25.6 µs
Operating −20◦C 50 mK −120◦C −20◦C
temperature

Figure 3. The SXS engineering model detector assembly. At the center of the assembly is the x-ray calorimeter
housing. This is suspended from the outer structure using Kevlar, and electrical connections to the housing are
made using tensioned wires to reduce the sensitivity to microphonics. At the center of the calorimeter housing is an
aluminum/polyimide blocking filter and a 55Fe calibration source used to illuminate a dedicated calibration pixel for
monitoring the absolute gain. The overall assembly is about 12.7 cm in diameter.

volume), the energy resolution is substantially improved from ∼ 6 eV to ∼ 4 eV (FWHM). The main reasons
for this are that EPIR developed a process to produce HgTe with lower specific heat and that the operating
temperature of the instrument has been lowered from 60 mK to 50 mK.25

With a 5.6-m focal length, the 0.83 mm pixel pitch corresponds to 0.51 arcmin, giving the array a
field of view of 3.05 arcmin on a side. The detector assembly provides electrical, thermal, and mechanical
interfaces between the detectors (calorimeter array and anti-coincidence particle detector) and the rest of
the instrument. The SXT for the XCS is an upgraded version of the Suzaku X-ray telescope with improved
angular resolution and larger collecting area.18,19 The SXS effective area at 6 keV will be at least 210 cm2,
a 60 % increase over the Suzaku XRS, while at 1 keV the SXS has 160 cm2, a 20 % increase.

5%� 5%�

Calibra;on(requirement�

5%� 15%�

2eV�

2eV�Energy(scale� 0.1%�5%�

5%�3%�5%�

5%�

HPD(20%� HPD(20%� HPD(20%�

80μs�

1mm�

60μs�Timing(accuracy� 60μs�TBD�

1mm�1mm�

Takahashi(et(al.(2012(�



•  SXS(energy(scale((gain(stability)(((((((2eV(
•  SXT+SXS(effec;ve(area((((((((((((((((((((((((5%(
•  SXS,(SXI(+(HXI(cross(calibra;on((((((((10%((((((
•  Background(reproducibility(of(HXI((((5%(
•  Accuracy(of(PSF(shape(knowledge((20%�

Key requirements
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SXT: basic design

•  Soj(X/ray(Telescope(for(SXS(and(SXI(will(be(an(upgraded(
version(of(the(Suzaku(X/ray(telescope.(

–  The(diameter(and(focal(length(are(larger,(thus(number(of(the(nes;ng(

shells(are(increased.(

–  Angular(resolu;on(is(improved(from(Suzaku.((

•  The(first(of(these(mirrors((FM1)(completed(and(tested�

�
Parameter (Value ((

Diameter(45(cm ((

Focal(length (5.6(m ((

#(of(nested(shells (203 ((

reflector(surface (Au(mono/layer ((

Pre/collimator(blade(height (65(mm ((

Blade(thickness (0.12(mm ((

Thermal(shield(thickness(Al(0.03(um(+(

Polyimide(0.2(um ((

(

ASTRO:H'
SXT�

Suzaku�

Focal(length((m)� 5.6� 4.5/4.75�

Diameter((cm)� 45� 40�

Mass((kg)� 44� 20�

Aeff((cm2@6keV)� 390/mirror� 270/mirror�

HPD((arcmin)� <1.7� 1.7–2.1�

ASTRO/H(requirement(vs(Suzaku�
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SXT: status
•  FM1(performance(test(

–  SXT(was(illuminated(by(diverging(X/ray(beam(and(on/axis(
image(was(obtained((

–  HDP(=(1’.13–1’.3.(No(significant(change(ajer(the(vibra;on(test(
–  Effec;ve(area(will(be(measured(at(ISAS((
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SXT: status
•  SXT(effec;ve(area((EM)�
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SXS: basic design

Shield cooler (2ST)

Shield cooler (2ST)

He ll/
vent lines

Pre coolers (2STx2) JT cooler

dADR
Aperture Assembly

He tank

Support struts

Detector Assembly

JT compressors

Cooling fans for 
ground operation

Dewar HK 
connectors

Detector 
and ADR 

connectors

Figure 7. External view (left) and cutaway drawing (right) of the ASTRO-H SXS cryogenic Dewar. The gate valve which
will be mounted on the top of the Dewar outer shell is not shown. Two shield coolers are mounted on the side of the outer
shell, while the JT cooler and its pre coolers are mounted on the bottom. The detector assembly (DA) and the ADR
are installed as a unit on the He tank from the upper side. The third ADR is on the side of the DA but is not shown
here because it is in the unseen part of the Dewar in the cutaway drawing. The outer diameter of the Dewar outer shell
excluding mechanical coolers and other sticking-out structures is 950 mm. The height of the Dewar is 1292 mm including
the support struts but excluding the gate valve. The total mass of the Dewar is about 270 kg.

•  X/ray(micro/calorimeter(spectrometer(with(energy(resolu;on(

be`er(than(7(eV((FWHM)(

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

–  Nominal(expected(liquid(He(life;me(3.3(years(

SXS(detector(assembly(

Microcalorimeter(array(

SXS(dewar(

NASA/GSFC(

5mm�

dADR�

Detector(Assembly�

Aperture(Assembly�

�	�



SXS: calibration items
1. Energy Redistribution 

-  Gain drift correction 
-  Linearity correction 

-  Energy scale 
-  Energy resolution 
-  Line spread function 

2. Effective Area 
-  Blocking filters, Filter Wheel, contamination 
-  QE 
-  PSF & Event branching ratio 

3. Background 
–  Cosmic-rays, crosstalk, electron escape from other pix 

4. Time Assignment 

Requirement� Goal�

Energy resolution � <7 eV� 5 eV�

Energy scale� 2 eV� 1 eV�

Line width� 2 eV� 1 eV�

�
�



SXS: status
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•  FM(detector(system(calibra;on(campaign(

Oct(2012(–(Feb(2013,(GSFC/NASA�
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SXS: status
•  Gain(scale(experiment(�

•  High(count/rate(experiment(�

Data(analysis(is(underway�
���
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SXS: status
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Cu Kα

Cu Kβ
Cr Kα

Cr Kβ
Ni Kα

Fe Kα

from stainless steel GSE

•  MXS((Modulated(X/ray(Source)(

–  MXS(is(mounted(on(the(Filter(Wheel(and(enables(self/calibra;on(of(

energy(scale(at(a(10(min(;mescale(

–  Cu/Cr(for(direct(source,(operated(in(pulsed(mode→(gain(calibra;on(

–  Al/Mg(for(fluorescent(source((→(gain(curve((non/linearity)(

MXS(from(SRON((direct(source)�

MXS(performs(as(expected.�
���



SXI: basic design
•  Wide(FOV(X/ray(CCD(38’x38’(

•  Backside(illuminated,(P/channel(CCDs(

•  Energy(resolu;on(<(200(eV((requirement)�

4CCD(chips/62x62mm2(

Deple;on(layer(~200(micron(

Coma(cluster((

(ROSAT,(S.L.(Snowden)(

Field(of(view:(38(arcmin((

SXT/I(+(SXI(effec;ve(area�

Suzaku�

ASTRO/H�

XMM�

���

Al(Coa;ng(on(the(

surface((

as(Op;cal(Blocking(

Layer�
Frame(Store(
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SXI: status
•  SXI(EM(was(build(and(func;on(&(environment(tests(have(

been(performed(

•  Hardware/Sojware(design(fixed.(FM(produc;on(is(going(on.(

•  FM(calibra;on(is(prepared.(

G0 
FWHM@5.9keV 
=138-145eV � G02346 

FWHM@5.9keV 
= 162-171eV �

•  Mn/K(Irradia;on(with(Spaced(Row(Charge(Injec;on((SCI)(on�

���



HXT: basic design
•  Pt/C(mul;/layer(mirror(using(Bragg(reflec;on(

•  Large(effec;ve(area(above(10(keV(
–  150(cm2/telescope(@30keV,(55cm2/telescope@50keV(

•  HPD(<(1.7(arcmin(is(the(requirement(

HXT(

SXT(

Bragg(Reflec;on(Incident X-ray 
(λ) 

θ nλ= 2d 
sinθ 
Heavy Material 
(Pt) 
Light Material 
(C) gap (d) 

HXT/1((

Flight(Model�
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HXT: status
30(keV�

Encircled(Energy�

HPD/2�

X/ray(measurement(of(the(first(

flight(telescope,(HXT/1�
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HXT: status

Interfacial'roughness'='4.1'�'
Throughput'='74'%�

There'is'~10'%'
'systema?c'error�

•  Effec;ve(area�

●Requirement�
○HXT/1(measurement�

���

Measured'roughness''
of'124'foils '4.1'+/:'1.0'��



3: the HXI-S design 

  imager (5-80 keV) 

  active shield 

5 layers of double-sided strip!
32x32 mm2!
DSSDx4 + CdTe-DSD !

~3 cm thick BGO r/o via APD "
9 units surrounding the imager  

65
 c

m
 

Specification 
40x40x65 cm3, 41.6 kg!
-20 C, 7 W (sensor part)!

BGO = 21.6 kg/HXI-S  

  Housing!
  Frontend-Elec. 
  Backend Elec. 

  Cal. source 
241Am doped plastic + APD 

no change from SM8 

HXI: basic design
•  Si(+(CdTe(hybrid(imager(sensi;ve(in(5–80(keV(

–  Soj(X/ray(photons(below(20(keV(are(absorbed(in(the(Si(part,(while(hard(X/ray(
photons(go(through(the(Si(part(and(are(detected(by(the(newly(developed(CdTe((
double(sided(cross/strip(detector(

•  9’.2(x(9’.2(field(of(view(

•  Well/type(BGO(shield(is(used(to(reduce(background(

•  HXT+HXI(makes(the(detec;on(limit(of(point(sources(~(x100(be`er(than(
Suzaku�

4-1: Imager design 
□10 cm 
□3.2 cm 

4x Double-sided Si Strip Detector !
(DSSD)  / 0.5 mm thick x4 = 2 mm total!
= 5-30 keV with very low BGD!
 !(no activation)  
CdTe Double-sided Strip Detector  
(CdTe-DSD) / 0.75 mm thick x1!
= 20-80 keV with hi-eff. !

!(>70% @ 80 keV) 

0.25 mm pitch!

0.25 mm pitch 

P-strip 

N-strip 

250 um pitch strip!
orthogonally oriented 

Ef
fic

ie
nc

y 

Energy [keV] 20 80 

1st DSSD 

4x DSSD 

CdTe 

Double-sided!
Strip 

Si(DSSD(

CdTe(DSSD(

Detec;on(efficiency(of(1xDSSD,(

4xDSSD,(CdTe(and(all(of(the(HXI(

�	�

BGO(shield(

+APD�

Imager�

241Am(

Cal(source�



HXI: status
•  Thermal(Vacuum(Test(2012/Oct(

•  Operated(at(/25(in(vacuum(

!  no(discharge,(thermal(design(OK(

!  Good(spectral(performance(as(in(lab�

�
�

4-1: Imager EM Thermal Vac. 

CdTe-DSD DSSD 

5th = CdTe-tray 

Hagino, Nakano, G.Sato et al. 

8 28 

8 28 

28 [keV] 

28 [keV] 
60 [keV] 

8 

8 
0 

1st  2nd!

3rd! 4th!

2000 

2000 

2000 

1000 

1000 

 thermal vac. 241Am spectra�

new 

Good (as good as in lab) spectra !   OK!

Oct. 10-15 2012�

4-1: Imager EM Thermal Vac. 
Hagino, Nakano, G.Sato et al. 

 thermal vac. set up� Oct. 10-15 2012�

Operation at -25C (at the bottom) in vacuum!
 No discharge OK!
 thermal design OK !

new 

DSSD� CdTe�
241Am(spectra�

HXI((EM)�



SGD: basic design
•  Si/CdTe(Compton(Gamma(Camera(and(Well/type(shield(to(achieve(

ul;mately(low(background((40–600(keV)(

•  Fine(collimator(

–  Narrow(field(of(view(~(0.55(deg(
•  GRB(monitoring(using(BGO(shield(

�
Si/CdTe(Compton(Camera(

only(select(gamma/rays(from(

the(FOV(

͆Full͇ EM Compton Camera has been 
constructed !

•͆Full͇ EM Compton Camera consists of
–Si pixel sensor �32 + CdTe pixel sensor �80
–Total readout channels㸸13,312 ch

Si pixel

~10cm

p

~10cm

CdTe pixel

11

���

Full(EM(

constructed!�



SGD: status
•  Image(reconstruc;on(using(RI(

gamma/rays(

4/28

Compton camera for powerful background 
m c2 m c2rejection

th t h C t d t accepted

cosT  1�
mec
E1 � E2

�
mec
E2

-the events whose Compton cone does not agree 
with the line of sight will be rejected as background

accepted

--> enable to reject radioactivation-induced internal 
background

⥺
᪉

ྥ

background

ど
⥺

rejected

Si

rejected
Therefore, Compton imaging 
capability is an important 

CdTe  rejected
performance to achieve a good 
sensitivity.

BGO

5sec 10sec 30sec
Reconstructed image of RI gamma-rays

5sec 10sec 30sec

60sec 120sec 300sec

Ichinohe, Takeda, Watanabe, Togo

4/28

Compton camera for powerful background 
m c2 m c2rejection

th t h C t d t accepted

cosT  1�
mec
E1 � E2

�
mec
E2

-the events whose Compton cone does not agree 
with the line of sight will be rejected as background

accepted

--> enable to reject radioactivation-induced internal 
background

⥺
᪉

ྥ

background

ど
⥺

rejected

Si

rejected
Therefore, Compton imaging 
capability is an important 

CdTe  rejected
performance to achieve a good 
sensitivity.

BGO
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SGD: status
•  Image(reconstruc;on(of(RI(gamma/rays(

Reconstructed image of gamma-rays from 5 RIs. g g y

Na

Ba Ba
Compton

90 deg

Compton
Camera

Cs All
90 deg

C

Na
Cs Cs

Ichinohe, Takeda, Watanabe, Togo

Reconstructed image of gamma-rays from 5 RIs. g g y

Na

Ba Ba
Compton

90 deg

Compton
Camera

Cs All
90 deg

C

Na
Cs Cs

Ichinohe, Takeda, Watanabe, Togo
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SGD: status
•  Reconstructed(spectra(and(background(
rejec;on(

Reconstructed spectra and 
Background Rejection

22/28

Background Rejection

133B 8 4º 137Cs㸸6 1º

before background rejection

133Ba㸸8.4º 137Cs㸸6.1

g j

after background rejection

CC EM1

cooler

Ichinohe, Takeda, Watanabe, Togo

Reconstructed spectra and 
Background Rejection

22/28

Background Rejection

133B 8 4º 137Cs㸸6 1º

before background rejection

133Ba㸸8.4º 137Cs㸸6.1

g j

after background rejection

CC EM1

cooler

Ichinohe, Takeda, Watanabe, Togo
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+Before(background(rejec;on(

+Ajer(background(rejec;on(



Summary
•  ASTRO/H(is(scheduled(to(fly(in(mid/2015(

– Wide/band(and(high/resolu;on(observa;ons(will(

provide(exci;ng(data(sets(for(many(science(fields(

– Synergy(with(X/ray((NuSTAR,(eROSITA,(..)(and(other/
λ(observatories(

•  We(are(now(building(FM(for(payloads(in(

conjunc;on(with(tes;ng(of(EM(sensors(

•  The(ASTRO/H(SCT(will(be(formula;ng(the(in/

orbit(calibra;on(plan(over(the(next(year.((

– Sugges;ons(are(welcome!(
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