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ASTRO-H in a nutshell
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!
ASTRO-H is an international X-ray observatory, which is the 6th in the series of the 
X-ray observatories from Japan. More than 160 scientists  from Japan/US/Europe/
Canada.

HXI (Hard X-ray Imager)

SGD (Soft Gamma-
ray Detector)

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

Weight 2.7 t
Height  14 m

1. ASTRO-H Mission

• Launch vehicle: JAXA H-IIA rocket 
• Orbit Altitude:  550km 
• Orbit Inclination: ~31 degrees 
• Launch : 2015 

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 
(SXS/HXI/SGD/HXT) 
User support in Europe

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

CSA 
Metrology System 

International Cooperations

58 institutions (Japan 33) 
266 scientists & leading engineers (Japan 152)

(Takahashi et al., 2012, SPIE, 8443, 1)
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ASTRO-H science goals

•  Universe large-scale structure and its evolution

•  Galaxy clusters: bulk motions and turbulence, dynamical evolution, 
non-thermal energy and chemistry, cosmological mass function

•  Evolution of (heavily obscured) supermassive black holes (SMBH)

•  Accretion flow onto SMBH in the strong gravity regime

•  Cosmic-rays acceleration in SuperNova Remnants and galaxy clusters

•  Soft γ-ray polarimetry

•  Observatory science (stars, XRBs, WDs, Galactic Centre ...)
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Instruments’ synopsis
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Appendix. ASTRO-H  Key Parameters

T. Takahashi (X-ray Astronomy towards the next 50 years, Milano, 2012)

(Takahashi, 2013, MmSAI, 84, 776)
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High-resolution spectroscopy 
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Instruments’ synopsis

 11

Appendix. ASTRO-H  Key Parameters

T. Takahashi (X-ray Astronomy towards the next 50 years, Milano, 2012)

High-resolution spectroscopy  Wide band, high sensitivity

(Takahashi, 2013, MmSAI, 84, 776)

Imaging up to 80 keV
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Resolving power
(Takahashi et al., 2012, SPIE, 8443, 1)
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Effective area - I. 
(Takahashi et al., 2012, SPIE, 8443, 1)

Large area high-resolution spectroscopy in the 0.3-12 keV band
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Effective area - II. 
(Takahashi et al., 2012, SPIE, 8443, 1)

Image: Coma (ROSAT/PSPC)
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Effective area - III.
(Takahashi et al., 2012, SPIE, 8443, 1)
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Science Goals I. : galaxy clusters
(Nagai et al., 2011, ApJ, 777, 137)

Relaxed cluster Merging cluster

Unprecedentedly accurate measurements of streaming and turbulent gas motions - Non thermal X-ray 
emission from radio structures - Chemistry of rare elements - Cluster evolution up to z~1

Cosmology: hydrostatic equilibrium bias, signatures of dark matter, constraints on dark energy
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Science Goals II. : SMBH outflows
(Gallo & Fabian, 2013 MNRAS, 434, L66)

Measurement of wind velocity (outflow and circulation), density, covering fraction  
AGN: host galaxy feed-back (UFOs); GBHC: disk/wind connection ⇒ driving mechanism

http://astro-h.isas.jaxa.jp/wp-content/uploads/2013/03/ahqr.pdf

100ks SXS simulation of GROJ1655-40 100ks SXS simulation of PG1211+143

jueves 19 de junio de 14



M.Guainazzi, “Astro-H: science goals,development status and European contribution”, XMM-Newton Symposium, Dublin, 19/6/2014

Science Goals III. : SNRs

Figure 3: (Left) Simulated SXI (black) and HXI (red) spectra of SNR RX J1713.7−3946 (100 ks). The spectra
are extracted from a 8′ ×8′ box in the northwest rim. The simulation uses a Zirakashvili & Aharonian (2007)-type
synchrotron spectrum with ε0 = 0.67 keV (Tanaka et al., 2008). (Right) Simulated continuum spectrum integrated
over the whole region of Cas A. Black data show a SXI spectrum and red data represent an HXI spectrum. An
exposure time is 50 ks. The continuum emission is comprised of thermal bremsstrahlung with kTe = 4.0 keV and
a power law with Γ = 3.06.

1.3.2 ASTRO-H SXI+HXI observations of Cas A

Cassiopeia A (Cas A) is one of the most famous SNRs from which nonthermal X-rays and
γ-rays have been detected (e.g., X-rays: Gotthelf et al. 2001, GeV: Abdo et al. 2010, TeV:
Aharonian et al. 2001, Albert et al. 2007a, Acciari et al. 2010). The overall X-ray spectra from
Cas A are described by optically-thin thermal emission accompanied by nonthermal emission
extending far beyond 10 keV. The X-ray continuum spectrum from 3 to 40 keV measured by
Suzaku (Maeda et al., 2009) can be modeled by a combination of a thermal bremsstrahlung
component and nonthermal one that is presumed to be of synchrotron origin. The nonthermal
spectrum can be fitted either by a single power law or by a cut-off power law. It is important to
measure a hard X-ray spectrum at higher energies than Suzaku to better characterize the shape
of the synchrotron spectrum.

A simulation of the SXI and HXI spectra of Cas A was presented in Fig. 3. Only the hard
X-ray continuum above 4 keV was simulated without taking into account any emission lines for
simplicity, adopting the parameters obtained with Suzaku (Maeda et al., 2009). A substantial
improvement in the determination of the spectral shape of the broadband X-ray continuum
can be expected with ASTRO-H observations. In addition to the synchrotron emission in the
forward shock regions, some part (even a dominant portion) of the nonthermal emission in
Cas A may come from reverse-shocked ejecta (Uchiyama & Aharonian, 2008; Helder & Vink,
2008). There is an interesting possibility that the radioactive decay of 44Ti may account for the
injection of electrons and positrons (Zirakashvili et al., 2013). The ASTRO-H observations of
Cas A will be able to test this hypothesis.

1.3.3 ASTRO-H SXI+HXI observations of Tycho’s SNR

The Suzaku HXD has detected hard X-ray emission up to ∼ 30 keV from Tycho’s SNR (Tam-
agawa et al., 2009). The HXD PIN spectrum in the 12–30 keV band is characterized by a
power law with photon index Γ % 2.8 ± 0.5, and the flux in the 12–30 keV band amounts to

7

(Left: Astro-H Shocks and Acceleration WP, in prep.
Right: Maeda et al., ApJ, 2011, 750, 64)

Synergy between SXS and HXI will allow measuring: a) acceleration efficiency; b) magnetic 
fields; c) maximum energy available at shocks sites ⇒ origin of Galactic cosmic rays

The SGD may detect the 56Ni 158 keV lines in Sne Ia up to 25 Mpc (~a few per year)

SXS

HXI

HXI

SGD
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Telescope status

NASA Goddard Space Flight CenterAS T R O -H/SXS

7
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60% higher than NuSTAR!

PSF Half Power Diameter: 
SXT-1~1.3’, SXT-2~1.2’ 
HXT-1~1.5’-1.9’,  HXT-2~1.6’-1.9’ (lower at higher energies)

(Left: Courtesy T.Okajima & the SXT Team
Right: Courtesy M.Ishida & the HXT Team)
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XCS status*

• HgTe absorber micro-calorimeter, 
0.3-12 keV band

• 36 pixels, ~3×3’ field-of-view

• Operation temperature: 50mK±2μK 
per 24-hour cycle

• Constant resolution over the whole 
bandpass: ~5 eV (in the Engineering 
Model)

• Non-dispersive spectroscopy, 
unaffected by source angular size

• Filter+modulated X-ray source: 1-2 eV 
gain monitoring accuracy (European 
contribution: SRON & Un.Geneva) 

AS T R O -H/SXS Japan Aerospace Exploration Agency
ASTRO-H SWG Meeting, February  17, 2014

Status of Astro-H X-ray calorimeter 
spectrometer (SXS XCS)

2

• End-to-end compatibility test of the SXS 
XCS in January 4-17, 2014: 5eV energy resolution 
was proved. 
• In the test, “soft” mechanical isolators (JAXA 

design) were adopted to mitigate mechanical 
cooler micro vibrations.  Isolators are the 
present primary option for the flight model. 
However, the different design will be adopted.
• All SXS EM models were delivered to the S/C 

EIC MIC test.

Components used in the end-to-end test
EM Dewar with
• EM detector, EM OBFs
• EM mechanical coolers,  ADR
EM analog/digital calorimeter electronics
EM cooler drive electronics
EM power supply unit
EM and FM wire harnesses
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Fit Parameters
 
FWHM: 5.06 ± 0.26 eV 
E_shift: -0.21 ± 0.1 eV 
Amplitude: 111.1 ± 5 counts 
Counts: 1406
y0: 0.0 ± 0 counts 

 2: 0.88
Algorithm: sqrt(N)

Cu Kα1 & Kα2

“soft isolator”(Courtesy R.Kelley, NASA, and K.Mitsuda, ISAS/JAXA)

*SXS=SXT+XCS

Resolution measurement during the 
calibration of the engineering module
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SXI status

• Back-illuminated CCD: good  
soft X-ray quantum efficiency 
and resilience against micro-
meteroid impact

• FWHM: ~140/160 eV @5.9 keV 
for grades 0/0-6

• Various clocking modes 

• Charge injection anticipated (as 
in the Suzaku/XIS)

!  Wide%FOV%of%38’x38’'by'4'Large'CCDs'in'mosaic'
!  BI'CCDs'are'good'not'only'for'the'low'energy'QE'but'

also'for'the'tolerance'against%micro5meteorite%
impacts.'

!  P5channel'CCDs'made'from'N:type'silicon,'different'
from'conventional'N:channel'CCDs,'enabled'200%µm%
fully%depleted%CCDs.''

 

77%'at'10keV'
(CBF'and'OBL'taken'
into'account)' 

!  Wide%FOV%of%38’x38’'by'4'Large'CCDs'in'mosaic'
!  BI'CCDs'are'good'not'only'for'the'low'energy'QE'but'

also'for'the'tolerance'against%micro5meteorite%
impacts.'

!  P5channel'CCDs'made'from'N:type'silicon,'different'
from'conventional'N:channel'CCDs,'enabled'200%µm%
fully%depleted%CCDs.''

 

77%'at'10keV'
(CBF'and'OBL'taken'
into'account)' 

• 4 P-channel CCDs mosaic, 200μm depletion layer, -120ºC 
operation temperature

• 38’×38’ field-of-view, large grasp

CBF=Contamination Blocking Filter
OBL=Optical Blocking Layer

(Courtesy H.Tsunemi, Osaka University)
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HXI status

• 2 units, 5 layers each to optimise the 
energy-dependent detection and 
reduce volume, i.e. soft background

• 4 layers of 0.5mm thick Double-sided 
Silicon Strip Detectors (<30 keV)

• 1 layer of 0.7mm thick CdTe (20-80 
keV)

• Active BGO scintillator shield to 
further remove background events

• ~2 keV energy resolution @60 keV

HXI response  

 MC simulation with detailed physics in strip detectors and detailed HXI geometry has been 
developed to construct response of HXI.

 Relative efficiency in each tray (data taken by EM HXI-S) has been successfully reproduced 
by simulation.

 HXI response has been made. 
 Absolute efficiency is to be studied with calibration data. 

(Courtesy M.Kokubun and the HXI Team)
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SGD status

• Si/CdTe Compton camera, 
40-600 keV, ~10 times more 
sensitive than Suzaku/HXD

• Compton kinematics allows the 
calculation of energy and 
provenance cone-in-the-sky

• Drastic background reduction 
through a narrow-FOV (~30’) 
Compton telescope concept 
(BGO shield+PCuSn collimator)

• Can measure soft-γ polarization 
for sources ≳a few 10-2 Crab, 
≳10% polarized

HXI and SGD sensitivity compared to 
the mCrab and other instruments

(Takahashi et al., 2012, SPIE, 8443, 1; courtesy Poshak Gandhi, Durham Un.)

jueves 19 de junio de 14



M.Guainazzi, “Astro-H: science goals,development status and European contribution”, XMM-Newton Symposium, Dublin, 19/6/2014

SGD status

• Si/CdTe Compton camera, 
40-600 keV, ~10 times more 
sensitive than Suzaku/HXD

• Compton kinematics allows the 
calculation of energy and 
provenance cone-in-the-sky

• Drastic background reduction 
through a narrow-FOV (~30’) 
Compton telescope concept 
(BGO shield+PCuSn collimator)

• Can measure soft-γ polarization 
for sources ≳a few 10-2 Crab, 
≳10% polarized

HXI and SGD sensitivity compared to 
the mCrab and other instruments

(Takahashi et al., 2012, SPIE, 8443, 1; courtesy Poshak Gandhi, Durham Un.)

  

Astro-H PV phase observations of NGC 4945
Basic source properties:
● The brightest radio-quiet Sy 2 in hard X-rays (Done et al. 1996).
● The closest Compton-thick AGN, with a composite thermal starburst dominating below ~5 keV.
Unique characteristics of source:
● One of only a handful of Compton-thick AGN known to vary at >10 keV.
● Growing at high Eddington fraction (λ

Edd
~10-30%; Puccetti et al. 2014, submitted [NuSTAR]).

● Puzzlingly low 'torus' covering factors: R<0.15 (e.g. Madejski et al. 2000, Itoh et al. 2008, Yaqoob 2012).
● Torus reflector resolved at unprecedented resolution with Chandra; found to be located on very large 

scales (~30 pc) rather than dominated by a classical sub-pc torus (Marinucci et al. 2012). 
Questions that Astro-H will answer:
● Does a classical sub-pc Compton-thick torus exist in NGC 4945?Does a classical sub-pc Compton-thick torus exist in NGC 4945? By resolving the Fe Kα line, SXS will 

enable locating the iron emission zone(s), measuring the distance (r) of the innermost reflector from the 
broadest line component, which can be compared with torus models. Measurement of the iron line fluxes, 
central energies and profiles will constrain the origin of the ionized plasma, measure torus kinematics, and 
allow searching for sub-structure in the iron line distribution (spatial vs. spectral broadening).

● Why does the torus have such anomalously low covering factors?Why does the torus have such anomalously low covering factors? This could be related to torus 
clumpiness or to a geometrically-thin configuration, or a combination of the two. The iron line profiles 
will constrain the geometrical distribution of the reflector. The iron Kα and β line strengths will determine 

the ionization state. Combined with the reflector location, the ionization parameter (ξ=L/nr2), and hence 
density (n) can be determined. Clumpiness can then be constrained by combining the observed line 
luminosity, the physical density n, and column density (N

H
=nr).

● What is the shape of the intrinsic continuum?What is the shape of the intrinsic continuum? The high energy coronal cutoff has not been constrained, 
even with NuSTAR (Puccetti et al. 2014, E

cut
>200-300 keV). Astro-H HXI and SGD will measure up to 

E
cut

~400 keV  at least, as a consequence of the source being the brightest Sy 2 in hard X-rays.

Exposure time (T) request: This is dependent on unknown instrumental cross-calibration uncertainty. We 
introduced a 10% systematic error into the SGD faked spectrum to account for this. In 150 ks, the 
combination of HXI+SGD can clearly constrain E

cut
 to within ~25% at energies even as high as 400 keV (see 

figure below). This also allows a previously suggested broad Fe Kα component possibly associated with the 

inner torus (FWHM=2800 km s-1 from Chandra/HEG; Shu et al. 2011) to be deconvolved from the narrower 
components associated with the extended reflector (Marinucci et al. 2012), and to search for sub-structure 

related to torus clumpiness. The FWHM of the broad Kα component can be measured to ~350 km s-1 (90% 
confidence). The ionized line components will be resolved if the velocity dispersion is low. 
Gain/loss with changing T: On the other hand, with a lower T (e.g. 75 ks), the simulated data cannot constrain 
E

cut 
even if it were to lie at the lower limit of 300 keV that was suggested by NuSTAR. A longer T (e.g. 300 ks, 

split as 2x150 ks) will likely probe a wide range of fluxes because the source is strongly variable, and so will 
additionally allow testing whether E

cut 
depends upon source flux as suggested by Puccetti et al. with NuSTAR. 

Ancillary data: A short (~20 ks) simultaneous exposure with NuSTAR will mitigate absolute calibration 
uncertainty. No bright ULXs/X-ray binaries within the central ~1 arcmin show Fe Kα, and contamination to 
the nuclear spectrum above 6 keV is minimal, so simultaneous Chandra/XMM observations are not critical.

(a) Puccetti et al. (2014) model of NGC 4945 simulated with T=150 ks (“group min 20” and “setp rebin 3” 
were used); (b) Zoom-in on the Fe complex, showing the Compton shoulder, narrow Kα, Kβ, individual 

ionized line components and edge. An additional broad (2800 km s-1) component with half the Kα line flux 
(associated with the inner torus?) will be well detectable. As compared to previous high spectral resolution 
data from Chandra/HEG shown in green (Shu et al. 2011; renormalized), the gain will be enormous. (c) 
Confidence contours for reflection strength vs. E

cut
 for a simulation in which E

cut
=400 keV is assumed.
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100 ks simulation of NGC4945
starburst-Seyfert 2 composite galaxy
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European contribution to ASTRO-H

• Cooperation agreement with JAXA approved by the 132nd ESA Science Programme 
Committee Meeting (February 2011):

‣ Procurement of payload hardware element

‣ Provision of technical support, especially on hardware contribution and cryogenic 
chain

‣ Testing of detectors at European facilities

‣ Sponsoring three ASTRO-H Science Team members

‣ Provision of user support for the European community:

- 1 fte at ESAC + 1 fte at JAXA + 2 fte at the University of Geneva (1.5 paid by 
Swiss funds)

(ESA/SPC(2011)6)
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ASTRO-H user support for the European community

• Handling of European Announcement 
of Opportunities, proposal technical 
evaluation, OTAC support

• Liaison with JAXA for the 
implementation of European proposals 
and cross-calibration observations

• Storage and dissemination of data

• Support to calibration and operations 
at JAXA

• Promotion in Europe (w/SOC)

• Expert knowledge on ASTRO-H 
instruments for European users

• Review user’s documentation

• Training activities for European 
astronomers

• Contribute to the validation of 
calibration and data analysis software

Science Operations Centre (SOC) at ESAC Science Support Centre (ESSC) at UNIGE

ESAC, Spain

EUROPEAN USER  SUPPORT
ACTIVITIES FOR ASTRO-H 

 M. Audard1, C. Ferrigno1, M. Guainazzi2, P. Kretschmar2, D. Lumb3, S. Paltani1

1ASTRO-H European Science Support Center, University of Geneva - Switzerland
2ASTRO-H European Science Operations Center, ESAC - Spain
3ESA, ESTEC - Netherlands

ESSC URL: http://astroh.unige.ch/

 

ASTRO-H

ASTRO-H is an international X-ray observatory 
led by the Japan Aerospace Exploration Agency 
(JAXA), in collaboration with NASA and with 
European involvement, to be launched in late 
2015. It will have a key contribution in observing 
the X-ray sky with wide energy coverage and 
exceptional spectral resolution thanks to two 
major technological leaps:

 h igh-reso lut ion spat ia l ly reso lved 
spectroscopy using cryogenics detector (SXS);

 focussing optics telescope (HXT) in a hard 
X-ray observatory.

It will also be equipped with a large field of 
view soft X-ray Imager (SXI) and a soft gamma-
ray detector (SGD), which will complement the 
instrument capabilities for surveys and broad-
band coverage.

European User Support
for ASTRO-H

The ASTRO-H European user support activities 
are a synergetic effort between the Science 
Support Center at the University of Geneva and 
the Science Operations Center at ESAC. 
Activities are pertain the following items:
1. User Documentation – review and comment; 
specific documents for European users, if 
necessary.
2. Calibration Analysis – review requirements; 
support calibration campaigns on ground and in 
flight; contribute to calibration files. Support 
cross-calibration with other missions, esp. XMM-
Newton, Chandra, INTEGRAL, and NuStar.
3. Software Testing – Analyze test data; end-user 
beta-testing; test reports for ESA.
4. AO Support – European AO tools and 
documentat ion; technical evaluat ion of 
proposals,: support to European TAC.
5. Helpdesk – User support via an online 
helpdesk interface.
6. Data Analysis Workshops – Organization of 
workshop pertaining to ASTRO-H data and 
software.
7. Promotion of the mission in Europe – 
Organization of conferences, presence at relevant 
meetings, advertisement material

The Japanese mission ASTRO-H 
will be the next major X-ray satellite to 

operate after its launch in late 2015. ASTRO-H 
will carry several instruments observing 
simultaneously that will provide broad-band 
coverage from 0.3 to 600 keV, while the Soft X-
ray Spectrometer will offer high spectral 
resolution in the soft X-ray domain. Europe 
actively participates in the ASTRO-H mission, and 
European astronomers will have access to 
observing time. The European user support 
activities will be spread across two centers: The 
Science Operations Center (SOC), located at 
ESAC (Spain), and the European Science Support 
Center (ESSC), located at the University of  
Geneva (Switzerland).

The tasks of  the SOC will be focussed on 
supporting the European user community in the 
use of  the allocated time for ASTRO-H, through 
handling annual calls for observing proposals 
and related activities. The tasks of  the ESSC 
will be focussed on supporting the European 
scientific community with respect to the 

analysis of  ASTRO-H data.

Science 
Operations

Centre 

Science 
Support 

Centre 

ESA Project 
Scientist 

ASTRO-H SOC
TBD. MATTEO?

Scientific goals
The objectives of ASTRO-H are to study the 
evolution of the population of obscured 
supermassive black holes in active galactic nuclei, trace 
the growth history of the largest structures in the 
Universe, provide insights into the behavior of 
material in extreme gravitational fields, determine the 
spin of black holes and the equation of state of 
neutron stars, trace particle acceleration in clusters of 
galaxies and supernova remnants, and investigate the 
physics of  jets.

A highlight: clusters of  galaxies
A good knowledge of the thermodynamic properties 
of the gas in galaxy clusters has been achieved, but 
little is known about the kinetic motions in the form 
of turbulence and bulk motions. This information is 
crucial for our understanding of cluster mergers 
(constraining dynamics, shocks, and particle 
acceleration) and for the use of clusters as 
cosmological probes (by inferring the amount of 
pressure in the form of kinetic motions). Thanks to 
its unprecedented combination of spectral resolution 
and effective area around the Fe XXV-XXVI line 
complex, ASTRO-H/SXS will allow us to measure 
for the first time kinetic motions using line 
broadening and Doppler shifts.

ASTRO-H ESSC
builds upon the success of the INTEGRAL 

Science Data Center (ISDC), which provides the 
INTEGRAL data and the software to exploit 
them, together with calibration monitoring and 
user support. The ESSC also benefits from 
expertise on high-resolution X-ray spectroscopy.

Abell 2256
Δv =1500 km/s

PLEASE COME TO OUR BOOTH

LEARN ABOUT ASTRO-H
AND OUR HELPDESK

Écogia, Versoix, Switzerland

(Audard et al., poster at this Symposium)

Current personnel:
Matteo Guainazzi (@JAXA)
Peter Kretschmar
Celia Sanchez

Current personnel:
Marc Audard

Carlo Ferrigno
Stephane Paltani

Project Scientist: David Lumb (ESA-ESTEC)
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European ASTRO-H HelpDesk

Operated by ESSC and (wo)manned by ESSC/SOC 
astronomers: http://astroh.unige.ch/helpdesk
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ASTRO-H timeline

2007 2008 2009 2010 2011 2012 2013 2014 2015

EIC/MIC

I&T
Launch

H19

Pre 
 Project 
Started 

(June.11)

Project 
Started 
(Oct.1)

PDR 
(May) CDR1 

(Feb)

MTM
TTM CDR2

We are very close to the goal.

EIC/MIC: just finished
CDR: 10/2014
Final integration testing: 11/2014-09/2015
Transportation to the launch site: 10/2015
Launch operations: 11-12/2015

(Courtesy T.Takahashi, JAXA)

Text
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The real thing ...

EIC/MIC just completed!

(Courtesy T.Takahashi, JAXA)
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