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Zalb—459—0DT7L—LT7—7
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Input parameter
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X-RAY OBSERVATORY
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S Input parameter
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FISTRD H

s’

Input parameter
(2)TRILF—fERE. TXRILF—BIE. ULELME

15.9.11

137Cs 662 keV A2 LA : SGD2 (25 BGO units)
(Background subtracted)
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Input parameter
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X-RAY OBSERVATORY
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X-RAY OBSERVATORY
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X-RAY OBSERVATORY

ASTRO-H

be launched in the end of JFY 2015 with an H-Il A rocket.

Scientific instruments

s»Soft X-ray Spectrometer (SXS)
Soft X-ray telescope + X-ray calolimetor
“»*Soft X-ray Imager (SXI)
Soft X-ray telescope + CCD
“*Hard X-ray Imager (HXI)
Hard X-ray telescope + hard X-ray imager

»Soft Gamma-ray Detector (SGD)
Narrow field-of-view Compton camera

A

10000| Hard X-ray Imager (HXI Soft Gamma-ray Detector (SGD)

0| (NN Soft X-ray Imager (SXI)
1 — Soft X-ray Spectrometer QXS)

0.1 1 10 100 Energy (keV)

FR 2015 EFEEFR 15

Total length : 14 m
Weight 2.7t

Largest scale satellite for Japan
15.9.11

ﬁ Energy resolution (eV)
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X-RAY OBSERYATORY
ASTRO-H

BGO Active Shields for HXI/SGD

\ " Hard X-ray Imager (HXI) OK| Soft Gamma-ray Detector (SGD)
NG [T &l &
The main detector of
g:; (:;(I{:sfz:r:?s) talk The main detector of
9 Al \| SGD (Multi-layer Si-CdTe
ol Compton Camera)

L/

15.9.11

The most sensitive observation in high energy band
5-80 keV : Hard X-ray Imager (HXI)
50-600 keV : Soft Gamma-ray Detector (SGD)

Reducing background is one of important issue

Large/thick Bi,Ge;0,, crystal scintillators surround the main
detectors of HXI/SGD =» BGO active shields

KX FEE 2015 NEES
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Gamma-ray response with
Monte-Carlo approach

There are many large, thick and various types of shape of BGO crystals
= multiple Compton scattering in complicate detector shape

v

Geant4-based Monte-Carlo approach is useful to calculate
the gamma-ray response of BGO active shields

Gamma-ray response specific to the BGO active shield should be implemented
« Light correction efficiency depending on the photon interaction position.

» Temperature dependency of BGO light yield and APD gain.

« trigger efficiency around threshold due to noise jitter.

We have to develop the framework of the simulator and verify it
using various calibration results.

15.9.11 KXF4 2015 NEFES 17



X-RAY OBSERVATORY

ASTRO-H

—_—

Input parameter

(2) Energy resolution and gain curve

Example of various RI spectra of HXI (9 BGO units)

HB1(side)

ACC ch

” HD2(top)

10
= 500 1000 1500 2000 2500 30C0 3500 &0C0
ACC ch

0

(Background-included)
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0 X
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HD4(top)

Courrals

BGD , '37Cs
22Na 57Co

KX FEE 2015 NEES
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. Input parameter

X-RAY OBSERVATORY

ASTRO-H i '
'y (2) Energy resolution and gain curve

Example of various resulting gain curve and energy resolution
for a unit of HXI

Gain curve Sigma
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- 200 400 600 800 1000 1200 1400 S 200 400 600 800 1000 1200 1400
Energy (keV) Energy (keV)

Such gain curve and energy resolution are obtained for all BGO units of HXI/SGD

15.9.11 AXEE 2015 EES 19



Input parameter
(2) Energy threshold

15.9.11

Using background measurement data, we can evaluate the
energy threshold for all BGO units of HXI| and SGD

9 _
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5 8 SGD
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(@) C
o
o -
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41—
3
21— —
1:— ’Ji
O:I 1 | | 1 1 | | | | | 1 l | l l 1 | 1 1 1 | 1 1 1 |
0 50 100 150 200 250 300

Energy (keV)
These threshold value are also implemented to the simulator

KXEFE 2015 NEFE
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Angular response

—_—

SGD shield can be used as the all-sky monitor
Gamma-ray response depending on the incident
photon direction should be reproduced by

our simulator

Measurement has been performed by irradiation
of 22Na at room temperature
(we can only see 1275 keV photo-peak)

Histogram_4096_ch01

W" | c1-201(CC1 +2)

w

N
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N

Move 22Na RI source to various
positions (15degree/step)

N
&)

—_

1275 keV photo-peak area count
at each Rl position is measured
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“*Na 1274 keV photopeak events (Hz)

RI position and 22Na p

hotopeak area
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» We can see simple angular response for almost incident position
 But there are some unexpected count increases (phi=150, phi=200).
» These angular response is also checked by our simulator

15.9.11

100 150

Angle (degree)

200

KX FEE 2015 NEES
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Verification of the simulator

X-RAY OBSERVATORY

ASTRO-H

-

(simple case: SGD)
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7

raoseszy) Blue: experiment
Black : simulation

Simulation spectra well réproduce gain and energy resolution, but Compton
scattering component is not enough obviously. Surrounding structures also

should be included to verify our simulator.
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Verification of the simulator

X-RAY OBSERVATORY

ASTRO-H

e (simple case: SGD)

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

PR Blue: experiment
Black : simulation
Simulation spectra well reproduce gain and energy resolution, but Compton

scattering component is not enough obviously. Surrounding structures also

should be included to verify our simulator.
15.9.11 RIXESR 2015 MEESR 24
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X-RAY OBSERVATORY

ASTRO-H

-

(simple case: SGD)

Verification of the simulator

Experimental room,
Thermal Chamber,
Housing structure ..etc
Added to the geometry
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We have successfully reproduce the experimental spectra including Compton
scattering component.

=>» our simulator works well for the simple case
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X-RAY OBSERVATORY

ASTRO-H

-

Verification of the simulator
(simple case: SGD)

hist08

Experimental room,
Thermal Chamber, [

Housing structure ..etc
Added to the geometry

m_J Blue: experiment
[ Black : simulation

We have successfully reproduce the experimental spectra including Compton

scattering component.
=» confirm that our simulator works well for the simple case



Verification of the simulator
(angular response: SGD)

ASTRO-H

—_—
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Data points: experiment
\ Solid lines: simulation
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“®Na 1275 keV photopeak counts (arbitrary unit)
)
I

Q

1 1 1 1 1 1 1 1 1 1 [ 1
50 100 150 200
Angle (degree)

250 300

Overall structure including unexpected increase of counts around

Phi=150, and phi=200 degree can be reproduced.

Fine tuning of the geometry may be required for further comparison.
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X-RAY OBSERVATORY

ASTRO-H

-

Input parameter
(3) trigger efficiency around threshold

15.9.11

* Trigger generation timing could be changed for the low-pulse
height around the threshold due to noise “jitter”.

» The anti-coincidence latch efficiency of the main detector
decreases at a certain rate in such low-level signals.

» We have to consider this effect to reproduce the background
rejection function more accurately.

> I L

S -

@ s

& n Enough large signal, _ . _

@ All the anti-coincidence signal 1 We implement this effect
S .09t is completely latched - as the probability function
© % h : in the trigger generation
g3 ! module.

S ©os | -

GJ -o) \ 1

© C) i

g '© Hatched region shows ]

Q € o7l around the energy threshold 7

L 2 of active shield

c =

< o 0.6 11nN I RS S SR |

0 1 2 3 4

Signal pulse height
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