
  Possibility of Electron tracking Compton camera for seeking 
deep universe in MeV gamma-ray band  

 CONTENS        
1.  MeV Gamma-ray Astronomy  
2. Problem of MeV gamma ray observation  
3. Electron Tracking Compton Camera  
4. Performance of SMILE -II (+Polarization measure)  
5. Expected Astrophysics in SMILE -II and III  

balloon experments . 
6.  Summary 

 

Toru Tanimori  
Department of Physics,  Kyoto Univ., Kyoto, Japan  
     

T.Tanimori ,  H.Kubo, K.Miuchi2, J.D.Parker , S.Komura, S.Iwaki , T.Sawano, 
K.Nakamura1, S.Nakamura, Y.Matsuoka, T.Mizumoto 3, Y.Mizumura, M.Oda. S.Sonoda, 
A.Takada, D.Tomono,  
1) Department of Physics, Kyoto University, Kyoto, Japan,  
2) Department of Physics, Kobe University, Japan,  
3 )Research Instit . for Sustainable Humanosphere, Kyoto Univ.  

 07/10/2013 GRB Meeting @ 
Ext Univ.Lab.  



COMPTEL(1-30MeV)  

 Line g 
 Nucleosynthesis  

 SNR :  Galactic plane :        
26Al 60Fe, 511 keV 

Continuum g 
 Strong Gravitational 
Potential                                         
 Cosmic ray Acceleration                                               
Early GRB  
Terrestrial Gamma -ray 
bursts  



G.Weidenspointner, et.al. (2001)  
0 10 -10 [nsec]  -20 

dowward 

upward COMPTEL 

Main reasons of Difficulty  

1.  Huge BG from gammas from Albedo and 
satellite and fast neutrons  

2. Obscurity of imaging by circular direction  

If no background,  a fewx10cm 2 effective area  

  => a few mCrab@106sec   

1. Good angular res.(ARM) = good Energy res.  
2. Redundancies  (TOF, Kinematics, dE/dx                                                 
3. Measurement of electron direction (SPD)!  
4. Low-z material and light weight  
5. Short timing gate  

    V.Schönfelder (2004) Suggestion  
Low background is most important for next 
MeV detector  

Effective Area ~20cm 2@1MeV 



Advanced Compton Camera    

Crab 4s (8hrs) with NLEM meth.  

Ge  strio  with BGO VETO  

FoV 3str  BGO 8str)  

0.3-1.5MeV  Eff.A  6cm2 

Simulation  3800 g  detection 667  g 

B.G. in Crab view~29000 (S/N~0.02)  

Priority:  good energy res.  

   

  

  

M. S. Bandstra  et al. ApJ 2011  

Le Xe TPC   2000   

No VETO  

0.1-10MeV  Expected eff.A 20cm2 

Obs. 1 10MeV  2cm2 

     expected gamma from Crab ~50ph.  

    No. detection  

 priority: Large effective Area large  
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Electron Tracking Compton Camera(ETCC) 

Goal:  High sensitivity for Continuum gammas 

  with > 10~50 better than COMPTEL  

Strong BG rejection & clear imaging are needed 

1. Electron tracking for imaging, 

Kinematics(a)+dE/dx (multi redundancies) 

2. Large  FoV. ~3str 

3. No Veto counters & light weight  

 50cm-cubic 3atm CF4 gas ~110cm2@1MeV 
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All Trigger #  2.3x10 5 (3hours)  
Signal Ý ~420(down going) +500(up)   
Simulation   Ý ~400 (diffuse cosmic)  

Diffuse Cosmic g 

Takda et al.ApJ (2011)  

2006 Sep. 

Sub-MeV g-ray Imaging Loaded -on-balloon Exp. (SMILE -I)     

Event Selection  

Neutron  background  



Noise Rejection of ETCC for BG gamma  
Case 1 : downward gammas (signal)                                
Compton in TPC x   Absorption in Sciniti .(high Z)  

Case2   upward  gammas (dominant in BG)                          
 Absorption in Scinti  (high-Z) >> Compton in Scinti   

   Scinti  (1 Radiation Length)  1/8 (SMILE -I)  

   Scinti  (2 RL)                      ~1/50  

                     Self Veto System !  
Case 3  & Case 4 (two gammas)  

 Rejection by geometrical and kinematical cuts ! 
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Case 1 Case 2 

Case 3 

Remained BG in SMILE-1  20% of real signal (Diffuse Cosmic -gamma) 

Expected remained BG in SMILE -II only a few % of Diffuse Cosmic -gamma  

 Due to improved SPD, ARM and dE/dx  

Case 4 

Ryan, J. M., NewAR, 48, 199 
(2004).  
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Ū Physical process 
Å Recoil e stopping in TPC 
Å Scattered gamma absorbing  

ūReconstruction Inefficiency  
      ~10% in SMILE -I TPC  

Crab Observation  
: ~104s observation  
5ŵ detection  

If Recont. Eff.  -> 100% 

SMILE -II  

(30 cm) 3 TPC    x 20 times of SMILE -I  
 Reconst. Eff.   Ҝ  X 10 
Angular Res.      16o=>5.3o 

Effective area  : 
      1 cm2  
      DARM 10o   

Diffuse gamma  Ҝ point sources  

But SMILE -I=  : 1~2 mm2 

X100times  Improvement  

reconstructed  
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Total weight  300kg  Power   ~350W  
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30cm- cube- ETCC 

Improvement of Tracking in SMILE -II  

Imaging of 3D tracks 
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Imaging in 30cm ETCC 
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 Noise reduction by Energy loss rate dE/dx  
      (dE/ dX) 
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Gamma + Noise 

   Gamma ray Event selection in ETCC  

dE/dX  

dE/dX Cut  Energy Cut  
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Ҝ Continuum fully  gamma events selected by dE/dx cut  

662keV  Gamma 
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