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Hitomi is the 6th Japanese X-ray astronomy satellite launched on 2016 Feb 17. Although it was
unfortunately lost about 1 month from the launch, Hitomi produced many new scientific results,
owing to extremely high spectral resolution of the non-dispersive SXS detector (X-ray micro-
calorimeter). From the observations of the Perseus cluster, a stringent upper limit of the turbulent
pressure, only <7% of that of the thermal pressure, is obtained, and the metal abundance in ICM is
found consistent to that of the solar vicinity. Power of the high resolution spectroscopy even with
small photon counts is demonstrated in N132D and IGR J16318-4848. Emission/absorption line
search was performed in Crab and G21.5—0.9. A result is obtained to support that the Crab nebula
was born from an electron-capture supernova. New absorption line structures are detected from
G21.5—0.9, although they need further confirmation because of low statistical significance of 3-
40. To fulfill the calorimeter science, the XRISM project has been on-going. Following XRISM,
we have started preparing the next generation hard X-ray mission FORCE that is a successor of
the hard X-ray imager onboard Hitomi, but with much better spatial resolution of 15 arcsec in
HPD. They are planned to be launched by the end of March 2022 and late 2020’s, respectively.
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Scientific results from Hitomi Manabu Ishida

1. Introduction to Hitomi observatory

Hitomi, originally named ASTRO-H prior to the launch, is the 6th Japanese X-ray astronomy
satellite developed by JAXA, under vast international collaboration including NASA, ESA, CSA
and so on [[]. Figure @ shows a schematic view of allocation of the Hitomi scientific instruments.
Two kinds of X-ray mirror assemblies, Soft X-ray Telescope (SXT:[B, B]) and Hard X-ray Tele-
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Figure 1: Overview of the Hitomi observatory

scope (HXT: [@, B, B]) are mounted on top of the optical bench. The SXT and HXT have equivalent
two modules each. The SXTs have a focal length of 5.6 m, and on the focal plane of the SXT-S and
SXT-I, the Soft X-ray Spectrometer (SXS: [@]) and the Soft X-ray Imager (SXI: [B]) are fabricated,
respectively. On the other hand, the two Hard X-ray Imagers (HXIs: [H]) are mounted on the focal
plane of the HXTs. Since the focal length of the HXTs is as long as 12 m, the HXIs are assembled
on a separate plate connected at the end of the extensible optical bench (EOB), which is deployed
after the launch. In addition to the detector systems with focusing optics described above, the Soft
Gamma-ray Detectors (SGDs: [[]) are attached onto side panels of the spacecraft. The SGD also
has two modules. All the detector systems are co-aligned so that they can observe the same target
simultaneously.

In Fig. @ we show the energy band that is covered with all the detector systems onboard Hitomi.
Hitomi covers the band from 0.2 keV to 600 keV with moderate energy overlaps among the four
detector systems.
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Figure 2: The energy band covered with the Hitomi detectors.

2. Hitomi observations and scientific results

2.1 Summary of the observations and the Soft X-ray Spectrometer (SXS)

In Fig. B, we summarize the order of starting up the detector systems across the time line,
together with targets in the field of view that is common among the detector systems. The commis-
sioning of science instruments began with the SXS about one week after the launch 2015 February
17th, followed by the SXI, HXI, and SGD in this order. Unfortunately, Hitomi was lost on 2015
March 26th due to malfunction of the attitude & orbit control system, and was broken up into
several pieces in its orbit. During one month from the commissioning start, we have data on six
targets, as shown in Fig. B.
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Figure 3: The energy band covered with the Hitomi detectors.

In this paper, we hereafter concentrate on scientific results obtained with the SXS. This is
because the SXS is one of the main instruments of Hifomi, and it provides us with the highest
spectral resolution data that have never been achieved in the X-ray band above 2 keV.

The Soft X-ray Spectrometer, or the SXS, is the X-ray micro-calorimeter which detects an
X-ray photon as a slight increase of temperature of an X-ray absorber made of mercury telluride
(HgTe). For this to be possible, the absorber is thermally connected to a heat sink which is cooled
to a temperature of ~50 mK. Since the heat capacity of a solid is proportional to 7> in an extremely
low-temperature environment, it becomes possible to detect tiny temperature increase caused by a
single X-ray photon.

Figure B shows the effective area of the SXT-S/SXS system for a point source and the energy-
resolving power of the SXS, compared with those of the grating systems onboard Chandra and
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XMM-Newton. The effective are of the SXS is larger than the grating spectrometers of Chandra
and XMM-Newton above 0.6 keV. The energy resolution, on the other hand, is better with the
grating spectrometers in lower energy band. The SXS is more advantageous above 2 keV. In Fig. B
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Figure 4: a) Effective area, and b) energy-resolving power of the micro-calorimeter SXS.
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Figure 5: An X-ray spectrum of Perseus cluster taken with the SXS, together with that of the Suzaku CCD
cameras for comparison ([[]).

we show an X-ray spectrum of the core of Perseus cluster taken with the SXS, together with that
taken with the XIS (CCD camera) onboard Suzaku ([[]). A couple of humps at apparent energies
of ~6.6 keV and ~6.8 keV correspond to K-shell emission lines from He-like and hydrogenic iron
lines (so-called Hear and Ly« lines), respectively. A CCD camera, which is a standard imaging
detector widely used by current X-ray missions, can only resolve emission lines of the same atomic
species in different ionization states. The SXS, on the other hand, can resolve atomic transitions
from different angular momentum states of the same ionization state. The spectral resolution at
5.9 keV is 4.97 eV in FWHM, which means the energy resolving power E/AE = 1250. This is
~30 times as powerful as that of the CCD cameras.

2.2 The Perseus cluster

The Perseus cluster is the X-ray-brightest nearby galaxy cluster with a redshift z = 0.01756.
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The cluster is filled with a hot plasma with a temperature of 5 x 107 K. Hitomi observed this cluster
for 290 ks in total. In this section we overview scientific results obtained from the Perseus cluster.

2.2.1 Measurements of dynamical motions

Hitomi examined motions of the hot gas within central 200 kpc region of the Perseus cluster
[, [3]. Figure B shows an SXS spectrum of the Perseus cluster averaged over the central ~60 kpc
region. A bulk velocity of the hot gas and its velocity dispersion are evaluated from centroids
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Figure 6: The SXS spectrum of the central 3x3 arcmin region of Perseus cluster [[3].

and energy widths of these lines, respectively. In the central region, the hot gas does not show
any significant bulk velocity (13416 km s~!) relative to the cD galaxy NGC 1275. Thanks to
the high spectral resolution of the SXS, the velocity dispersion is successfully measured to be
14846 km s~ ! [[3]. Figure @ shows distributions of the bulk velocity and the velocity dispersion of
the central 200 kpc region of the Perseus cluster [[3]. In panel a), Hitomi detected a gradient of the
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Figure 7: a) Bulk velocity and b) velocity dispersion of the central 200 kpc region of the Perseus cluster
(3].

bulk velocity of 100 km s~! across the cluster core. This can be interpreted as the sloshing motion
by AGN [[4] or a recent sub-cluster infall [[J]. The velocity dispersion in panel b) is slightly
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enhanced to 100-200 km s~! at the center and the NW bubble, though it is less than 100 km s~!
in the other observed region. Gaussianity in the line profile indicates that the turbulence scale is
less than 100 kpc. The ICM in the Perseus cluster is quiet and the dynamical support of the cluster
relative to the thermal support 3pmy(vZ,, + 02)/kT is only 0.02-0.07. This implies that we need
not take into account the dynamical motion of the Perseus cluster hot gas in estimating the amount
of dark matter.

2.2.2 Resonance scattering

It has been pointed out that the cluster hot gas can be optically thick for the resonance scat-
tering. If so, the intensity of the resonance line is suppressed toward the cluster center whereas
its intensity is enhanced in the cluster outskirts. In order to see if this is true, a detailed spectral
analysis around the Heo line region of iron has been carried out. The SXS spectrum, together with
the expected spectrum in red color, is shown in Fig. B. It is confirmed that w component of the
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Figure 8: The SXS spectrum of Hea line region. The red curve shows the spectrum expected for the
optically thin case [[8].

iron Hea line is really suppressed in the central region of the Perseus cluster. A radial profile of
w-component suppression out to 5’ (~100 kpc) indicates that its optical depth is T = 2.27 if oy =
0 km s~!. Even if 6, = 150-200 km s~! [[3], 7 can be as large as unity. See [IA] for more detail.

2.2.3 Measurements of temperatures

Prior to the advent of the high resolution spectrometers, such as the grating spectrometers
onboard Chandra and XMM-Newton, plasma temperature of an X-ray-emitting hot plasma had been
measured with a high-energy cutoff of a continuum spectrum. The high resolution spectrometers,
now including the Hitomi’s SXS, enable us to measure plasma temperatures through intensity ratios
of various lines. Since the SXS has better energy resolution above ~2 keV (Fig. @b), and larger
effective area (Fig. Ba) than any other high resolution spectrometer, and is the only non-dispersive
detector which is indispensable characteristic for diffuse X-ray sources, the SXS has been expected
to surely make a breakthrough in the X-ray spectroscopy. The following kinds of the temperature
can be measured through a spectroscopy with the SXS.
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e lonization temperature (77) --- can be measured with an intensity ratio of emission lines
from different ionization states of the same element, such as Hea and Ly of silicon, for
example. This ratio depends upon an electron temperature 7. and the degree of ionization
of the plasma. The latter can be parameterized with so-called the ionization parameter 7.t
where n. is the electron density and ¢ is the elapsed time since the onset of the plasma heating.

e Excitation temperature (7) - - - can be measured with an intensity ratio of emission lines from
different excitation states of the same element in the same ionization state, such as Heor and
Hef (associated with the electron transition n = 3 — 1), for example. This ratio depends
only upon the electron temperature 7.

e lon temperature (o) - - - is a kinetic temperature of an ion and can be measured through an
energy width of any emission line.

In the case if the plasma is in complete thermal equilibrium, 77 = T, = T, for all the elements. In
the case of shock-heated ionizing plasma such as observed in SNR, ;o > T. > 1.

As an example, we show measurement of Ti,, of the central region of the Perseus cluster in
Fig. B[7]. In this chart, the velocity dispersion —which is the ¢ of a Gaussian representing each

212
th

N

o

o
\

best-fit 0, ,=(02+0
best-fit o,

=7.3+5359 keV

- SXVIL
o xvI {;ﬁ Fe XXV Hea z
------ el Ca XIX Hea. Fe XXVILya
,,,,,,,,,,,,,,,, Ca XX Ly Fe XXV Hep

Velocity dispersion (km/s)
g
\

100—

lon mass (amu)
Figure 9: A chart of ion temperature measurement in the central region of the Perseus cluster[I2].

emission line— of sulphur, calcium and iron in various ionization states are shown as a function of
their atomic mass unit (amu). This is a root-mean-square of the width stemming from ion’s thermal
motion and that associated with the turbulent motion described in §2.2.1. Of them, the blue dashed
line is the velocity dispersion of the turbulent motion, which is common among all the elements,
and the green dashed curve is the line width associated with the ion’s thermal motion. The red
solid curve is the root-mean-square of them. The best-fit ion temperature is Tj,, = 7 £ 5 keV, which
is consistent with the electron temperature. Note that we should utilize difference of the thermal
velocities among different elements for measuring the ion temperature. For this to be done, it
is understood from Fig. B that accurate measurements of the velocity dispersions of sulfur and
calcium, in addition to those of iron, are indispensable. This is, however, hampered by the facts
that the calcium lines are intrinsically very weak, and we have lost significant amount of the sulfur
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photons, for lower energy X-rays were attenuated by the beryllium plate attached on the Dewar’s
gate valve, which had still been closed because Hitomi was still in the commissioning phase. The
large errors of the velocity dispersions of sulfur and calcium result in the large error (+5 keV) on
the ion temperature.

Since the cluster hot gas is formed through shock-heating of the cosmic primordial gas at
around the virial radius, accelerated by the cluster’s gravitational potential by the dark matter, the
shocked ions should originally have much greater thermal energy than the electrons by their mass
ratio. If such energy imbalance remains, the cluster should have a lot of “hidden” energy in the
form of ions’ dynamical motion. This could affect the estimation of the dark matter in the universe.
The SXS measurement of Ty, is very important in that such possibility is denied at least for the
central region of the Perseus cluster.

2.2.4 Metal abundance in ICM

Better energy resolution also contribute to enhance sensitivity to weak lines. As a matter of
fact, as shown in Fig. [, the SXS is able to unambiguously detect weak Ko emission lines from
the rare metals, Cr and Mn (Fig. [a), as well as to discriminate Heo triplet of Ni from Hef of
Fe (Fig. Mb). Note that the equivalent widths of Cr-Ka and Mn-Ko lines are only a few eV.
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Figure 10: The SXS spectra of a) Cr-Fe energy range, and b) Ni energy range. The weak K lines from Cr
and Mn are clearly detected. The panel c) shows metal abundances of the Perseus clusters evaluated. The
abundances from Ca to Ni are updated. [[R]

These observations resolved the Ni-overabundance problem[[], and the elemental abundance of
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the Perseus cluster is now revealed to be the same as the solar composition[Pd]. The iron-peak
elements (Cr through Ni) are the products of type Ia SNe. Systematic observations of clusters of
galaxies with various redshift and total mass in the future will make it clear chemical evolution of
the universe with the iron peak elements as a key.

2.2.5 Testing atomic codes

Now that we have a high resolution spectral data of the thin-thermal hot plasma in the Perseus
cluster, we can cross-calibrate so-called the plasma codes []. There are three major plasma
codes: SPEX[I], ATOMDBI[3], and CHIANTI[E]. Among these plasma codes, however, there
still remain some 20% difference even in the well-studied iron and nickel emission regions (6.4-
7.8 keV). The SXS data on the Perseus cluster are of great use in resolving these differences. Refer
to [1I] for more detail about the plasma codes cross-calibration.

2.2.6 Possible 3.5 keV line

It has been pointed out that there exists a possible 3.5 keV emission line in an integrated spec-
trum of 73 clusters of galaxies observed with the XMM-Newton MOS [3]. This claim raised a big
sensation, because it can be interpreted as a decay of the dark matter candidate “sterile neutrino”,
and if so, its mass is estimated to be ~7.1 keV. The SXS, however, does not show any sign of
emission line in the region 3.3-3.7 keV[ld], as shown in Fig. . See [] a little more detail.
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Figure 11: The SXS spectrum of the Perseus cluster Figure 12: An SXS spectrum of a Ka emission
in the band 2.85-4.1 keV[E8]. The thick arrow indi- jine from neutral iron from the Perseus cluster’s cD

cates the location of the 3.5 keV line. galaxy NGC 1275 [IR].

2.2.7 Fe K« line from the cD galaxy NGC 1275

The origin of the narrow iron Ko line (6.40 keV) from an AGN has long been a matter of
debate for a long time. The SXS high resolution spectroscopy showed its potential power to resolve
this issue also in this field. Figure [ shows the SXS spectrum of NGC 1275, the cD galaxy of the
Perseus cluster, in the Fe Ko band 6.1-6.45 keV. The line is weak with an equivalent width of only
~20 eV. Nevertheless, the SXS successfully detected the line at a confidence level of 5.40, and
even measured its width to be 500-1,600 km s~! (FWHM) for the first time. Note that a CCD
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observation can only measure the width >10,000 km s~'. The grating spectrometers can do so for
the width >1,000 km s~! but only for bright sources.

The measured velocity width 500-1,600 km s~! is smaller than that of the broad line region
(BLR) 2,750 km s~![29]. The result therefore has rejected the possibility that the neutral iron
emission line at 6.4 keV emanates from the BLR, or the accretion disk in the case of NGC 1275.
In combination with the image analysis of Chandra data, the authors[ZH] concluded that the line
probably originates from a molecular torus, or a circum-nuclear disk, whose velocity is less than
several hundred km s~!.

2.3 N132D

N132D is a young and O-rich core-collapsed supernova remnant (SNR) that is brightest among
all SNRs in the Large Magellanic Cloud (LMC). Although only 3.7 ksec exposure is retained for
the pointing onto N132D due to insufficient calibration of the attitude control system, we have
obtained in total 17 and 16 counts in the Hea band of iron and sulphur, whose spectra are shown
in Fig. 3 [BO]. We remark that, the bulk velocity of iron, measured from the line central energy,

Vit = 11407810 In s ™1 Fe XXV Hea Viune = 520750 ks S XV Hea

17 counts - r

6.6 2.44

Energy (keV) Energy (keV)

Figure 13: The SXS spectra of N132D in the iron and sulphur Ko line bands. Note that the bulk velocities
of iron and sulphur determined from the line central energy are different[BI].

1, 140fg‘1‘8 km s~ ! relative to the LMC’s rest frame (v = +275 km s~ ') is different from that of
sulphur, which can be regarded as being at rest in the LMC frame. This result implies that the iron
emission originates from the supernova ejecta while sulphur emission comes from ISM material in
LMC, and that the ejecta is highly asymmetric. These results demonstrate that even a very small
number of counts can directly measure velocities of emission lines from extended objects like SNR,
thanks to the high sensitivity of the SXS to the emission lines.

2.4 IGR J16313—-4848

IGR J16313—4848 is a high-mass X-ray binary (HMXB) that suffers extremely strong ab-
sorption with Ny ~ 2 x 10%* cm™2. Similarity of its X-ray spectrum, including a 6.4 keV iron Ko
emission line, suggests this source to be an accreting X-ray pulsar, yet no X-ray pulsation has been
detected. Although the SXS exposure time is unfortunately very small, again due to imperfect at-
titude control like the case of N132D, we still obtained 19 counts in total for an iron Ka 6.4 keV

emission line, which is shown in Fig. 4 [BT]. The line width corresponds to a velocity of 160’:380
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Figure 14: An SXS spectrum of IGR J16313—4848 in the iron Ko band[E].

km s~!, which is the most accurate and smallest width measurement that has ever been achieved.
This, together with the iron K-edge energy measurement made with the SXI, results in the ioniza-
tion state of iron is not more than Fe™ (Fel-1v). From this ionization state, so-called & parameter
(& = Lx/nef?) is confined. This & parameter and Ny (= n/) measured with the SXI and the HXI

3 and

constrain the electron density and the scale of the fluorescing material to be n, >3 x 10'9 cm™
¢ <7x 10" cm. These numbers indicate that the fluorescent iron Ko emission line originates from
a cold stellar wind from the massive companion star. This observation provides strong motivation

of observing similar HMXB systems with the XRISM mission (§3.1).

2.5 Crab and G21.5-0.9

The Crab nebula has been one of the observation standards for X-ray and y-ray flux and time,
and its origin has been believed to be a core-collapsed supernova (SN). It has, however, some
anomalous aspects such as having an uncomfortably small observed ejecta mass 4.6+1.8 M, [B2],

0°° erg [B3], and a maximum velocity of 2,500 km s~! [Bd]. Nomoto et

kinetic energy < 1 x 1
al. [B3] proposed that the Crab nebula was the remnant of an electron-capture supernova, which
is caused by electron capture in the O-Ne-Mg core of an intermediate mass progenitor (8-10M).
To reinforce or deny this idea, it is important to search the nebula for missing ejecta. Assuming
the free expansion velocity of 10* km s~!, typical of the core-collapsed SN, extensive search in
radio, Ha, and X-ray have been made, but without success. The remaining space is the vicinity of
the central pulsar, but very intense radiation from the pulsar from radio to y-ray precludes us from
doing search for the ejecta.

Utilizing an extreme high sensitivity for emission/absorption lines of the SXS, Hitomi made
a spectroscopic search for a hint of ejecta in the vicinity of the Crab pulsar [B8]. Together with
reevaluation of the Chandra and XMM-Newton data, however, Hitomi was not able to detect any
emission/absorption line from the Crab nebula. The obtained upper limit of the ejecta mass is
<1M,,. This result adds a new piece of support for the electron-capture SN picture.

G21.5—0.9 is one of the composite-type supernova remnants (SNRs) whose emission is dom-
inated by a pulsar wind nebula. A blind search for the emission/absorption line detected a couple
of absorption lines at 4.235 keV and 9.296 keV at more than 30 level [B4]. The spectra in these

10
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energy regions are shown in Fig. [3. As can be seen from the spectra, both absorption lines are
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Figure 15: The SXS spectra of G21.5—0.9 in the spectral regions including the absorption lines 4.235 keV
and 9.296 keV. The significance levels are bot 3.650. Black, red, and blue respectively show the background-
unsubtracted spectrum for the screened G21.5—0.9, the unfiltered G21.5—0.9, and the screened Crab data.

detected from G21.5—0.9, whereas no such lines are seen in the Crab spectra. The origin of these
lines are still unclear, although they may be due to absorption by neutron star’s atmosphere.

3. Future missions

3.1 X-Ray Imaging and Spectroscopy Mission: XRISM

Although Hitomi made an extremely high resolution spectroscopy with a non-dispersive de-
tector inorbit for the first time, its life, just one month for the science observations, was too short.
It is, however, clearly demonstrated that there is surely a big discovery space to be explored with
the X-ray calorimeter. Motivated by this fact, JAXA, in collaboration with NASA, have attempted
to retrieve the science with the calorimeter with the recovery mission XRISM, which is the abbre-
viation of X-Ray Imaging and Spectroscopy Mission. Figure [8 shows an outlook of XRISM in
comparison with Hitomi. We have a micro-calorimeter system and a CCD camera. Both will be
made under completely the same design as that of Hiromi. We do not adopt the high-energy instru-
ments HXT/HXI and SGD for reduction of the development cost. We plan to launch XRISM with
JAXA’s H-2A rocket by the end of Japanese fiscal year 2021 (March 2022).

3.2 Focusing On Relativistic universe and Cosmic Evolution: FORCE

FORCE (= Focusing On Relativistic universe and Cosmic Evolution) is the next generation
hard X-ray mission now being planned in Japan in collaboration with NASA’s GSFC. An outlook
of FORCE is shown in Fig. [[A. The science instruments are three identical pairs of an X-ray mirror
and a detector that cover an energy range of 1-79 keV with a focal length of 10 m (or two pairs
with a focal length of 12 m). It is highly difficult to cover the band 1-79 keV with a single detector,
and hence we plan to make a hybrid detector comprising of an SOI (Silicon On Insulator) CMOS,
covering the low energy side, and a CdTe, covering the high energy side. The latter is the same
as that adopted in Hitomi. These sensors are stacked along the X-ray path from the mirror and

11
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Figure 16: An outlook of XRIMS in comparison with that of Hitomi.

Figure 17: An outlook of the future hard X-ray mission FORCE.

embedded in a well of an active shield, aiming at reducing non-X-ray background. The entire
detector system is named WHXI (Wide-band Hybrid X-ray Imager).

The X-ray mirror is a light-weight silicon mirror provided by NASA’s GSFC. A reflector sub-
strate is lumbered from a silicon ingot, and then polished at high mechanical accuracy. After the
polish, Pt/C multilayer is applied onto the concave surface of the substrate to form a reflector sen-
sitive up to 79 keV. The requirement of the angular resolution is 15 arcsec in half-power diameter
(HPD), which is better than that of the HXT onboard Hitomi (1.7 arcmin [B]) and NuSTAR (58 arc-
sec [BR]). A preliminary experiment has verified that the requirement of the HDP is met for a single
shell of the reflector.

The HPD of 15 arcsec is comparable with that of XMM-Newton below 10 keV. FORCE is
expected to carry out a high spatial resolution imaging spectroscopy over 10 keV for the first time.
With such high spatial resolution, we will be able to carry out a lot of new science. The original
main objective of the mission is to complete a census of black holes across cosmic time and mass
scale. They include identifying stellar-mass black holes that are currently missing in the Milky
Way, revealing the nature intermediate-mass black holes, and surveying accreting supermassive
black holes in the universe over the redshift range from 0O to 3. See the document by K. Mori in this
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volume for full detail. FORCE is now planned to be launched in late 2020’s.

4. Summary

Hitomi is the 6th Japanese X-ray astronomy satellite developed in collaboration with US, Eu-
rope, and Canada, and was launched on 2016 Feb 17. Unfortunately, however, Hitomi was lost
on 2016 March 25th, about 1 month from the launch, due to malfunction of the attitude & orbit
control system. Nevertheless, Hitomi produced many new scientific results even within this short
life, owing to extremely high spectral resolution (E/AE = 1,250 at 6 keV) of the non-dispersive
detector SXS (X-ray micro-calorimeter). The observations of the Perseus cluster produce many sci-
entific results: velocity, resonance scattering, temperature, metal abundance, test of atomic codes,
3.5 keV line, and Fe Ko line from the cD galaxy NGC 1275. Of them, the stringent upper limit of
the turbulent pressure, only <7% of the thermal pressure (§2.2.1) and the metal abundance in ICM
consistent to that of the solar vicinity (§2.2.4) are particularly important, and they are published
as the two Nature papers of Hitomi [[[2, [8]. Power of the high resolution spectroscopy even with
small photon counts is demonstrated in N132D and IGR J16318-4848. Emission/absorption line
search was performed in Crab and G21.5—0.9. A result is obtained to support that the Crab nebula
was born from an electron-capture supernova. New absorption line structures are detected from
G21.5-0.9, although their significance (3-40) is not so high.

The XRISM project has been on-going to recover the remaining calorimeter science. Following
XRISM, we started preparing the next generation hard X-ray mission FORCE that aims at recover-
ing the lost science of the HXI onboard Hitomi, but with much better spatial resolution of 15 arcsec
in HPD. They are planned to be launched by the end of March 2022 and late 2020’s, respectively.
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DISCUSSION
JAMES HOWARTH BEAL: When will the FORCE mission approved ?

MANABU ISHIDA: We expect that the approval of FORCE by JAXA as a project is July 2022.
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