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THE SOFT X-RAY 
SPECTROMETER (SXS)

Project Status since SM13 (Mar.2-4)

Project Status since SM13 (Mar.2-4)

!
• array of 36 micro-calorimeter pixels 

(3x3’ FOV) 
!
• cryogenically cooled to 50mK 
!

• spectral resolution of 5eV around Fe-
K line, Gaussian instrumental line 
response 

!
• one of 4 main instruments of Astro-H 

mission



開発体制
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55Fe$Spectrum$obtained$by$the$SXS$onboard$calibra6on$channel.$The$measured$

energy$resolu6on$is$4.6$eV$FWHM$at$6$keV$for$highCres$events$using$the$first$21$

hours$of$onCorbit$data.$The$results$are$consistent$with$the$data$obtained$during$

AstroCH$thermal$vacuum$tes6ng.$The$data$set$has$had$a$small$gain$driJ$correc6on$

applied$and$the$SAA$passages$removed.$The$fit$(green$line)$represents$the$intrinsic$

line$shape$convolved$with$a$best$fit$Gaussian$instrumental$func6on.$

February$23,$2016$

Successful launch on Feb 17th;  
!
6 days later, calibration pixel confirms  
sub-5eV resolution  
!
First light observation of Perseus Cluster  
core the next day!
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230 ks total exposure 
time  
!
centered 1’ NW of the 
AGN 
!
gate valve restricts 
observations to 
above ~3 keV with 
a throughput of 
50% above 5 keV 
!
no contemporaneous 
gain calibration 
(except cal pixel)

THE PERSEUS CLUSTER OBSERVATIONS



Hitomi FWHM 4.9 eV!
CCD FWHM ~150 eV

HITOMI FIRST LIGHT SPECTRUM OF THE PERSEUS CLUSTER

Hitomi collaboration, Nature, 2016
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HITOMI FIRST LIGHT SPECTRUM OF THE PERSEUS CLUSTER
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CHALLENGES FOR STANDARD 
COLLISIONAL IONISATION 

EQUILIBRIUM MODELS



FE XXV HEα IN SPACE AND LAB PLASMAS 

Laboratory plasma
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Hitomi data!
Te ~ 4.1 keV

EBIT data!
Te ~ 4 keV
[Gu+14]

Intracluster plasma

Hitomi collaboration, Nature, 2016



GAUSSIAN FITTING FOR TURBULENCE

Focus on `most relaxed’ outer region. 
!
Power-law continuum with lines 
represented by Gaussians at fixed rest 
energies from theory (H-like Fe) and 
lab measurements (He- and Li-like Fe).

RGS upper limit: 625 km/s

σv=164+/-10 km/s



FIRST DIRECT VELOCITY MEASUREMENTS

line broadening line centroid shift

187±13 !
km/s

164±10 km/s

[cs ~ 950 km/s]

Eturb/Etherm ~ 4% 

Hitomi collaboration, Nature, 2016



LETTER RESEARCH

Extended Data Figure 7 | The SXS field overlaid on the cold gas 
nebulosity surrounding NGC 1275. The image shows Hα emission34.  
The radial velocity along the long northern filament measured from  

CO data21 decreases, south to north (within the SXS field of view), from 
about +50 km s−1 to −65 km s−1. This is similar to the trend seen in the 
SXS velocity map (Extended Data Fig. 6).

The extended nebula surrounding NGC 1275 437

Figure 5. Line-of-sight velocities of the Northern filaments. Purple–blue indicates blueshifted emission, yellow–red indicates redshifted emission, whilst green
has zero velocity relative to the central galaxy. Velocities from slit 1 (bottom side) and slit 2 (top side) which cut across the Northern filament are displayed in
the image but not shown in graph. Background images are from the data of Conselice et al. (2001).

is erratically redshifted. The Northern half (above 37 kpc) is clumpy
on scales of up to 5 kpc in length. Each clump exhibits smooth ve-
locity gradients, although there are velocity discontinuities between
the clumps. It is possible that some of the velocity structure could
be due to the filament twisting as it falls (note the helical nature
of the lower parts of the filament, Fig. 5). The Southern part of
this filament is split into two vertical segments: slit 6 covers only
the Western dimmer segment, whilst slits 1 and 2 slice across both.
The Western segment is very thin and redshifted. The Eastern seg-
ment appears thicker and clumpier. Slit 2 shows that the emission is
blueshifted, whilst slit 1 shows that the very bottom of the Eastern
segment is redshifted.

The kinematic north–south divide indicates the lower part of the
filament is moving in the opposite direction to the upper part of
the filament: the filament is either being stretched or is collapsing,
depending on whether it is orientated toward or away from the ob-
server. Half of this filament must be falling into the galaxy, and
the other half must be flowing away from the galaxy. Thus we can
immediately rule out a model in which the filaments are smoothly
falling onto the galaxy below. The Doppler shifts alone do not enable
us to determine which end of the filament is inflowing or outflowing
since we then need to know the inclination. However, as part of the
filament must be flowing away from the galaxy, there must be a
mechanism for drawing gas away from the galaxy.

We note that the Southern end of the three radial Northern fila-
ments coincides with a shock front seen in the X-ray images (Fabian
et al. 2003). This front is due to the formation of the inner Northern
bubble around the radio source which is a cyclical process taking
place every 107 yr or so (as indicated by the presence of the outer
ghost bubbles). If an expanding shock front destroys the emission-
line filaments, then the lower part of the Northern filaments must
previously have been at a larger radial distance in order to have
survived the shock emitted from the Northwest ghost bubble when

it was forming. Therefore, the lower half of the Northern filament
is probably moving inward, whilst the upper segment is moving
outward, that is, the filament is likely to be stretching.

There is a depression in the thermal pressure just above the North-
ern filament (Fabian et al. 2005), that could be a remnant of a ghost
bubble that has buoyantly risen from the central region. We can now
interpret the filament in the context of the rising bubble models of
Bohringer et al. (1995), Churazov et al. (2001), Fabian et al. (2003)
and Reynolds et al. (2005). The radial filament morphology traces
the primary direction of flow therefore it acts as a streamline. Part
of the filament is flowing away from the galaxy due to the uplift
caused by the ghost bubble’s buoyant rise through the ICM, whilst
the other half has been overcome by the galaxy’s gravity and is now
flowing back. The pull from the bubbles competes with gravity.

For a total filament length of 25 kpc and a range in velocity of
400 km s−1, the dispersion time is 6 × 107 yr; if the filament is at
a small angle from the plane of the sky (as is likely due to its large
projected length) the velocity range may be much larger, reducing
the dispersion time.

5.2 North-west filaments and ‘horseshoe’ feature

To the north-west of the galaxy lies an array of radial filaments,
one of which extends 30 kpc from the nucleus and ends in a curved
loop that Conselice et al. (2001) refer to as the ‘horseshoe’ (detail
in Fig. 4). The loop is positioned underneath a ghost bubble visible
as a prominent depression in the X-ray image (Fabian et al. 2003).

The morphology of these filaments has previously been noted to
resemble the flow underneath an air bubble rising in water (Fabian
et al. 2003). Fig. 6 details the line-of-sight velocities of these fil-
aments. The long radial filament (Western part of the ‘horseshoe’
loop) begins with a redshifted line-of-sight velocity of 95 km s−1

which remains fairly constant for 5 kpc until the line emission shifts

C⃝ 2006 The Authors. Journal compilation C⃝ 2006 RAS, MNRAS 367, 433–448

The extended nebula surrounding NGC 1275 439

Figure 7. Line-of-sight velocities of the tangential filament running along the north-east of NGC 1275. Purple–blue indicates blueshifted emission, yellow–red
is redshifted emission and green has zero velocity relative to the central galaxy. Data from slit 5 is presented in the graph with crosses. Slit 3 also covered some
nearby regions which have been marked by the square symbols. Luminous radial filaments extending from the galaxy to the tangential filament appear at the
bottom right-hand side of the image. The background image is from the data of Conselice et al. (2001).
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Figure 8. Left-hand panel: radial projection of emission linewidths in
km s−1 based on the Hα and [N II] lines. Right-hand panel: linewidth versus
Hα surface brightness. Most points with large linewidths (>200 km s−1) are
within the central few kpc and have large Hα surface brightness suggesting
that they may be overlapping filaments.

we would expect an anticorrelation between linewidths and ra-
dial distance from the nucleus and extremely large (∼500–1000 km
s−1) central linewidths (Heckman et al. 1989). We observe a few
points within 10 kpc that have large (>200 km s−1) linewidths.
It is within 10 kpc of the Galactic Centre that the density of the
line-emitting filaments increases greatly and there are many re-
gions where the spectra display double-peaked lines indicating
that the line of sight crosses at least two clumps of line-emitting
material which have different kinematics. It is not necessary that
these clumps be physically close, therefore they do not imply
small-scale velocity deviations along a single filament as observed
in slit 5. Examples of such regions are shown in Fig. 9, and

Figure 9. Examples of central clumps which show double-peaked line emis-
sion. These regions are all centrally located. HV denotes emission from the
high-velocity system which lies infront of NGC 1275.

were either resolved into two sets of lines or removed from the
data set if the result was ambiguous. However, it is likely that
some of these central regions would have clumps with similar
line-of-sight velocities and result in spectra with a single wide peak.
Most regions with large linewidths also have a large Hα surface
brightness (Fig. 8), therefore it is probable that the spectra from these
inner regions are caused by filaments overlapping in the same line
of sight with slightly different velocities. Beyond the inner 10 kpc,
the linewidths are uniformly two to eight times the thermal width
of gas at 10 000 K. Some radially extending filaments exhibit sim-
ilar linewidths along their whole length (see Fig. 14 in Section 7).
Therefore, the linewidths provide no evidence to suggest the nebula
flows into the galaxy.

C⃝ 2006 The Authors. Journal compilation C⃝ 2006 RAS, MNRAS 367, 433–448

KINEMATICS: X-RAY VS. Hα  EMISSION-LINE NEBULA

Conselice et al. 2001

Hatch et al. 2006



VELOCITY MEASUREMENTS: 
Hitomi (Direct) vs Chandra (Indirect)
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V from X-ray fluctuations
Hitomi V measurement

Hitomi (line broadening) ≈ Chandra (Ix fluctuations)!
[ Turbulence is sufficient to offset radiative cooling? ]
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HITOMI DETECTION OF RESONANT SCATTERING

photons at 6.7 keV:!
absorption+emission

[Gilfanov+1987]



3120 I. Zhuravleva et al.

Figure 9. Simulated spectra from the core (0.5–1.5 arcmin annulus) of the
Perseus Cluster as Astro-H will obtain from 100 ks pointing observation.
We used the whole field of view (2.85 arcmin on a side) with excluded
central chip, where the contribution of the central AGN is dominating the
signal. Points show the ‘observed’ spectra (only statistical uncertainties are
included), while solid curves show model spectra without and with resonant
scattering respectively. Note that 100-ks observation is enough to detect the
resonant scattering signal even if motions of gas are present.

turbulence will be easy to detect. Therefore, analysis of the RS
effect can be done self-consistently with the help of models pre-
sented in this work. We have shown that 100-ks observations will
be enough to make a significant step forward in the RS measure-
ments.
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APPENDIX A: SPHERICALLY SYMMETRIC
M O D E L O F T H E P E R S E U S C L U S T E R

Below we summarize our model of the Perseus Cluster used as an
input to our simulations of spectra with RS (see Fig. 3). The number
electron density (cm−3) radial profile is

ne =

⎡

⎢⎢⎢⎣
4.6 × 10−2

(
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( r

55
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 [Zhuravleva+2013]

Simulations

‣ Velocity diagnostic 
‣ Anisotropy and scale diagnostic

HITOMI DETECTION OF RESONANT SCATTERING



1-temperature plus AGN power law model fit in 6.4-8 keV,  
excluding Fe resonance line and Ni lines 

There is evidence for resonance scattering (low turbulence!),  
but its amount depends on the uncertainties on the atomic data  

— look forward to future paper!

Central region

SPEX 3.0.1 
SPEX 2.6.1 
APEC 3.0.3

Data

HITOMI DETECTION OF RESONANT SCATTERING
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THE HUNT FOR DARK MATTER
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UNIDENTIFIED 3.57 KEV EMISSION LINE

Bulbul et al. 2014
No known atomic transition at this 
energy 
!
Due to the decay of a ~7 keV 
sterile neutrino producing a 
photon with E = ms / 2 ?
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But: signal in the Perseus Cluster 
core alone much higher than 
expected from scaling stacked 
signal assuming DM origin.



HITOMI SPECTRUM OF THE 3.5 KEV REGION

Hitomi collaboration 2016 submitted



20

For the flux measured with CCD 
spectra for the Perseus Cluster 

core: 
broad line excluded at 99% 

confidence 
narrow line excluded at 99.7 % 

confidence 
!

Signal from stacked cluster sample 
too weak to be excluded.

Hitomi collaboration 	
2016 submitted




