Performance Evaluation of
EventDriven SOI Pixel Detector
a4 XRP | Xo6Cosnae 2
MeV Gammaray Observ,at n .

Masaki Hashizume
(Hiroshima Umvers&) 1

Yusuke Suda , Yasushi Fukaz
(Hiroshima University) ,
Takeshi Tsuru (Kyoto University)

AyakiTakeda (University of Miyazaki) =
LA \ ¢



Introduction
MeV gamma ray astronomy
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Electrontracking Compton camera
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Scatter electron can narrow down gamma source location
from a circle to an arc. R
=% We can reduce background ! | %
Pixel detector with a small pixel size are effective. K 2
(Range of €500 um for 300 keV) } '



SOl Pixel Detector

Developed for Xray astronomy

It can selectively read out only the area hit by Xays.

Sensor layer 300 um Pixel size 36 um sg. Number of pixels94 94
-> |t Is expected to measure electron tracks for gamma rays

with the energy of several hundred keV.

Full depletion are possible at room temperature (XRP1X8.5).
FWHM = 1.7 keV @ 59.5 keV , Al

x'r‘:iy r||—ﬂm:,k-ﬂias Valtage (Vi)
( 3 | "
p* ] p type Si substrate
@ (fully depleted)
Si sensor layer i e 1
(300 pm) I |F Ee: %
Buried n-|fmll {BNW)  Buried p-well (BPW) ‘h
1
| |
BOX (Buried Oxide)| J = [==1 r S N r a1
(0.2 prmn) *
circuit layer |, — '
(8 pm) I} \
\ y
e ;i'—||—vw

1 phiel size (36 )

Goal Capture scattered electron tracks with XRPI1X8.5
and evaluate their effect on Compton reconstruction.



The direction of electron track

Top view of Set up
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$ 90~ " To develop an algorithm for determining the initial momentt
direction of electrons, We obtained samples of electron tra
-135~ Sr-90 with a known direction.
B
" Back Bias : 200 V (~ fully depletion)
Detector _ We positioned the radiation source to induce anisotropy
in the beta radui)ation.
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Algorithm to determinate the direction of electrons

1. Charge centroid method
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2. Determine the start point as the point
farthest from the position with the maximum
pulse height (Bragg peak).
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3. Fit three points around the start point
with a straight line.
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There are two peaks.
-135 -> Targeted directior
45 -> Error peak
(start end)



Compton Reconstruction
Set up of Experiment

Top view |
Lead serves to collimate gamma rays,

preventing them from reachin@sidirectly.
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The azimuth angle was set tc
aim at O deg. 0
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trigger signa
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SEABAS is a circuit that receives original signals from XRPIX
and trigger signals from MPPC and synchronizes them.

the digitizer receives the MPPC original signal and the XRPIX

trigger signal.
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1. Selecting Compton event on SEABAS
2. Matching the time of two independent systems




iIme offset determination for Pairing
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Create a Inswindow for the XRPIX trigger signal.

This is shifted in 10 us steps.
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If there is aCsltrigger signal in the
created window, it is considered
a coincidence event.
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Count upthe number of coincidenc
events for each shift and use

the amount of shift at the highest 0 MM\MMMJ\WVW

Co@ts of coincidence
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Result 3 . Scattering Angle : 35 degree

Energy Spectra = ™
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The peak at 662 keV was
identified in the combined
XRPIX an@slenergy spectrum:
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The event rides on a straight liné’;
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Scatter Angle SIS0} Electron track
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The events are distributed around the targeted 35 degcR

The electron track is short and direction determination
IS not possible since the scattering angle is small anc
the deposit energy on XRPIX is small.

-> |Increase the scattering angle.
Next 60 degree>



n . Scatter Angle : 60 degree
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Electron track direction distribution
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Electron tracks in the 0 deg direction,
the targeted azimuthal direction,
were found.

Select events where the electron
track direction is around 0 deg
(- 30 deg)
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