
A portable Si/CdTe Compton camera 
and its applications to visualization 

of radioactive substances
Shin’ichiro Takeda (ISAS/JAXA)

Atsushi Harayama,

Yoto ichinohe, 

Tadayuki Takahashi, 

Shin Watanabe 

(ISAS/JAXA)

Hiroyasu Tajima 

(Nagoya University)

Kei Genba, 

Daisuke Matsuura, 

Hiroshi Ikebuchi, 

Yoshikatsu Kuroda

Tetsuya Tomonaka

 (Mitsubishi Heavy Industry)

ASTROCAM7000HS

134/137-Cs (Bq/m2)



Introduction
Imagine ....

The field contaminated by radioactive materials (137/134Cs) 
with an average intensity of a few 100 kBq/m2 (a few µSv/h). 

A couple of hotspots per about 10x10 m2 region, which 
contains several times lager intensity than the average. 

Things that we can do to help the decontamination by 
using a gamma-ray imaging system.

>30 µSv/h

>13 µSv/h

Env. Rad. Level ~ 5 µSv/h Env. Rad. Level ~ 2 µSv/h

Urgent problem
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Si/CdTe Compton camera
Advantage ;

・Collimator-less imaging
High efficiency, Large field of view

Wide energy band, Light weight

(Takahashi et al. 2003)

・Semiconductor detectors
Precise gamma tracking (high ∆X, ∆E)

・Low-Z (Si) & High-Z (CdTe)
Si : small doppler broadening effect

Good angular resolution (～1˚@500 keV)

CdTe : High stopping power
(Z=48(Cd), 52(Te), ρ=5.83g/cm3)

Si : σcomp/σphoto >> 1
Correct sequence reconstruction (>85%) 
without Time of Flight

Approach



 

 

Test system for visualization of radioisotopes in Fukushima
A prototype camera (2012)

Si 

x 2 

CdTe 

x 3 

4 
m
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32 mm
250 µm pitch Si-DSSD & CdTe-DSSD・

・Thickness : 0.5 mm (Si), 0.75 mm (CdTe)
・ADC implemented VATA ASIC

Practice

250 µm pitch CdTe Double-sided 
strip detector (watanabe et al. 2011)
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First demonstration 

in Fukushima

134Cs

137Cs

134Cs

662 keV

795 + 802 keV

605 keV569 keV
134Cs

Energy [keV]

180x180 degree

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

40x40 degree

30 µSv/h



High sensitivity Compton camera (2013)

!
• 32 layers of 0.6 mm thick Si Pad

• 8 layers of 0.75 mm thick bottom-CdTe Pad

• 2 layers of 0.75 mm thick side-CdTe Pad

• 3.2 mm pitch pads for Si and CdTe

• Readout channels: 13312 ch / 1 Compton Camera

12 cm
12 cm

12 cm

Silicon sensor
5 cm

CdTe sensor

32 layers

Bottom :  8 layers

Side : 2 layers 

        x 4 direction

3.2 cm
Prototype 

Upgrade

Very

Compact 

ASTRO-H SGD module
　

(Takeda et al 2012)

(Watanabe et al. 2014)



Two important topics in data analysis :

1

hit

hit

hit

Reconstruction of multiple hits event

2 Significance of hotspots

Gamma-ray energy  , Multiple scattering 

Si (1 hit) + CdTe (1 hit) : Only 35 % @ 662 keV・
Requirement : Analysis of num. of total hits ≤ 5 ・

to distinguish hotspots from image noises
Why you can say this is hotspots ….

Upgrade Imaging algorithms 



1

Si (1hit) + CdTe (1hit) 
analysis

Multi hit analysis

Results : 

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

80 degree

Efficiency : 2.5 times better

0 degree

KEY :

(Ichinohe et al. 2014)

Reconstruction of multiple hits event
Correct order is unknown (no ToF) !!
How to select the most probable sequence.

[φl t]

1

2 1

2

DSSD

CdTe

Sequence 1 Sequence 2

[φl t]

Figure of Merits (FoM) 

in hits’ ordering

KEY : MC simulator (Odaka et al. 2010)
Which is probable one ? 



2 Significance of hotspots

Back projection

Estimated

tail structure

Uncertainty 

Step 1 :

Compton 
cones

Back projection method Back projection image

Significance

[s
ig

m
a]

Modeling of tail structure, then 
calculating uncertainty. 

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

Step 2 : 

Our approach : 



137-Cs, 2.7MBq @ 1m
10 sec !!

The prototype took 5 minutes

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



First commercial camera (2013)

Standard 

Configuration

Enhanced 
Configuration

Si
CdTe

0.16 cps/MBq

@1m, 137-Cs

2.8 cps/MBq

@1m, 137-Cs

Release

3.2 cm
( cf. Prototype )

0.035 cps/MBq

@1m, 137-Cs

5 cm
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Radiation Visualization Camera
! Overview ! Specifications

Dimensions 445L x 340W x 235H (mm)

View Angle
180 degrees (ultra-wide)
<detection efficiency depending on 
angular positions>

Weight 
Approximately 8 䡚 13kg
(Camera Unit Only) 
< depending on specifications>

Power Source AC100V䡚240V and Battery

Operating 
Temperature 0 to 40 degrees Celsius

Storage 
Temperature 0 to 50 degrees Celsius 

Operating 
Humidity

35 to 80%
(Non-condensing)

Auxiliaries
Camera Controller Box,
Laptop PC, 
Visualization Software

! Commercial Model ! Field Test Example
Detected Radioactive Spots

*JAXA: Japan Aerospace Exploration Agency
*ISAS: Institute of Space and Astronautical Science 
*ASTRO-H: X-ray observation satellite that will explore the extreme universe. 

All specifications may be changed without notice

ᵹᵐᵎᵏᵑᴾᵟᶎᶐᶇᶊᴾᶔᶃᶐᶑᶇᶍᶌᵻ

ᵰᵿᶂᶇᶍᵿᶁᶒᶇᶔᶃ ᶇPᶋᵿᶅᶃᴾᶓᶑᶇᶌᶅᴾᶓᶊᶒᶐᵿᵋᶕᶇᶂᶃᴾ
ᵡᶍᶋᶎᶒᶍᶌᴾᶁᵿᶋᶃᶐᵿ ίᵡᶍᶓᶐᶒᶃᶑᶗᴾᶍᶄᴾᵨᵟᵶᵟὸ

! Laboratory Test Example
(using commercial model)

ᵟᶌᴾᶃᶖᵿᶋᶎᶊᶃᴾᶍᶄᴾ
ᶑᶇᶋᶓᶊᶒᵿᶌᶃᶍᶓᶑᴾᶔᶇᶑᶓᵿᶊᶇᶘᵿᶒᶇᶍᶌᴾ
ᶍᶄᴾᶋᶓᶊᶒᶇᶎᶊᶃᴾᶐᵿᶂᶇᶍᵿᶁᶒᶇᶔᶃᴾᶑᶓᶀᶑᶒᵿᶌᶁᶃᶑ

ᵡᵿᶋᶃᶐᵿᴾᵳᶌᶇᶒ

ISAS/JAXA* and Mitsubishi Heavy Industries have 
developed a camera using cutting-edge, high-
resolution radioactive sensor technology developed 
for the ASTRO-H* satellite. 

A visible light image is overlapped with a radioactive 
image into one display.

"Visualization of  radiation distribution

"High direction resolution

"Capability of measuring radioactive 
energy bands 

"Identification of radioactive materials
The system is capable of measuring the energy 
bands of Sodium22, Cobalt60,
Iodine131,Barium133, Cesium134, Cesium137
and others.

ᵠᵿᵋᵏᵑᵑ ᵬᵿᵋᵐᵐ
ᵡᶑᵋᵏᵑᵕᵠᵿᵋᵏᵑᵑ

ᵬᵿᵋᵐᵐ

ᵡᶑᵋᵏᵑᵕ

CdTe Pixel detector

Si Pixel detector

5 cm



Field of view

Incident angle [degree]

Field of view

5.4 ° (FWMH)

137-Cs

ΔE/E = 2.2 % (FWHM)
662 keV

Angular resolution (ARM) Energy resolution
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Operation Status

Spectrum

Count Rate

Mode

Nuclide 

137-Cs 

133-Ba
22-Na



Demonstration in Fukushima

After decontamination Before decontamination 

Inside the 20 km zone 

from the nuclear plant 
30 min exposure

(2013.6.21) (2014.1.21)

・

・



Demonstration in Fukushima
Tests to visualize a vast expanse of contamination

C.C.

HotspotsBucket car 

>20
 m 

Enhancing the merit of Compton imaging

(large field of view)

C.C. altitude     imaging area



Summary
(1) The first commercial Si/CdTe 
Compton camera, ASTROCAM,  
was released. 
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Merci Beaucuop

(2) ASTROCAM is available 
for hotspot detection and the 
evaluation of decontamination.

(3) Tests for medical imaging 
are also ongoing.

thyroid 

adrenal

skull

spine

lumbar femurgenitals 

Results by old prototype (Takeda et al. 2012) 



Back up slides



Challenge
If possible, we can provide source intensity (Bq).  

One possibility : Use parallax of 2 camera positions

source 2source 1
(137-Cs) (137-Cs) ASTROCAM

One should locate 3-D position of the hotspots.

Example :

Distance to the hotspots

Experiment

Setup

Shift

Pos. A

Pos. B

Pos. A Pos. B
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Pos. A image Pos. B image

Overlapped Separated 

0 20 40 60 80 [deg]-20-40-60-80 0 20 40 60 80 [deg]-20-40-60-80
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Pos. B image

・Detected

   positions

Sources intensity
Source 1 : Source 2

       = 1 : 0.94

+20 %

Future : Bq/cm2 mapping
(answer  1 : 1) 

Distance to the hidden 
Source 1 is measured. Its 
distance is 288 cm.

・FoV data

(answer 300cm) 

Source 2
Source 1

triangulation

・Image

   intensity



 = 80 deg  = 60 deg  = 40 deg  = 20 deg

FOV measurement

Large FVO corresponding to 2π, Angular resolution 3.8 deg

Compton camera

730 mm
inclination angleѮ

137-Cs (662 keV)

Only 20 % down 
@ 80 deg



 

133-Ba
137-Cs

22-Na

Visualization 

Good Energy resolution 

     (2.2 % @ 662 keV)

Multi isotope imaging



3D Imaging
Stereoscopic Observation of Mouse

Yamaguchi et al (2009)
Suzuki et al (2013)

（ISAS/JAXA, Gunma U.,JAEA）

23

Radiology. 2013 Jun;267(3):941-7.  
doi: 10.1148/radiol.13121194. Epub 2013 Feb 15.



Hotspot detection sensitivity
Simulation: 3-sigma detection sensitivity 


(Standard model; Si:8layers, CdTe:4layers)

Obs. 30
 min.

Obs. 90
 min.

Obs. 15
0 min.

Ho
ts

po
t 

Ra
te

 o
f 
AS

TR
O
CA

M
 

[c
ps

@
66

2k
eV

]

Background Rate of ASTROCAM [cps@662keV]

Naraha village Tomioka Town

Verification in 0.2-2.0 µSv/h area is very important since the 
decontamination is now proceeding for inhabitants’ return in near future.

(Env. Rad. Level 

~0.3 µSv/h)

(Env. Rad. Level 

1.5-2.0 µSv/h)



Verification 

in Naraha village

Env. Rad. Level ~ 0.3 µSv/h

ASTROCAMParasol

137Cs point source

(2.7MBq)

5.2 m

Point source (2.7MBq, 5.2 m)

1.5 x 10-2 cps @ 662 keV

Rate of ASTROCAM・

・

Expected, around 90 min.

Exposure time for 3-sigma 
detection

Simulation: 3-sigma detection sensitivity


Obs. 30
 min.

Obs. 90
 min.

Obs. 15
0 min.Ho

ts
po

t 
Ra

te
 

[c
ps

@
66

2k
eV

]

Background Rate 
[cps@662keV]

Naraha village (~0.3 µSv/h)
10-2 

Inside the 20 km zone 

from the nuclear plant 

・

・

A little rise of 

0.01 µSv/h at ASTROCAM

Env. Rad. Level・



Exposure 60 min. Exposure 90 min.



Exposure 60 min. Exposure 90 min.

3-sigma detection.None detection

Weak hotspot that gives ASTROCAM a little rise of Env. Rad. Level of 
0.01 µSv/h is detectable. In Naraha village (0.3µSv/h), exposure time is 
around 90 min, well agrees with the simulation.

・

・With verified sensitivity curve, hotspots’ upper limit was calculated.

Hotspots’ upper limit

 (~0.015 µSv/h at ASTROCAM)

Exposure time can be shortened to 1/16 by the enhanced model of 
ASTROCAM.

・



Angular resolution achieved by a Si/CdTe Compton camera

What’s a Compton camera ?

2.5 deg (FWHM) 
@ 511 keV



Factors of angular uncertainty (Takeda PhD chap 3.4)  
What’s a Compton camera ?

Incomplete measurement by real detectors

Finite position resolution (∆X)

・

・Momentum of binding electrons

Finite energy resolution (∆E)

・

・

(Doppler Broadening Effect)

Uncertainty in photon’s scatting direction

Uncertainty in photon’s scatting angle (θ)

・

Depend on materials in the scatting part ・

Depend on energy of incident gamma-ray 

Energy DBE Angular resolution 

Atomic number(Z) Angular resolution DBE



What’s a Compton camera ?

Doppler broadening Effect

θ

Scattering angle

Numerical Hartree-Fock profile : 

                  F. Biggs et al. (1975)

Simplified analytical equation : 

                  D. Brusa et al. (1996)

Calculation based on 

Ein
Escat



What’s a Compton camera ?

Doppler broadening Effect


