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Outline

• Overview of the Hitomi (ASTRO-H) mission


• Operations in the initial phase and what happened to Hitomi


• Initial results of the Perseus Cluster (published in Nature)


• (Potential) Prospects for the Galactic Center



X-ray Astronomy S atel l i te

ASTRO-H

熱い宇宙の中を観る
Insight into the Hot Universe

Launch 
February 17, 2016


JAXA/TSC

H-IIA F30


Mass 
2700 kg


Length 
14 m


Orbit 
Low Earth Orbit

altitude: 575 km

inclination: 31º



International Collaboration

Over 60 institutes and 200 scientists/engineers



Science Goals
1. Structure of the Universe 
- Dynamics and energy distribution in 
clusters of galaxies in the gravitational 
potential of dark matter

- Roll of supermassive black holes in 

evolution of the universe


2. Physics in extreme conditions 
- Black holes: strong gravitation

- Neutron stars: strong gravitation, 

strong magnetic fields, extreme 
density


- Supernova remnants: chemical 
evolution, shock waves, particle 
acceleration 

ASTRO-H Press Kit by JAXA



History of the Development
2003 First proposal as a successor to ASTRO-E2 (Suzaku)

2004 Second proposal

2008 The ASTRO-H Project officially started

2012 Testing started

2014 EIC/MIC

2015 Final Integration and Testing

Thermal Test

in the 13-meter chamber

at JAXA/TKSC



Observing Instruments
X-ray Telescope

Soft X-ray Telescope (SXT-S) 

Soft X-ray Telescope (SXT-I)

Hard X-ray Telescope (HXT) x2

X-ray Detectors

Soft X-ray Imager (SXI)

Soft X-ray Spectrometer (SXS)

Soft Gamma-ray Detector (SGD) x2

Hard X-ray Imager (HXI) x2

Extensible Optical Bench (EOB)

Deployed after launch to achieve 
12 m focal length necessary for 
Hard X-ray Imager

Soft Gamma-ray Detector (SGD)

Hard X-ray Imager (HXI)

Soft X-ray Imager (SXI)

Soft X-ray Spectrometer (SXS)

Soft X-ray Spectrometer 
microcalorimeter


high spectral resolution


Soft X-ray Imager 
X-ray CCD


Hard X-ray Imager 
Si/CdTe hybrid imager


5-80 keV


Soft Gamma-ray Detector 
collimated Compton telescope


40-600 keV

polarimeter



SXS: X-ray Microcalorimeter
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軟X線分光検出器（SXS）
SXSは衛星搭載機器として、X線マイクロカロリメータ
を使った天体観測装置である。検出器に入射したX線
光子1個1個のエネルギーを素子の温度上昇として測定
する。そのエネルギー分解能は極低温に冷却すること
で飛躍的に向上し、SXSでは、動作温度 50mKにおい
て、5.9keVのX線に対してエネルギー分解能 7 eV 
(FWHM)以下を達成している。

軟X線分光検出器(Soft X-ray Spectrometer, SXS) 検出器全
体SXSは全重量が約390kg、全消費電力が通常時で約
570Wという巨大なサブシステムである。冷媒を含む SXS
デュワー(真空断熱容器)で、内部に検出器が搭載されてい
る。断熱消磁冷凍機(ADR)や、機械式冷凍機(JT,PC,SC)な
ど他の冷却系と合わせて、検出器を 50 mKに冷却する。

NASA
26

軟X線分光検出器（SXS）
SXSは衛星搭載機器として、X線マイクロカロリメータ
を使った天体観測装置である。検出器に入射したX線
光子1個1個のエネルギーを素子の温度上昇として測定
する。そのエネルギー分解能は極低温に冷却すること
で飛躍的に向上し、SXSでは、動作温度 50mKにおい
て、5.9keVのX線に対してエネルギー分解能 7 eV 
(FWHM)以下を達成している。

軟X線分光検出器(Soft X-ray Spectrometer, SXS) 検出器全
体SXSは全重量が約390kg、全消費電力が通常時で約
570Wという巨大なサブシステムである。冷媒を含む SXS
デュワー(真空断熱容器)で、内部に検出器が搭載されてい
る。断熱消磁冷凍機(ADR)や、機械式冷凍機(JT,PC,SC)な
ど他の冷却系と合わせて、検出器を 50 mKに冷却する。

NASA

✓ The detector is operated at 50 mK by a chain of coolers including 
adiabatic demagnetization refrigerators. 

✓ Energy resolution: 5 eV (FWHM) at 6 keV 
✓ 6×6 pixels 
✓ Field of view: 3×3 arcmin2



Resolving Power Effective Area

Fe-K Band

SXS: X-ray Microcalorimeter

• An X-ray microcalorimeter can see extended sources, while grating 
spectrometers are only effective for point-like sources. 

• The SXS has significantly improved performance both for energy 
resolution and collection area at the iron-K band.



Initial Operations after the Launch

February 17, ASTRO-H was launched 
on H-IIA Launch Vehicle No. 30 from 
Tanegashima Space Center, Japan.


After the first contact, it was given a 
new name “Hitomi”, which means eye 
or pupil, the aperture of the eye to 
gaze into the hot universe.

February 17–28 (first 12 days): critical operation phase 
Check of the spacecraft bus functions, tests of the SXS, and extension of 
the hard X-ray imager part (extensible optical bench) were conducted.


February 29– (6 weeks, scheduled): initial function check phase 
All the scientific instruments were turned on, and had been under function 
check. All the instruments worked well.



Anomaly and Loss

Detailed description is found at the JAXA website: 

http://global.jaxa.jp/projects/sat/astro_h/topics.html

• JAXA found that communication with the satellite failed from the 
start of its operation originally scheduled at 16:40 (JST), March 26. 

• Separation of objects and fast rotation of the spacecraft ware 
observed, and it is highly likely that both solar array paddles had 
broken off at their bases.  

• JAXA discontinued recovery efforts (press release on April 28). 

• JAXA reported detailed technical mechanism of the incident.

http://global.jaxa.jp/projects/sat/astro_h/topics.html


Observations of the Perseus Cluster

• Clusters of galaxies are the largest gravitationally bound objects in 
the universe, and are therefore important probes of cosmological 
parameters and large-scale astrophysical processes. 

• They contains hot diffuse gas (50 million kelvin) as the dominant 
baryonic component, which is only seen in the X-ray band.
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that gas21,22 are consistent with the trend of the SXS bulk shear, sug-
gesting that the molecular gas moves together with the hot plasma. 
(More details of the X-ray spectra and imaged region are provided in 
Extended Data Figs 1–8.)

The large-scale bulk shear over the observed 60-kpc field is of com-
parable amplitude to the small-scale velocity dispersion that we derive 
for the outer region. The dispersion can be due to gas flows around the 
rising bubble at the centre of the field23,24, a velocity gradient in the 
cold front25 contained in this region, sound waves26,27, turbulence28 
or galaxy motions29. The large-scale shear could be due to the buoyant 
AGN bubbles or to sloshing motions of gas in the cluster core that give 
rise to the cold front25.

If the observed dispersion is interpreted as turbulence driven on 
scales comparable with the size of the largest bubbles in the field 
(about 20–30 kpc), then it is in agreement with the level inferred28 
from X-ray surface brightness fluctuations. In this case, our meas-
ured velocity dispersion suggests that turbulent dissipation of kinetic 
energy can offset radiative cooling. However, assuming isotropic tur-
bulence, the ratio of turbulent pressure to thermal pressure in the 
intracluster medium is low at 4%. Such low-velocity turbulence can-
not spread far (<10 kpc) across the cooling core during the fraction  
(4%) of the cooling time in which it must be replenished, so the  
turbulent-dissipation mechanism requires that turbulence be gen-
erated in situ throughout the core. Another process is needed to 
transport energy from the bubbling region. The observed level of 
turbulence is also sufficient to sustain the population of ultrarela-
tivistic electrons that give rise to the radio synchrotron mini-halo 
observed in the Perseus core30.

A low level of turbulent pressure measured for a the core region 
of a cluster, which is continuously stirred by a central AGN and 
gas sloshing, is surprising and may imply that turbulence in the 
intracluster medium is difficult to generate and/or easy to damp. If 
true throughout the cluster, then this is encouraging for total mass 
measurements, which depend on knowledge of all forms of pres-
sure support, and for cluster cosmology, which depends on accurate  
masses.

The Hitomi spacecraft lost its ground contact on 2016 March 26, and 
later the recovery operation by JAXA was discontinued.
Online Content Methods, along with any additional Extended Data display items and 
Source Data, are available in the online version of the paper; references unique to 
these sections appear only in the online paper.

Received 26 April; accepted 4 June 2016.
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Figure 3 | The region of the Perseus cluster observed by the SXS.  
a, The field of view of the SXS overlaid on a Chandra image. The nucleus 
of NGC 1275 is seen as the white dot with inner bubbles to the north and 
south. A buoyant outer bubble lies northwest of the centre of the field.  
A swirling cold front coincides with the second-most-outer contour.  
The central and outer regions are marked. b, The bulk velocity field across 
the imaged region. Colours show the difference from the velocity of 

the central galaxy NGC 1275 (whose redshift is z = 0.01756); positive 
difference means gas receding faster than the galaxy. The 1-arcmin pixels 
of the map correspond approximately to the angular resolution, but are 
not entirely independent (see Extended Data Fig. 5). The calibration 
uncertainty on velocities in individual pixels and in the overall baseline is 
50 km s−1 (∆z = 0.00017).

Hitomi Field of view

on Chandra image

• Particularly, measurement of turbulence 
is essential to understand effects of 
central supermassive black holes, and 
to obtain accurate masses of clusters.  

• In the very initial phase, Hitomi observed 
the Perseus cluster, which is the X-ray 
brightest galaxy cluster, for 230 kilo-
seconds. This target was selected for 
the first demonstration of high-
resolution spectroscopy.



The first analysis was already published in Nature.
Hitomi collaboration 2016, Nature, 535, 117



Observed Spectrum, NOT a Simulation!
LETTER RESEARCH

Extended Data Figure 1 | SXS spectrum of the full field overlaid with a CCD spectrum of the same region. The CCD is the Suzaku X-ray imaging 
spectrometer (XIS) (red line); the difference in the continuum slope is due to differences in the effective areas of the instruments.

Hitomi microcalorimeter

Suzaku X-ray CCD

These lines are clearly resolved. They are much narrower than expected.



The Quiescent Intracluster Medium
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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, 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 optically 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 presence of resonant scattering of 
photons18. On the basis of radiative transfer simulations19 of resonant 
scattering in these lines, such resonance-line suppression is in broad 
agreement with that expected for the measured low line widths, provid-
ing 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).

NGC 1275 hosts a giant (80-kpc wide) molecular nebula seen in 
CO and Hα data with a total cold-gas mass of several 1010M⊙, which 
dominates the total gas mass out to a 15-kpc radius. The velocities of 

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.
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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.
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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.

• The line-of-sight velocity dispersion is 164 ± 10 km s-1. 
• The quiescent ICM is a surprise. The central AGN (NGC 1275) had been 

thought to induce turbulence by its energetic jet. 
• Turbulent pressure support is only 4% of thermal pressure, which 

implies that a total cluster mass determined by hydrostatic equilibrium 
would require little correction for turbulent pressure.



He-like Iron-K Complex
LETTER RESEARCH

Extended Data Figure 3 | The Fe He-α line complex from the central 
region around the AGN. The 5.0–8.5-keV spectrum was modelled with 
an isothermal, optically thin plasma in collisional ionization equilibrium 
using either APEC/ATOMDB 3.0.3 (red) or SPEX 3.0 (blue), with an 
additional power-law component accounting for emission from the central 
AGN. During the fit we excluded the Fe Heα resonance line because this 
can be affected by resonant scattering of photons by the intracluster gas in 

the line of sight. The two spectral codes provide similar results with  
an average temperature of 3.8 ± 0.1 keV and metallicity consistent with  
the solar value. We obtain a velocity broadening of 156 ± 12 km s−1  
from APEC and 178 ± 9 km s−1 from SPEX. Both models suggest that  
the resonant line has been suppressed in the central region. Error bars  
are 1 s.d.

• Fe XXV Heα is resolved into resonance, intercombination and forbidden. 
• Suppression of the resonance line suggests the presence of resonance 

scattering. This also supports a low level of turbulence.

resonance

intercombinationforbidden

optically thin, collisional 
ionization equilibrium

LETTER RESEARCH

Extended Data Table 1 | Line energies used in the Gaussian fits

Data are from refs 35–37.

Zhuravleva et al. 2013



Prospects for the Galactic Center

X-rays provide us with important probes of energetic activity around 
the center of our galaxy. 
• X-ray emitting hot plasma—its origin is still mysterious 
• X-ray reflection of Sgr A* flares from giant molecular clouds 
• X-ray relics of large outbursts of Sgr A*—like the Fermi bubble? 
• Signals of dark matter decay?

Credit: NASA/CXC/UMass/D. Wang et al.

ASTRO-H White Paper on Galactic Center (arXiv:1412:1170v1) and references therein



Highly Ionized Iron: Hot Plasma in GC

• Although the Galactic ridge X-ray emission is resolved into a number of 
point sources with Chandra (Revnivtesv et al. 2009), the Galactic center 
emission may have different component whose origin is unknown. 

• The diffuse hot plasma should expand at high velocity.

The Suzaku spectra of the GRXE in the 2 � 50 keV band can be explained as an assembly of CVs (Yuasa et
al., 2012). The extrapolated number density of these unresolved point sources can be enough to explain the
luminosity of the GRXE (Sazonov et al., 2006). These results may support an idea that the major component
of the GRXE is the superposition of many X-ray point sources, possibly combination of CVs and ABs. This
scenario however contains a serious problem, the equivalent widths (EWs) of Fe XXV He↵ and Fe XXVI Ly↵1

in the GRXE are significantly larger than those of any mixture of known CVs and ABs (Uchiyama et al., 2013;
Warwick et al., 2014).

To answer this problem, unresolved faint CVs and ABs should have about 2–3 times larger iron line EWs
than those of the known bright CVs and ABs. In the faint sources, either the iron abundance is larger than
known sources or other unknown mechanisms to enhance the iron line are at work.

10-9

10-8

10-7

10-6

10-5

Fe XXV Heα
GCXE

GRXE

S XV Heα

10-9

10-8

10-7

10-6

10-5

 0.01  0.1  1  10  100

Ph
oto

ns
 cm

-2  s-1  ar
cm

in-2

Distance from Sgr A* along the longitude |l*| (degree)

Fe XXVI Lyα

 0.01  0.1  1  10  100

S XVI Lyα

GCXE

GRXE

GCXE

GRXE GRXE

GCXE

Figure 2: Flux distributions of Fe XXV He↵ (upper left), Fe XXVI Ly↵ (lower left), S XV He↵ (upper right) and S XVI Ly↵ (lower
right) (Uchiyama et al., 2013). Red and blue dotted lines show the GCXE and GRXE components, respectively.

Figure 2 is the flux distributions of Fe XXV He↵, Fe XXVI Ly↵, S XV He↵ and S XVI Ly↵ along the
Galactic plane. The longitudinal distribution profiles are di↵erent among these lines; the Fe XXVI Ly↵ flux at
the GCXE (|l| < 1�) shows larger excess relative to those of the GRXE compared to Fe XXV He↵, and vice
versa for S XV He↵ and S XVI Ly↵. Thus the temperatures of the GCXE and the GRXE are di↵erent such that
the temperature of LP in the GCXE is lower than the GRXE and HP at the GCXE is higher than the GRXE.

Figure 3 shows the comparisons between profiles of the Fe XXV He↵ line, which is a typical component
of the HP, and the stellar mass distribution based on near-infrared observations (Uchiyama et al., 2011). The
emissivity of Fe XXV He↵ per stellar mass in the GCXE is about two times larger than that in the GRXE.
Heard & Warwick (2013) also found similar excesses with XMM-Newton. The authors mainly used the COBE
results (Launhardt et al., 2002) so that the stellar mass profile has a large uncertainty (Heard & Warwick,
2013). Nishiyama et al. (2013), on the other hand, used high-quality SIRIUS/IRSF data for the near-infrared

1We use the terminologies of He↵ and He� for the transition to K-shell (quantum number n = 1) from higher excited states (quantum
number n = 2 and 3) of He-like atoms, respectively.
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Figure 9: SXS spectra of the Radio Arc region with a 100 ks exposure. Upper panel: The 6.4 keV and 6.7 keV (for the case of point
source origin) line. Lower panel: Same as the upper panel, but the 6.7 keV line is expanding with the velocity of 500 km s�1 (di↵use
origin)

we determine the expansion velocity, then we can constrain the plasma confining mechanisms. We show the
simulated SXS spectra with 100 ks exposures in figure 9 with the expansion velocity 0 km s�1 (Upper) and
500 km s�1 (Lower). We constrain the expansion velocity of the 6.7 keV line to be 500 ± 80 km s�1 (hereafter,
errors are at 90% confidence levels).

If the 6.7 keV lines are of point source origin, although less likely as we discuss in section 1, the width of the
6.7 keV line should be narrow, similar to the 6.4 keV line. Thus by the width measurement of the 6.7 keV line,
we can constrain the origin.

Since this region is the bright in the 6.4 keV line, we can easily measure the Compton shoulder of the 6.4 keV
line with a reasonable exposure time. The lowest energy of the Compton shoulder gives the scattered angle (✓);
✓ is the angle between two lines of Sgr A⇤–Radio Arc and our line-of-sight. Thus it provides the line-of-sight
position of the XRNe. The flux of the Compton shoulder is proportional to the hydrogen column density NH of
the scattered gas. We can also detect Fe K-edge absorption, which immediately tells us the NFe of these clouds
(Nobukawa et al., 2011). The equivalent width (EW) of the 6.4 keV line depends on ✓, because Compton
scattering flux (continuum band) is proportional to 1 + cos2(✓). Thus if we can determine the Fe abundance,
the EW can also be an indicator of the scattering angle (✓). We simulate the Compton shoulder profile for the
backside reflection (scattering angle ✓ = 180�) and normal reflection (✓ = 90�). With a 200 ks exposure, we
can determine ✓ with an error of ⇠ 10�, corresponding to the time-bin of 50 year in the look-back light-curve of
Sgr A⇤. This error is a similar value of Ryu et al. (2013), and hence the light curve can be smoothly combined.
Together with the scattering angle ✓, NFe and the 6.4 keV line flux, we can accurately derive the period and
luminosity of the past activity of Sgr A⇤.

2.2 West of Sgr A⇤

This is a mirror position of Radio Arc with respect to Sgr A⇤. Unlike the Radio Arc region, this region is weak
in the 6.4 keV line, hence rather pure GC hot plasma spectra will be obtained. The He↵ line complex and Ly↵
would be essentially the same as the Radio Arc region (see fig 9). The major objective is to resolve the fine
structure of the He↵ line complex. The line ratios of resonance/forbidden and inter combination lines give good
plasma diagnostics. We note that pointing positions discussed in sections 2.1 and 2.2 are very close to those of
the Suzaku pointing described in Koyama et al. (2007c).
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See also Nobukawa's poster about related science.



Neutral Iron: X-ray Reflection Nebulae
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and additional emission of XRN itself. The results give line-of-sight positions of the XRNe in the GC plasma.
Combining with the projected position (2-dimension), we construct the three-dimensional distribution of the
XRNe. Then using the flux of XRNe, we can obtain the fluxes of Sgr A⇤ at di↵erent epochs (figure 5). The
X-ray luminosity of Sgr A⇤ was about 106 times higher than it is now. Then the flux dropped down to the
current level about 100 years ago.
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Figure 6: Left: The images of short-term time-variability of the Sgr B2 cloud from 2005 to 2009. Right: X-ray spectra of Sgr B2
(Nobukawa et al., 2011).

Some of the XRNe exhibit time variability on a timescale of few years (figure 6), (e.g. Koyama et al. 2008;
Inui et al. 2009; Terrier et al. 2010; Ponti et al. 2010). Thus the high flux level between 100–700 years ago
cannot be a single flat-top flare, but would be due to multiple short-time flares of the peak flux about (1–3)⇥1039

erg s�1. Ponti et al. (2010) argued that apparent superluminal motion of a light front illuminating a molecular
nebula might be due to a source outside the MC (such as Sgr A⇤ or a bright and long outburst of an X-ray
binary). Monte Carlo simulations by Odaka et al. (2011) presented the detailed morphologies and spectra of
the reflected X-ray emission for several realistic models of Sgr B2.

Other than in the giant molecular clouds, the weaker 6.4 keV emission is prevailing all over the GC region.
The origin has still been an open issue. Chernyshov et al. (2012) suggests that the extended 6.4 keV emission
can be explained by ambient molecular gas reflecting the past X-rays from Sgr A⇤ like the XRNe. An alterna-
tive explanation is due to fluorescence and bremsstrahlung or inverse bremsstrahlung emission of low energy
electrons or ions (e.g. Yusef-Zadeh et al. 2002; Dogiel et al. 2009). We do not have crucial information, such
as line broadening and equivalent width of the 6.4 keV line, to constrain the origin, which will be obtained by
ASTRO-H.

1.3 Other Relics of Big Flares of Sgr A⇤

Suzaku recently discovered a thermal emission of about 0.5 keV at around (l, b)= (0�, �1�.5) (see figure 7 left;
Nakashima et al. 2013). Remarkable features of this plasma is that it has a jet-like structure ejected from Sgr
A⇤ (here, the Galactic bulge jet). Also the X-ray spectra cannot fit with a collisional ionization equilibrium
(CIE) plasma model, leaving clear excesses at the Si XV Ly↵ line and the radiative recombination continuum
(RRC) structure of Si and S at around 2–4 keV. The spectra are nicely fitted with a recombining plasma (RP)
model as is shown in figure 7 (right). One plausible scenario is that the almost fully ionized (at least, for Si and
S) plasma was made by a jet-like activity (flare) of Sgr A⇤ ⇠ 2 ⇥ 105 years ago, and is now in a recombining
phase.

The Fermi satellite discovered the large scale GeV gamma-ray emissions called “the Fermi bubble”. The
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• X-ray reflection brings us detailed information on clouds themselves 
and an illuminating source—Sgr A*. 

• Sgr B2 almost disappeared now; clouds around Sgr A would be better?  

• The Compton shoulder associated with Fe Kα is a new spectral probe 
of geometry, column density, Fe abundance, and time variability.
Odaka et al. 2011, 2016 in press

Nobukawa et al. 2011, Zhang et al. 2015



Temporal Information from Spectroscopy

Odaka et al. 2016 in press

Fine spectral features contain temporal information, helping us with 
search for past energetic activities. 
• The He-like triplet is sensitive to electron temperature and density, 

probing a plasma that does not reach ionization equilibrium. 
• A Compton shoulder profile changes with time after the flare 

irradiation.

accretion rate was about 1000 times higher than the current rate in the past 10 Myrs (Totani et al., 2006). The
outflow energy by such an accretion rate is expected to be 1056 erg (or 3 ⇥ 1041 erg s�1). Thus identification of
the origin of 511 keV line emission using the SGD, together with unresolved connection to GeV/TeV gamma-
rays recently reported by the Fermi-LAT and HESS (e.g., Chernyakova et al. 2011) are key science left in the
ASTRO-H era.

If we concentrate on the Fe XXV He↵ line in the GCXE from the close vicinity of Sgr A⇤, we may discover
a relic of the past activity of Sgr A⇤ of ⇠ 1041�42 erg s�1 at ⇠ 2 ⇥ 105 years ago (Nakashima et al., 2013).
The putative flare would photo-ionize (e.g. Fe XXV �! Fe XXVI, in the GCXE) to make recombining plasma
(RP). Using the density (n) of 0.1 cm�3 (Uchiyama et al., 2013), the recombination parameter is nt ⇠ 5 ⇥ 1011

cm�3 s, hence the plasma is likely to be still in RP phase.

Fe XXV

Fe XXVI

z w

CIE plasma model 
Recombining plasma model

Figure 12: A 100 ks simulation of the GCXE in the close vicinity of Sgr A⇤ with SXS. Thermal expansion of 500 km s�1 is assumed.

Using the flux ratio of resonance (w) and forbidden (z) lines in the Fe XXV He↵, we investigate whether
GCXE plasma near Sgr A⇤ is RP or not. This study was impossible with the XIS resolution. A 100 ks simulation
of SXS gives z/w to be 0.99 ± 0.11 in RP of nt ⇠ 5 ⇥ 1011 cm�3 s, while collisional ionization equilibrium
(CIE) is 0.43 (figure 12). Thus RP will be established by 5 � level. This will provide firm evidence for the past
(⇠ 105 years ago) activity of Sgr A⇤. Furthermore from the nt value, we can trace the time history of the past
flare.

2.5 Sgr B, C, D, and E

Sgr B and C are typical XRNe (Koyama et al., 2007a; Nakajima et al., 2009). Sgr D and E are also likely to
be XRNe (Nobukawa et al.2014, private communication). Unlike Radio Arc, contaminations of the GCXE in
these regions are small, and hence these sources are the best targets to investigate photo-ionized astrophysical
plasma and XRNe scenario. Since short-term time-variability was observed with the Suzaku satellite, we may
add further data for the light curve of Sgr A⇤. However we need long time exposure because the 6.4 keV line
fluxes are far smaller than that of Radio Arc. In a long time exposure, we can see detailed line physics like
Compton shoulder, Doppler broadening etc. as in the case of Radio Arc. The measurements of the center
energy of the 6.4 keV lines may add the Galactic rotation curve data up to � 100 pc (see section 2.6).
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Figure 6. The two-dimensional colour maps show the line equivalent width EWK↵

(in the left panel) and the fraction fCS of the CS (in the right panel) as
two-dimensional functions of the column density NH and the metal abundance Ametal.

Energy [keV]
6 7 8 9 10 20 30 40 50

-1
P

h
o
to

n
s 

e
V

310

410

510

610

Energy [keV]
6 6.05 6.1 6.15 6.2 6.25 6.3 6.35 6.4 6.45

-1
P

h
o

to
n

s 
e

V

0

1000

2000

3000

4000

5000

6000

7000

8000

Energy [keV]
6 7 8 9 10 20 30 40 50

-1
P

h
o
to

n
s 

e
V

1

10

210

310

410

510

610

710

Energy [keV]
6 6.05 6.1 6.15 6.2 6.25 6.3 6.35 6.4 6.45

-1
P

h
o
to

n
s 

e
V

210

310

410

510

Figure 7. X-ray spectra emerging from a spherical cloud with NH = 1⇥ 1024 cm�2 and Ametal = 1.0 for different conditions of the X-ray illumination.
Broadband spectra are shown in the left column, and spectra enlarged around the iron line in the right column where the underlaying continua are subtracted
for clear comparison of the CS profile. In the upper panel, we apply different photon indices of the illuminating spectrum, � = 1.2 (black), 1.6 (red), 2.0
(green), 2.4 (blue), and 2.8 (yellow). In the bottom panels, we assume a short flare, and show spectra at different observation time: 0 6 t < 0.1 (black),
0.1 6 t < 0.2 (red), 0.5 6 t < 0.6 (green), 1.0 6 t < 1.1 (blue), 1.5 6 t < 1.6 (magenta), and 2.0 6 t < 2.1 (cyan). The origin of time is defined as the
moment at which the direct photons reach to the observer. See text in detail.
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Conclusions

• The X-ray microcalorimeter was successfully operated at 50 milli-
kelvin, and the entire SXS system worked perfectly. It achieved an 
unprecedented spectral resolution, 4.9 eV (FWHM) at 6 keV, or 
resolving power of E/ΔE=1250. 

• Other instruments (SXI, HXI and SGD) also worked well. 

• Hitomi observed the Perseus cluster and revealed that the core of 
the cluster is less turbulent than expected through measurement 
of the narrow emission lines of highly ionized iron. 

• Although the satellite was lost, it showed the power of the high-
resolution spectroscopy, and would also be promising for studying 
energetic activities and structure of the Galactic center region.


