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Geant4-related Hitomi scientific activities are introduced.
“Scientific”?—Detector response, background or astrophysical simulations©

1. Hitomi introduction

2. Detector science—responses and backgrounds
* Background simulation of SXS
background simulation, including activation
* GRB localization by SGD
* Polarimetry performance of Si/CdTe Compton camera
* X-ray polarization detection from Crab nebula by SGD

3. Astrophysical application
* Resonance scatter in Perseus cluster core
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Hitomi introduction
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* 6th Japanese X-ray astronomy satellite
(a.k.a., ASTRO-H)

e 1.7t mass, 14m length

e LEO of 550 km altitude, ~30 deg inclination
angle

e Launched on 2016-02-17

e Lost due to attitude control accident on
2016-03-26

 All the detectors worked as expected
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Hitomi Detectors

Four kinds of detectors:

SXS: X-ray micro calorimeter, with a few
hundred kg aluminum alloy

HXI: Si-strip and CdTe-pixel cameras for >
10 keV band, also sensitive for
activation and atmospheric neutron
backgrounds

SGD: Compton kinematics telescopes with
BGO active shields for a few hundred
keV band

Different photon detection mechanism,
complicated structure and sensitivity
for background radiation

-> MC simulation is essential
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" " Soft X-ray Telescope (SXT-S)
Hitom L/ Soft X-ray Telescope (SXT-I)
(ASTRO-H) @@ llari X-ray Telescope (H) x 2

Extendable
Optical Bench
(EOB)

SoftX-ray Imager (SXD),

Soit X-ray Spectrometer (SXS)
Soft Gamma-ray Detector (SGD) x 2
Hard X-ray Imager (HXD x 2

Hitomi-related Geant4 activities (Masanobu Ozaki & Valentina Fioretti) 4



apan Aerospace
tion Agency

Detector science—responses and backgrou‘r;ﬁjé‘m
* Background simulation of SXS

* HXI background simulation, including activation

* GRB localization by SGD

 X-ray polarization detection from Crab nebula by SGD
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Background simulation of SXS
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Fioretti+ (2018) simulated the BGDs using Geant4

(from the poster at “Exploring the Hot and Energe2c Universe: 2° ATHENA Science
Conference”, 24 —27/09/2018, Palermo, Italy)

2. Geant4 Mass model The Geant4 mass model of the SXS system has been

obtained by updating the JAXA HITOMI mass model with

the detailed design provided by the NASA/GSFC CAD model
of detector and aperture assembly.

HITOMI

T

SXS old model SXS current mode
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Background simulation of SXS (cont’d)
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Fioretti+ (2018) simulated the BGDs using Geant4

5. Non X-ray Background: Simulation vs in-flight data
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with high accuracy;
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* we found no influence of SAA low
energy electrons - not simulated - on
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* albedo particles and photons contribute
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HXI background simulation
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By courtesy of H.Odaka (RIKEN)

* Focusing imager of hard X-rays covering 5—-80 keV
* The focal plane detector consisted of stacked double-sided strip detectors of
Si and CdTe.

* High sensitivity thanks to thorough background rejection design using anti-
coincidence and focusing with the Hard X-ray optics.

BGO

65 cm
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HXI background simulation (cont’d)
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By courtesy of H.Odaka (RIKEN)
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HXI background simulation (cont’d)

CdTe activation + BGO activation + CXB + ¢
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background simulation (cont’d)
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The Geant4 BGD simulation results: H.Odaka+ (2018)
doi: 10.1016/j.nima.2018.02.071

e CdTe sensor:
* radioactivation of the CdTe itself and the surrounding BGO active shields

* leakage of photons (CXB and Earth’s albedo gamma rays) through openings of the
detector shields

* Si sensors:
* insignificantly suffer from the activation
* significant impacts from atmospheric neutrons
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GRB localization by SGD

G4-based efficiency database of active shields:

Zenith angle ©

Horizontal
angle ¢

) =
: ®
3 g

Detection efficiency database of 25 BGO units (SGD1)
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GRB localization by SGD (cont’d)
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Succeeded in position localization, by Hitomi alone. By courtesy of M.Ohno (Hiroshima-U)
Proceedings available.
. . Localized detection of other detectors
(@B: fitting method result SIS S A R
Chi2 map " z R \‘*-\ Localized by |
180 -t E’L"‘ﬁm 02| - S this method
60 RMS 16.58 E -400 [— ‘\\Hz\d b \({/ 900/ conf)—
D Z r localizedby M/ ILY 2 N
-500 +— N \.\ _2':
o 0oL NN Cx
m - "Z‘.Z‘.Z‘I.”IZ‘Z‘.ZZ.ZZZZ"‘\\"“-\‘
c o0 , -600 [— S =
© I ! | | | ECLIP. ! |
i e T BN - - e E— oS 4 3 2 1 24 23 2z 21
y cra RIGHT ASCENSION
T © Fitting result . .
Q The result is roughly consistent

with the detection localized by IPN
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result (68% confidence level error): simulation 100 times. As a result,

(D, 0)=(46.9°(+2.7,-2.0), 42.5°(+5.9,-2.6)) |it was about 10 degrees.
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http://maxi.riken.jp/conf/sevenyears/pdf/P_12.pdf

IA_MA

Polarimetry performance of Si/CdTe Compton c‘a}m(?rra

SGD can detect the gamma-ray polarization:
* Detection efficiency was modeled by Geant4 simulation.
* G4 model was tuned by beam-line calibration.
* Details are found in Katsuta+ 2016 (doi: 10.1016/j.nima.2016.09.057).

Side CdTe Si detector

\

detector

\

Bottom CdTe detector
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X-ray polarization detection from Crab nebula by[S/é[sm
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Using the polarization response, Watanabe+ 2018 (doi: 10.1093/pasj/psy118)
succeeded in detecting the X-ray polarization from Crab nebula.
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Fig. 17. Modulation curve of the Crab nebula observed with SGD. The
data points show the ratio of the background-subtracted observation

data to the unpolarized simulation data. The error bar size indicates Fig. 18. Polarization angle of the gamma-rays from the Crab nebula
their statistical errors. The red curve shows the sine curve function determined by SGD. The direction of the polarization angle is drawn on
substituting the estimated parameters by the log-likelihood fitting. the X-ray image of Crab with Chandra.
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Element
Abundances

Astrophysical Simulation
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* X-ray spectrum from Perseus cluster was computed based on Geant4

Density

Temperature

simulation and used for Hitomi data analysis (Hitomi collaboration 2018,
dOi: 101093/paS|/pSX127) By courtesy of M.Ohno (Hiroshima-U)
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https://doi.org/10.1093/pasj/psx127

Conclusion
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Hitomi worked only one month, but the team is still generating outputs,
with helps by Geant4.

Thank you very much for listening!
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