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Approach  Si/CdTe Compton camera

Advantage ;

* Semiconductor detectors
Precise gamma tracking (high AX, AE)

* Low-Z (Si) & High-Z (CdTe)

Si : small doppler broadening effect

Good angular resolution (~1°@500 keV)
S Ocomp/ O photo >> 1

Correct sequence reconstruction (>85%)

(Xo,Eo) = without Time of Flight
: CdTe : H|gh Sfopplng Power
ok o (2=48(Cd), 52(Te), p=5.83g/cm3)

High efficiency, Large field of view
Wide energy band, Light weight



Whats a Compton camera ?

Doppler broadening Effect
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Calculation based on

Numerical Hartree-Fock profile :
F. Biggs et al. (1975)

Simplified analytical equation :
D. Brusa et al. (1996)
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What's a Compton camera ?

Doppler broadening Effect
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Whats a Compton camera ?

Angular resolution achieved by a Si/CdTe Compton camera

1,2.5 deg (FWHM)

@ 511 keV
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Practice A prototype camera (2012)

Test system for visualization of radioisotopes in Fukushima

250 um pitch CdTe Double-sided
s’rrlp defec’ror (watanabe et al. 2011)
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* ADC implemented VATA ASIC

Si
X' 2

X 3

32 mm
« 250 um pitch Si-DSSD & CdTe-DSSD

\

CdTe

« Thickness : 0.5 mm (Si), 0.75 mm (CdTe)

J




First demonstration
in Fukushima

Env. radiation level ~ 3 uSv/h
After 60 min exposure

137Cs |
. 662 keV |

]34CS .
795 + 802 keV
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Upgrade High sensitivity Compton camera (2013)

ASTRO-H SGD module 5 cm

‘Silicon sensor j

(Watanabe et al. 2014) <

)/\ 32 lavers

a L

\

" CdTe sensor

e 32 layers of 0.6 mm thick Si Pad

e 8 layers of 0.75 mm thick bottom-CdTe Pad

e 2 layers of 0.75 mm thick side-CdTe Pad

e 3.2 mm pitch pads for Si and CdTe

 Readout channels: 13312 ch / 1 Compton Camera

Bottom : 8 layers
Side : 2 layers

g X 4 direc’riorb

~

[Pro’ro’rype

3.2 cm
< >

~

(Takeda et al 2012))




Upgrade Imaging algorithms

Two important topics in data analysis :

1 Reconstruction of multiple hits event
Gamma-ray energyt Multiple sca’r’rering*
- Si (1 hit) + CdTe (1 hit) : Only 35 % @ 662 keV

* Requirement : Analysis of num. of total hits < 5

2  Significance of hotspots

to distinguish hotspots from image noises —=

Why you can say this is hotspots ...




1 Reconstruction of multiple hits event

Correct order is unknown (no ToF) !!

How to select the most probable sequence.

Which Is probable one ?
KEY : MC simulator (Odaka et al. 2010) Sedquence | Sequence2 |

KEY : Figure of Merits (FoM)
in hits’ ordering

(Ichinohe et al. 2014)
Results :

Efficiency : 2.5 times better

Acceptable reconstruction :
87 7% (0 degree), 84 % (80 degree)

o

~Si(Thit) + CdTe (1hit)
" analysis
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2 Significance of hotspots
Our approach :

Step 1 : Making image with low
systematic error and artifacts.
Back projection image is suitable
to meet this requirement.

Step 2 : Modeling of tail structure, then
calculating uncertainty.

Significance

-1 -0.8 -0.6 -0.4 -0.2

Back projection method
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The prototype fook 5 minutes

iImage 000

-0.8

1908 -06 -04 -0

40 times better efficiency than the prototype
2.8 cps/MBq, 137-Cs 662 ke @ 1m



Release First commercial camera (2013)

Si Pixel detector

Standard
Configuration

J
CdTe Pixel detector < > ¢m >
N | i

! - : CdTe
< |

o -

0.16 cps/MBq
@1m, 137-Cs

Radiation Visualization Camera

-
( cf. Prototype )

| 3.2 cm
O —

@1m, 137-Cs

0.035 cps/MBq

J

A MITSUBISHI
HEAVY INDUSTRIES, LTD.

Enhanced
Configuration

2.8 cps/MBq
@1m, 137-Cs



Energy resolution

EAngular resolution (ARM)

662 keV
AE/JE = 2.2 % (FWHM)

\

5.4 ° (FWMH)

137-Cs
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Demonstration in Fukushima

Tests to visualize a vast expanse of contamination .
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Low-noise 64ch IKEDA ASIC

~
* ChipSize: 7.8 mmx 7.1 mm
* XFAB 0.35 um CMOS
* Strip pitch: 91.2 um
* Pad area: 64 x 90um
* Power rail +1.65V, -1.65V
» 1channel HYD{ESLE AR
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Low-noise 64ch IKEDA ASIC

( KW04D64 )

« RHEHBYA4X: 10mmx10 mm
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Low-noise 64ch IKEDA ASIC

( KW04D64 )
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Compton camera Oriented Trigger system
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Compton camera Oriented Trigger system
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