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• Japanse 6th X-ray astronomy mission

• Collaboration with US, Europe, and Canada

• Project Started on 2008 Oct. 1st

• Launched on 2016 Feb. 17th



In-orbit operation of Hitomi
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Spectrum of the Perseus cluster with SXS



Velocity Measurement of ICM
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we measured a ratio of fluxes in Fe xxv Heα resonant and forbidden 
lines of 2.48 ± 0.16, which is lower than the expected value in opti-
cally thin plasma (for kT = 3.8 keV, the current APEC16 and SPEX17 
plasma models give ratios of 2.8 and 2.9–3.6) and suggests the pres-
ence of resonant scattering of photons18. On the basis of radiative 
transfer simulations19 of resonant scattering in these lines, such res-
onance-line suppression is in broad agreement with that expected for 
the measured low line widths, providing independent indication of 
the low level of turbulence. Uncertainties in the current atomic data, 
as well as more complex structure along the line of sight and across 
the region, complicate the interpretation of these results, which we 
defer to a future study.

A velocity map (Fig. 3b) was produced from the absolute energies 
of the lines in the Fe xxv Heα complex, using a subset of the data for 
which such a measurement was reliable, given the limited calibration 
(see Methods). We find a gradient in the line-of-sight velocities of about 
150 ± 70 km s−1, from southeast to northwest of the SXS field of view.  
The velocity to the southeast (towards the nucleus) is 48 ± 17  
(statistical) ± 50 (systematic) km s−1 redshifted relative to NGC 1275 
(redshift z = 0.01756) and consistent with results from Suzaku CCD 
(charge-coupled device) data20. Our statistical uncertainty on relative 
velocities is about 30 times better than that of Suzaku, although there 
is a systematic uncertainty on the absolute SXS velocities of about 
50 km s−1 (see Methods).

all 1-arcmin-resolution bins have broadening of less than 200 km s−1. 
With just a single observation we cannot comment on how this result 
translates to the wider cluster core.

The tightest previous constraint on the velocity dispersion of a cluster  
gas was from the XMM-Newton reflection grating spectrometer,  
giving11,12 an upper limit of 235 km s−1 on the X-ray coolest gas (that is, 
kT < 3 keV, where k is Boltzmann’s constant and T is the temperature) in 
the distant luminous cluster A1835. These measurements are available 
for only a few peaked clusters13; the angular size of Perseus and many 
other bright clusters is too large to derive meaningful velocity results 
from a slitless dispersive spectrometer such as the reflection grating 
spectrometer (the corresponding limit for Perseus13 is 625 km s−1). The 
Hitomi SXS achieves much higher accuracy on diffuse hot gas owing 
to it being non-dispersive.

We measure a slightly higher velocity broadening, 187 ± 13 km s−1, 
in the central region (Fig. 3a) that includes the bubbles and the 
nucleus. This region exhibits a strong power-law component from 
the AGN, which is several times brighter than the measurement14 
made in 2001 with XMM-Newton, consistent with the luminosity 
increase seen at other wavelengths. A fluorescent line from neutral 
Fe is present in the spectrum (Fig. 1), which can be emitted by the 
AGN or by the cold gas present in the cluster core15. The intracluster 
medium has a slightly lower average temperature (3.8 ± 0.1 keV) than 
the outer region (4.1 ± 0.1 keV). By fitting the lines with Gaussians, 
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Figure 1 | Full array spectrum of the core of 
the Perseus cluster obtained by the Hitomi 
observatory. The redshift of the Perseus cluster 
is z = 0.01756. The inset has a logarithmic scale, 
which allows the weaker lines to be better seen. 
The flux S is plotted against photon energy E.

Figure 2 | Spectra of Fe xxv Heα, Fe xxvi Lyα and Fe xxv Heβ from 
the outer region. a–c, Gaussians (red curves) were fitted to lines with 
energies (marked by short red lines) from laboratory measurements in 
the case of He-like Fe xxv (a, c) and from theory in the case of Fe xxvi 
Lyα (b; see Extended Data Table 1 for details) with the same velocity 
dispersion (σv = 164 km s−1), except for the Fe xxv Heα resonant line, 

which was allowed to have its own width. Instrumental broadening with 
(blue line) and without (black line) thermal broadening are indicated in 
a. The redshift (z = 0.01756) is the cluster value to which the data were 
self-calibrated using the Fe xxv Heα lines. The strongest resonance (‘w’), 
intercombination (‘x’, ‘y’) and forbidden (‘z’) lines are indicated. The error 
bars are 1 s.d.
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Fig. 6. Left: PSF corrected bulk velocity (vbulk) map with respect to z = 0.017284 (heliocentric correction applied). Right: PSF corrected LOS velocity

dispersion (σv) map. The unit of the values is km s−1. The Chandra X-ray contours are overlaid.
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Fig. 7. Same as figure 6, but PSF correction is not applied.

(degree of freedom) in the continuum fitting is 63146.77/68003. Detailed description of the mea-
surement of the continuum parameters are shown in AGN paper and T paper.

After determining the self-consistent parameter set of the continuum as mentioned above, we

again fitted all the spectra simultaneously to obtain the parameters associated with spectral lines.

This time, the temperatures and normalizations were fixed to the above obtained values, and the

Fe abundance, the LOS velocity dispersion and the redshift were allowed to vary. The fitting was

done using a narrow energy range of 6.4–6.7 keV, excluding the energy band corresponding to the

resonance line in the observer-frame (6.575–6.6 keV). The obtained C-statistic/d.o.f. in the velocity

fitting is 2822.38/2896.

Figure 6 shows the obtained velocity maps with PSF correction. The corresponding velocity

maps without PSF correction are shown in figure 7 for comparison. The best-fitting values are listed
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PSF corrected velocity maps

• bulk shear of ~100 km/s  
• zero point is consistent with NGC1275 
• low σv 

• ~200 km/s around AGN and NW cavity 
• ~100 km/s everywhere else

~200 km/s

~100 km/s

Reg0: 
AGN

Reg1

Reg2

Reg3: 
filament

Reg4: 
NW 
cavity

Reg5

Reg6

bulk velocity (LOS velocity) LOS velocity dispersion

Instrumental resolution ~ 5eV

Thermal broadening ~ 1eV ~ 80 km/s

Observed broadening ~ 4 eV ~ 160 km/s



Metal Abundances in ICMImplication of the Hitomi result
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Uniformity in the (average) nature of SNe Ia

Solar ratio

Abundance pattern is surprisingly consistent with the solar one!

Metallicity is Z ~ 0.8 Z◉



Temperature Measurement & Plasma code

Temperature measurements w/ line ratios

=> consistent with the projection effect

Update of the SPEX and APEC 

Comparison between the plasma codes

SPEX v3.0.3

APEC v3.0.8

SPEX v2
CHIANTI 

Si

Si
S Ar

Fe



Results from Other Targets

Publications of the Astronomical Society of Japan, (2014), Vol. 00, No. 0 9
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Fig. 3. (Top) SXS spectrum summed over all the 35 pixels. Peaks around
5.9, 9.7, and 11.5 keV are the instrumental background of Mn K↵, Au L↵ and
L�, respectively. Poisson error bars (Gehrels 1986) are presented. Note that
the spectrum is binned to 4 eV. (Bottom) Same as the top panel but for the
energy range near 6.4 keV. The sum of the fitted models of seven Lorentzian
functions for the Fe K↵ lines and a power-law is shown in a solid red line,
with each component shown in dashed lines and different colors. Although
the fitting is performed using the original 0.5 eV per bin spectrum, we show
the spectrum with a binning of 2 eV for display purposes. Blue data with
filled triangles are the calculated NXB spectrum that is not subtracted from
the source spectrum.

Table 1. Best-fit parameters for the
SXS spectrum.

Parameter Value
E↵11

⇤ (eV) 6405.4†
�↵11 (FWHM in eV) 3.5†
I↵11 (10�4 cm�2 s�1) 2.4
� 0 (fixed)
A (10�3 cm�2 s�1) 1.6
C-stat (d.o.f.) 131.7 (234)

⇤ Energy at the maximum of the primary
Lorentzian (↵11 in Table II in Hölzer et al.
(1997)).
† See text for a discussion of the probability
distributions for E↵11 and �↵11.

on-orbit full-array gain calibration before the observation of
IGR J16318. A later calibration using the filter-wheel 55Fe
sources was carried out after changing several cooler power
settings (Eckart et al. in preparation). Because the MXS was
not yet available, a dedicated calibration pixel that was located
outside of the aperture and continuously illuminated by a colli-
mated 55Fe source served as the only contemporaneous energy-
scale reference. The time-dependent scaling required to correct
the gain was applied to each pixel in the array. It was known
prior to launch that the time-dependent gain-correction func-
tion for the calibration pixel generally did not adequately cor-
rect the energy scale of the array pixels. The relationship be-
tween changes of the calibration pixel and of the array was not
fixed, but rather depended on the temperatures of the various
shields and interfaces in the dewar. Therefore, although the rel-
ative drift rates across the array were characterized during the
later calibration with the filter-wheel 55Fe source, the changes
in cooler power settings between the IGR J16318 observation
and that calibration limit the usefulness of that characteriza-
tion. In fact, the measured relative gain drift predict a much
larger energy-scale offset between the final two pointings of the
Perseus cluster of galaxies than was actually observed.

To overcome our limited ability to extrapolate from the cali-
bration pixel, we examined the whole-array Mn K↵ instrumen-
tal line (Kilbourne et al. 2017) in source-free data taken from
7th March to 15th March, when the SXS was being operated
with the same cooler settings (Tsujimoto et al. 2017) as those
in the IGR J16318 observation. The SXS energy scale is found
to be shifted by at most +1 ± 0.5 eV at 5.9 keV. Further insight
into the gain uncertainty comes from examining the errors in
the Mn K� position in the filter-wheel 55Fe data after adjusting
all the pixels gain scales based on the Mn K↵ line. The er-
rors ranged within �0.6–+0.2 eV, which indicate the minimum
scale of the gain uncertainty at 6.5 keV. We conclude that the
gain shift with uncertainty of the line centroid of Fe K↵, which
is between the Mn K↵ and K� lines, is +1 ± 0.5 eV at the time
of the observation of IGR J16318.

Publications of the Astronomical Society of Japan, (2014), Vol. 00, No. 0 11
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Fig. 5. SXS spectra of the (left) Fe XXV Heα and (right) S XV Heα fitting regions. The data points are detected SXS counts with Poisson error bars from Gehrels

(1986). In both panels, the blue shaded region shows the best-fit model, and the black shaded region, barely visible, shows the estimated total background. In

the left panel, the dotted line shows the model with velocity fixed at vhelio,LMC = 275 km s−1. The Fe spectrum is binned to 16 eV and S binned to 4 eV for

display purposes.

Table 1. Results of SXS Spectral Fitting.∗

Model Parameter Fe XXV fit S XV fit
no broadening with broadening† no broadening with broadening†

N132D CIE plasma (vapec)
kT (keV) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
ZSi (solar) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
ZS (solar) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
ZFe (solar) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
vhelio (km s−1) . . . . . . . . . . . . . . 0 . . . . . . . . . . . . . . 210+370

−380 520+770
−620

σ (km s−1) . . . . . . . . . . . . . . 0 . . . . . . . . . . . . . . 0 520+780
−340

flux, 2–10 keV‡ . . . . . . . . . . . . . .8.8. . . . . . . . . . . . . . 5.6+2.9
−1.9 5.5+3.1

−1.8

flux, fitting band‡ . . . . . . . . . . . . 0.006 . . . . . . . . . . . . 1.3+0.4
−0.2 1.3+0.4

−0.2

N132D NEI plasma (vrnei)
kT (keV) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
kTinit (keV) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .80 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
net (1012 s cm−3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
ZSi (solar) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
ZS (solar) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
ZFe (solar) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
vhelio (km s−1) 1440+100

−1000 1140+640
−810 1440 1140

σ (km s−1) 0 510+1060
−330 0 510

flux, 2–10 keV‡ 9.5+4.5
−3.0 9.7+4.2

−3.2 6.1 6.2

flux, fitting band‡ 0.48+0.25
−0.16 0.49+0.24

−0.16 0.34 0.34
CXB power law

Γ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.54 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
flux, 2–10 keV‡ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.040 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
flux, fitting band‡ . . . . . . . . . . . . 0.0016 . . . . . . . . . . . . . . . . . . . . . . . . 0.0006 . . . . . . . . . . . .

spectral fitting band . . . . . . . . 6.45–6.80 keV . . . . . . . . . . . . . . . . 2.40–2.48 keV . . . . . . . .
C-stat / d.o.f. 107.9 / 696 106.5 / 695 61.0 / 157 59.1 / 156

goodness-of-fit (KS)§ 24% 20% 62% 31%
goodness-of-fit (CvM)§ 35% 21% 62% 46%
∗Unless noted otherwise, values without quoted uncertainties are fixed. Uncertainties are 90% confidence limits.
†Results with broadening are from inference with a Gaussian prior with σ = 1000 km s−1.
‡Flux is given in units of 10−12 erg cm−2 s−1. The ratio of the vapec and vrnei component normalizations was fixed

to that in Bamba et al. (2017).
§“Goodness-of-fit” is the percentage of simulated observations with lower fit statistic than the real data, as described in

section 3.1.

IGR J16318-4848 (HMXB)N132 (SNR in LMC)

Fe I KaFe XXV Heα

Obtained significant constraints even at very low photon statistics!

Vbulk = 800+700-750 km/s E = 6405.4 ± 2.5 eV
Vsigma =  160+300-70 km/s

17 counts 19 counts



Published Scientific Papers
Perseus cluster
The Queiscent Medium in the Core of the Perseus Cluster A. Fabian Nature

Hitomi constraints on the 3.5 keV line in the Perseus galaxy cluster M. Markevitch ApJL

Solar abundance ratios of the iron-peak elements in the Perseus cluster H. Yamaguchi Nature

Measurements of resonant scattering in the Perseus cluster core with Hitomi SXS K. Sato PASJ

Atmospheric gas dynamics in the Perseus cluster observed with Hitomi 
 Y. Ichinohe PASJ

Temperature Structure in the Perseus Cluster Core Observed with Hitomi S. Nakashima PASJ

Hitomi Observation of Radio Galaxy NGC 1275: The First X-ray Microcalorimeter Spectroscopy of 
Fe-Kα Line Emission from an Active Galactic Nucleus H. Noda PASJ

Atomic data and spectral modeling constraints from high-resolution X-ray observations of the 
Perseus cluster with Hitomi M. Sawada PASJ

N132D
Hitomi Observations of the LMC SNR N132D: Highly Redshifted X-ray Emission from Iron Ejecta  E. Miller PASJ

IGR J16318-4848
Glimpse of the highly obscured HMXB IGR J16318–4848 with Hitomi H. Nakajima PASJ

G21.5-0.9
Hitomi X-ray Observation of the Pulsar Wind Nebula G21.5-0.9 H. Uchiyama PASJ

Crab
Search for Thermal X-ray Features from the Crab nebula with Hitomi Soft X-ray Spectrometer M. Tsujimoto PASJ

Hitomi X-ray studies of Giant Radio Pulses from the Crab pulsar Y. Terada PASJ

13 papers/ 
1 month obs. !



Published Instrument Papers
Mission
The Hitomi (ASTRO-H) x-ray astronomy satellite T. Takahashi JATIS
Soft X-ray Spectrometer
Thermal analyses for initial operations of the soft x-ray spectrometer onboard the Hitomi satellite H. Noda JATIS
Porous plug phase separator and superfluid film flow suppression system for the soft x-ray spectrometer 
onboard Hitomi

Y. Ezoe JATIS
Calibration sources and filters of the soft x-ray spectrometer instrument on the Hitomi spacecraft Cor P. de Vries JATIS
In-orbit operation of the soft x-ray spectrometer onboard the Hitomi satellite M. Tsujimoto JATIS
Performance of the helium dewar and the cryocoolers of the Hitomi soft x-ray spectrometer R. Fijimoto JATIS
Design, implementation, and performance of the Astro-H SXS calorimeter array and anticoincidence detector C. Kilbourne JATIS
Design, implementation, and performance of the Astro-H soft x-ray spectrometer aperture C. Kilbourne JATIS
Vibration isolation system for cryocoolers of soft x-ray spectrometer on-board ASTRO-H (Hitomi) Y. Takei JATIS
In-flight performance of pulse-processing system of the ASTRO-H/Hitomi soft x-ray spectrometer Y. Ishisaki PASJ
In-flight performance of the soft x-ray spectrometer detector system on Astro-H F. S. Porter PASJ
In-flight calibration of Hitomi Soft X-ray Spectrometer. (1) Background C. Kilbourne PASJ
In-flight calibration of the Hitomi Soft X-ray Spectrometer. (2) Point spread function Y. Maeda PASJ
In-flight calibration of Hitomi Soft X-ray Spectrometer. (3) Effective area M. Tsujimoto PASJ
Soft X-ray Imager
Soft X-ray Imager aboard Hitomi (ASTRO-H) T. Tanaka JATIS
In-orbit performance of the soft X-ray imaging system aboard Hitomi (ASTRO-H) H. Nakajima PASJ
Telescopes
Ground-based x-ray calibration of the Astro-H/Hitomi soft x-ray telescopes R. Iizuka JATIS
Supermirror design for Hard X-Ray Telescopes on-board Hitomi (ASTRO-H) K. Tamura JATIS
On-ground calibration of the Hitomi Hard X-ray Telescopes H. Mori JATIS
In orbit performance of the Hard X-ray Telescope (HXT) on board the Hitomi (ASTRO-H) satellite H. Matsumoto JATIS
Hard X-ray Imager
The hard x-ray imager onboard Hitomi (ASTRO-H) K. Nakazawa JATIS
In-orbit performance and calibration of the hard x-ray imager onboard Hitomi (ASTRO-H) K. Hagino JATIS
Soft Gamma-ray Detector
Design and performance of Soft Gamma-ray Detector onboard the Hitomi (ASTRO-H) satellite H. Tajima JATIS
Others
In-flight performance of the Canadian Astro-H Metrology System L. Galo JATIS
Time assignment system and its performance aboard the Hitomi satellite Y. Terada JATIS
Astro-H/Hitomi data analysis, processing, and archive L. Angelini JATIS

26 papers 
JATIS and PASJ



Challenge again with

X-ray Astronomy Recovery Mission 
(XARM)



Scientific Objectives of XARM

• “Structure formation of the Universe and evolution of 
clusters of galaxies” 
- Bulk and turbulence motion in the ICM 

• “Circulation history of baryonic matters in the Universe” 
- Metal abundances in the ICM and SNRs 
- Bulk motions in SNRs 

• “Transport and circulation of energy in the Universe” 
- Properties of AGN tours 
- Velocity of AGN winds 

• “New science with unprecedented high resolution X-ray 
spectroscopy” 
- Observe 100 typical targets per year  



Mission ConceptX-Ray Astronomy Recovery Mission (XARM)

(Almost) a copy of Hitomi

No HXI/SGD

To be launched in 2021

SXS ➔ Resolve
SXI ➔ Xtend

Hitomi XARM

Almost same as Hitomi but w/o HXI & SGD



Mission Instruments

Instrument FoV/pix  ΔE (FWHM @6 keV) Energy band

SXS => Resolve

(microcalorimeter)

2.9’ x 2.9’ /

 6 x 6 pix  7 eV (goal 5 eV) 0.3 – 12 keV
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Fig 6 Photograph of the flight CCDs mounted on the cold plate.
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Fig 7 Schematic layout of the CCD arrays in a look-up view. Only the imaging areas are drawn. The red cross and

square indicate the aim point of SXT-I and the FoV of the SXS, respectively. The gray shaded zones are approximate

locations illuminated by the 55Fe calibration sources. The definitions of the DET and ACT coordinates are indicated

in black and orange, respectively.
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International Collaboration

JAXA/NASA collaborative mission with ESA participants

Space craft and Launcher

Resolve (cooling system)

Xtend (detector)

Operation

Resolve (detector + mirror)

Xtend (mirror)

Data center

Resolve (filter wheel, LHP)



Team Structure
Project Manager (PM) 

H. Maejima (JAXA)

L. Reichenthal (NASA)

Principale Investigator (PI) 
M. Tashiro (Saitama U./JAXA)


co-PI: R. Kelley (NASA)

Responsible for science

Project Engineer (PE) 
K. Toda (JAXA)


J. Lobell (NASA)

Responsible for technical feasibility

Sub systems 
Resolve, Xtend, S/C

Science Management Office 
K. Matsushita (TUS)


R. Petre (NASA)

TBD (ESA)

Mission Operation

Science Operations



Schedule & Current Status

2016
2017

2018
2019

2021 Launch & PV

GO Program

Fabrication & Verification
Detailed design phase

• JAXA SDR (now!)

• To be the XARM project

• JAXA MDR/SRR

• JAXA pre-project start / 

NASA project start

• NASA CDR

• Investigate Hitomi failure

• Summarize Hitomi LL

• XARM proposal as JAXA-

NASA collaboration

Hitomi Failure

Basic design phase

2020



Synergy with eROSITA
Precise mass estimation is necessary for cluster cosmology

=> Calibration of non-thermal pressure by XARM

XMM image of A2029
 r2500=7.6’
<kT>=8.5 keV

z=0.077
The most relaxed cluster
in nearby Universe

SXS FOVs

r2500

center     3’          6’           9’

Vturb with SXS

The PSF scattering – considered
Including the scattered photons

Gas dynamics of relaxed clusters out to r2500



Summary

•Hitomi (ASTRO-H) observatory was lost only 1 month after the 
launch, but demonstrated the power of high resolution 
spectroscopy with microcalorimeter. 


•X-ray Astronomy Recovery Mission (XARM) is ongoing as 
the JAXA-NASA collaboration with ESA participants.


•XARM has the micorcalorimeter (Resolve) and the CCD 
detector (Xtend), but no Hard X-ray Imager and Soft 
Gamma-ray Detector.


•XARM are going to be launched on 2021.


•Collaboration with eROSITA will be fruitful. 


