



 


















! 

 


! 

! 

! 







  



   










B26 K. Ueno, A22 S. Kurosawa


2 3

5 10 100

  

  





µ














µ




 


   

µ  

   
 µ 
 µ  



 

GSO 8 8 Pixel 13 mm 6 mm

15 x 15 cm2 Camera
(GSO or LaBr3

+ Multi anode PMT (H8500, HPK))
• Number of pixels: 576
• Pixel size      6 6 13 mm3 (GSO)

6 6 15 or 20 mm3 (LaBr3)
• GSO Energy resolution   :10.0 % (@662keV, FWHM)
• LaBr3 Energy resolution: 6.5%   (@662keV, FWHM)
• Position resolution:  6mm

Black :GSO
Red   : LaBr3



5 cm





 
 


• 
• 
  


•    

  
wide energy dynamic range (300 – 3000 keV) and wide FOV

(SPECT < 300 keV, PET 511 keV)


 


 


 





 
 


Zn-65-Porphyrin imaging (1116 keV)
Porphyrin was accumulated in RGK-36
which is the tumor of rat stomach cancer. 



60cm

180cm







 

2 sources imaging

ETCC for medical use





Scintillator

µTPC

Time : 6 hours



Spatial resolution
 10 mm (FWHM)





• 

• 



• !!!

• !!









  
  






µ

  

 µ
 

  
  

   





 





µµµµ





µµµµ


 





 
 


 







 

 






 


 
   


  



  µµµµ
  µµµµ







  µµµµ
  µµµµ




22
detector

2 )()( lDl +=
l : Drift length
D :  Diffusion Constant



 
)

2
( detector
 =



  

   

   

   


 
 
 
 






µ



 µ

µ





µµµµ



















Lower gas gain





 
 







 


 


 


 
 

 µµµµ µµµµ  µµµµ µµµµ

 µµµµ µµµµ  µµµµ µµµµ









     

     

 

 

Worse than prototype








µµµµ








 

 




ARM : Angular Resolution 
Measure

SPD : 
Scatter Plane Deviation



 
    

       
       

       
       




























 
 




 
 


µ




 
 




• 

 µ
•    

 

• 

 


• 
  
 ° 










 
























































 























































 
 



 

6.1 mm pitch

Using our technique, 
we assembled an 88 array. 

54mm

20mm

(=multi-anode PMT 
H8500 anode pitch)

GSO
array

LaBr3
array

LaBr3 FWHM(%)=
(5.7±0.4) (E/662keV)-0.53±0.01

GSO FWHM(%)=
(10.4±0.3)(E/662keV)-0.51±0.01LaBr3 hygroscopic 

Hermetic package

GSO monolithic
LaBr3 monolithic

133Ba

E/E = 4.1 ±0.1 % 
@ 356 keV (FWHM)



µ

Scattered 
E : energy

Recoil e-

K: energy

Scattering 
angle 



Incident 
 Angular resolution

(ARM) 

Calculated assuming
1, no error in position of

Compton point

2, energy Res.  of TPC
: 30 % @ 22 keVEng. Res. (FWHM) of LaBr3(Ce) : 

~ 3 % @ 662 keV 
Loef et al. (2001)

Doppler broadening (Ar) 
Zoglauer et al. (2003)

A
ng

ul
ar

 re
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lu
tio

n 
(F

W
H

M
) [

de
gr

ee
]

10.5 % 4.2°
7% 3.1°
5% 2.3°
3% 2.1°

Sci. Eng. Res. 
@662keV

ETCC. Angular
Res. @662keV(FWHM)
















































     


    


 


Energy dynamic range : 167 – 1333 keV. 

Measured sources

SPECT PET





Spatial resolution vs. Energy

Goal : Same resolution as human PET @ 511keV












 
 

 
 











Dept. of Bioanalysis, Kyoto University
H. Kimura, H. Amano and H. Saji

 



Zn-65 mouse imaging





















3x3 LaBr3 Install to 
10cm-ETCC

Zn is a good tracer for diabetes



  
 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

  

  

  
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 

 

 
 
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Size: 10 cm x 10 cm
Pixel pitch: 400 µm

~ 65,000 pixels
Gas gain: < ~6,000
(stable operation of 
more than 1 month)

anode cathode

Cu



µ

Gas gain uniformity
RMS ~ 7%

Energy spectrum (55Fe)

E/E 30% @ 5.9 keV

Ar-escape

0       2        4       6        8      10
Energy [keV]

We filled with Ar(90%) + C2H6(10%) gas at 1atm
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Test chart imageTest chart image
Position resolution:
120 µm

AMP-Discri. Board
Based on a chip for 
ATLAS Thin Gap Chamber
0.8V/pC

1 mm





150MeV
proton

200MeV

Depth in Tissue (water) [mm]

Attack on Cancerous cells

proton

Gamma
rays

neutronWater phantom

Simulation study
ETCC :
ability to detect Prompt gamma 
rays as the monitor

Wide energy range (0.1-10 MeV)
Rejection of Neutron 
Wide field of view (~3 str.)

511keV 2.2MeV

Gamma rays
neutron

Simulation 

Monitoring 
Before treatment:

ionization chamber 
After treatment:

PET technique
(PET: positron emission tomography)

Real time : none 






160 MeV Proton

Water 
Phantom

ETCC
(10cm)3 TPC

30cm

Experiment in Osaka Univ. Research Center for Nuclear Physics (RCNP) 

collaborator :
J. Kim
(Research Institute 
and Hospital, 
National Cancer 
Center, Korea)
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
diffuse cosmic  rays atmospheric  rays
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We detected 420 photons (Total)
@0.15-1 MeV, 32-35 km for 4 hours


