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G.Weidenspointner, et.al. (A&A, 2001)  
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Electron Tracking Compton Camera(ETCC) 

1. Determination of the direction of each 

gamma ray 

2. Noise Reduction by Kinematics(a) 

3. Large  FoV. ~3str 

4. For All Sky MeV-g Survey with >10 
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Simulated Efficiency for 50cm cube TPC   

50cm cubic Xe or CF4)2atm   0.5% eff.           
13 cm2 @1MeV, 50cm2@0.5MeV 

COMPTEL(2mx3m) 
~13cm2@1MeV 

 1str @1MeV  FOV 3str(FWHM)@1MeV 

1~20MeV 

B.G. cut ; Directional & Kinetic,   

 Particle Identification (e, p n)  

TOF 

Energy Band  0.1~100MeV  (e+ e- 
tracking >20MeV)  

Compton probability (50cm thick)  



10cm-cube m-TPC & ETCC 

Imaging of 3D tracks  
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segmented GEM (8 segments) 

to reduce capacitance and thus damage 

caused by discharge 

23 cm x28cm size 

Electorns ( ~2 in one pixel)bare amplified by the GEM and  the 

ɛ-PIC with a gain of >2x104 



Position Resolution  

Present 
Position  Res. 

Improvement of Scintillator 
GSO- > LaBr3 131I (364keV) 

3cm  
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30cm TPC (Ar   1atm) 

 GSO 10%,  LaBr3  3%@662keV 
with Doppler broadening  

Angular 

Res. 

Observed 

(degree) 

Angular 

Res. 

ȹE/E ȹX/X Doppler 

Estimation  

degree 

GSO 5o.0  0.2     5o.2 4o.3 2o.8 0o.9 

LaBr3 
4o.2  0.3 4o.3 2o.7 3o.2 0o.9 

Due to Error of 
Compton Scattering 
Point in TPC 

simulation  

99mTc  
511keV 

Preliminary  



 ETCC for Molecular Imaging  
based on first balloon detector technology  
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(I -131-MIBG)  
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Mobile ETCC for small and middle animals  

364keV panel phantom 
    

10cm 
20cm 

  Uniformity  11% (1s) 
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Energy dynamic range : 167 ð 1333 keV .  

ETCC F18-FDG Zn-65-
Porphyrin  

SPECT PET 

Variety of RI applications in ETCC  
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On-time imaging approach for beam therapy   

511keVǿ 800 -2000keVǿ 

Bragg Peak  

800 -2000 keV  

Energy Spectrum  

511keV  

800 - 2000keV  

511keV  

800 - 2000keV  

First Imaging at Beam - on ! 
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10cm cube camera @ Japan (Sep. 1st 2006)

30cm cube camera with Domestic balloon @Japan

ÅObservation of diffuse cosmic/atmospheric g

~400 photons during 3 hours  (100 keV~1MeV)

Observation of Crab/Crg X -1 + 

40cm cube camra with long duration observation

50cm or 1m cube camera with satellite

Galactic survy & Gamma-Ray Burst Detection

All sky survey, detection of highest -z GRB 

@Kiruna
REP-g

All Trigger #  2.3x10 5 (3hours)  
Signal Ý ~420(down going) +500(up)   
Simulation   Ý ~400 (diffuse cosmic)  

Event Selection  

Diffuse Cosmic g Atmospheric g 

Takda et al., ApJ (2011)  

2006 Sep. SMILE Road Map 



Good Particle ID using dE/dx  

We can clearly separate  Stopping e in TPC, Minimum 
ionizing particle  & Neutron  

Only Gamma-Compton events in TPC  remained ! 

  

 

Calibration by 137 -Cs 



Atmospheric gamma  
Cosmic gamma 
Background gamma 
Total  

Dependence of gamma-ray 
flux on Atmospheric depth  

Preliminary!!  

Proton induced gamma 
Electron induced gamma  
Neutron induced gamma  
Total  

Simulated Spectrum of  
  Background gamma 
      @ 7 g/cm 2 

10 - 4 

 Simulator expected :  
    obtained Compton events at level flight  
 
     signal gamma- rays    ~78% 
     BG-gamma from detector    ~20 %, 
 neutron      1.5% 
 charged particle   < 0.25% 

B.G. Simulation  & Growth Curve  

Good Consistency between Simulation and Data   



Berkeley NCT Experiment   

Crab 4s detection  with 29ks (8hrs)  

Ge strip Detector with BGO Veto  

FoV 3.2 str  (BGO veto ~8str)  

Simple Simulation  ~3800 gamma  

65.8% remaining after data selection 
~290k events ->   667 Crab gamma  

MLEM method needed  

Background 29141 events  

   

  

  

M. S. Bandstra  et al. ApJ 2011  



SMILE-II in the North Pole 

EISCAT_3D  

e 

ERG 

MeV g from Compact 
stars, AGN & GRB 

GRB 

Crab 

g 

g 

Collaboration:    
Kyoto NiPR, Nagoya STE-lab, JAXA,  Hokkaido, Kanazawa, IRF,         

Lu lea Tech. Univ., EISCAT,  BARREL(UC Santa Cruz, Dartmouth)  

Effective Area ~0.2cm 2 

Terrestrial g-ray bursts due to Relativistic Electron Precipitation (REP)  



   Sensitivity for the Crab Observation (Japan)  
SMILE -I  
Å ~400 gamma from upper hemisphere /3hours 

(SMILE -I)    
 
Case of 0.5cm 2 SMILE - II (39km altitude ) 
 20000 gamma from upper hemisphere /3h  
 Crab (>100keV)  200 gamma expected  
dq =10 degree 
  Background   700 -1200 events 
Å  Significance 5.5 -8s level /3hours  

Improvement of Effective area  
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Improvement of Efficiency sure parts  
  
Side Scintillator wall 2 
  thin vessel   1.5  
  Tracking for target    1.5  
 Choice of gas (CF4  or Ar atm   1.5  
 800um pitch - > noise  reduction  
  
 obtained eff.   3.3 - 6x10 - 4   
 effective are  0,26 - 0.5cm 2 

More challenge for Gap2  
 
New electronics of Scinti ,  >1.5  
New electron tracking+dE /dx  > x4  
ARM  10 o- > ~8o    x1,5  
SPD    ~100 o- > <50 o  X 4  

  
 Total improvements    5- 20? 
  

30cm Prototype 2.5 10-5@340keV 

Improvement of SMILE - II  Efficiency   

TPC 

30cm 

3
0

cm
 

Scintillat
or  

SMILE -I  
 Å Absorber: 35GSO-PSAs 
Å 10x10x15cm TPC gas: Xe+Ar 1atm 

Flight Model  
Å Absorber: 216 GSO-PSAs 
Å 30x30x30cm TPC gas:  Ar 1.5atm 
Å Azimuthal Tracking of target  
Å New Reconstruction  method  



Recording of all hit points on X and Y 
strips  

Remove of inefficient region  

Increase of hit points on track  

2cm 

Bargg peak (Stop 
position)  

Scattering  



ÅAll events are satisfied with 

>5hits  in New method for 31 

keV X-ray 

ÅOld  only   ~2% 

ÅTPC independent trigger  

  good X-ray polarization detector  
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sensitivity  
SMILE -I  

SMILE -II  

Preliminary  

Electron tracks of Compton events (662keV)  

1. Sampling points in a track  x~10  
times  

2. Efficiency of detection electron in 
662keV g    x ~20times  

3. All Tracks in 30keV X -ray  more 
5hits  

4. Almost all recoil electron will be 
detected in TPC with more 4hits  

5. Now Imaging test is on -going 

     SMILE-II with 0 .5cm2 eff. area   

      SMILE-II with the improvement 
of the tracking  

Expected sensitivity of SMILE-II with 106 s at a 3s. 

old 

Ar  gas old & New tracking in 10cm TPC 

new 



Projection  Projection  

Background Signal 

PSF = ARM  
Signal Rate 

1.1[points/sec]  

BG rate  
4.1[points/sec]  

S;N=1:3.7  

Advanced  Compton
SPD = 80deg  

Background Signal 

Signal rate  

4.7[points/sec]  

BG rate  
3.1[points/sec]  

S:N=1:0.7  

PSF = ARM  

Conventional Compton  
in SMILE - II  



Imaging Method       
Maximum likelihood Expectation Maximization (MLEM ) 

Signal (3000keV)  

Conventional Compton 

Projection  Projection  

11.8deg 

MLEM 

(Iteration : 10)  

Remove known background effects such as detector 
acceptance or random noise  
    Signal -> ARM resolution, BG-> Flat distribution  

PSF (MLEM)  

PSF 

ARM 

Preliminary  

Advanced C.C. more improvement expected  



Plastic Scintillation walls (~1cm thick) set in 
the TPC for detecting recoil electron  

30cm ETCC with  
0.5cm 2 Eff. Area  

 Ideal 30cm ETCC  



GRB Detection with Swift  
BAT 15-100keV X-rays Coded Mask  

Large FoV Imaging possible in 
X and g-rays 
But need much photons  
No rejection for B.G. photon  
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Trigger bias looks to appear above  for long GRB with z>4  



Sensitivity of X -ray Burst Trigger  

Diffuse X -ray BG:~10ph./cm -2s-1str -1 >5keV 
Ph.lim ҍ ã(A: Detection Area)  

   A(104cm2  >5kev)->105counts s-1  in A 
      -> 0.20Ph./cm-2s-1 at 8s  

Ph.lim ҍ  hz ~(1+z)2   
     z+1 ҍ (A) 1/4  

       If z lim(Swift)~7 -> zlim(Swiftx10)~12  
 

 

time  

h hz~(1+z)(1+z) 

z 

dilation  red -shift  

 Salvaterra et al. 2008  



New Trigger Strategy  

Imaging ability for each photon  

  Even 10o  resolution  -> 1/100 B.G. of 1 str Detector                                            

  ->Imaging Trigger photon by photon in ETCC  

X-ray Trigger 
region 

MeV g Trigger 
region Extragalactic Diffuse X to g 

GRB(z~1) 

GRB(z~20) 

10keV 
100keV 

Thermal Rad. (Star 
etc.)  

Modified from Weidenspointner & Varendorff 2001  

B.G.high peak Trigger;  sensitivity ҍ (1+z)-2  

B.G.low Integrated Trigger;   sensitivity ҍ (1+z) -1  
 



Dq 

Dq ~120degree 
Dq 

ETCC Field of View    

Noise area = Dq x Dq    
Noise area = ( Df x Df)  

Df/Dq =10 Noise reduction - > 1/100     

Df 



Imaging GRB Trigger in Sub -MeV   

 ETCC  measure the  each photon direction >100keV  

Cosmic BG >100keV;   ~80ph./103s >100keV in 4ox4 o @100cm2  area 

BG;  several 10 x of Diffuse g  but rejected by Kinematical cut  

Plim ~70 ph. >100keV in 4ox4 o @~100cm2 in 103 sec (8s)  
Point Accuracy for GRBs    <0.2 o for 300 g,   0.5o for 30 g 
With a wide field of view infra red or X -ray telescope (~0 o.5) 

 
 

Several g Mapping in Lab. 
Obtained Gamma-ray Spectrum  

BG Rejection (SMILE -I off - line) 

 
2.23 105  

events  
 
 
420 g  
 



Expected Flux >100keV for GRB@z~20  
Fluence(>100keV) - > #of Photon @100cm 2ETCC    Position Accuracy.  

      10-6 erg/cm 2       ~103 photon                               <0.1o 

      10-7erg/cm 2       ~ 102 photon                               <0.3 o 

      10-8 erg/cm 2       ~10 photon                                  ~1o 

   For Radio observation for long GRB   ~ 1 o resolution is enough  
 

Expected Photon # (>100keV) for GRB @z=20 & Eiso=1052 erg  ->1000 ph .  

 two Fermi - LAT GRB (080916, 090902B)  events=> @z=20          
>1000 ph .(>100keV)  

 

 

 

 

Eiso 
(10 52erg)  

Expected g 
(>100keV)  

89  2.6x10 3 

7 2 x10 3 

38 1.7x10 4 

3x10 3 

20 1.2x10 4 

3 1.7x10 3 

5 2 x10 3 

using Dr. Yonetokusõ table 

*Fluence(100keV-10MeV) ~ 10xFluence(5 -50keV) for typical GRB  



S- ETCC 

S- ETCC 

Satellite ETCC  Detector   

Requirements 
 Detection Area  100 -30cm2   from 0.1 -100MeV       

Angular Res. ~4o - ~0.3o <0.1-100MeV 
-> Position Resolution  0.2 o  for ~300 photons  
 
Expected Sensitivity    ~1/50 of COMPTEL  
 
 
 
 
 

FERMI <100MeV  

 Double Scintillator 
(laBr3+GSO) 

~1m 

 e+e- 

 Compton 

e- 

0
.5

m
 

Small Satellite ETCC  40x40x40cm ETCC  
  Detection Area  ~10cm 2                         
  Sensitivity   ~1/15 of COMPTEL  

 



Detection  of GRB  
from POP-III   

 

From Dr. Suwa  



 

POP-III  

  Unique method to detect and identify  POP - III  



Detection of long GRB by 40x40x40cm ETCC(10cm 2 eff. Area)  

Å 10-8erg/cm 2s   1g(>100keV)@10cm2 

    for GRB of 10 -9erg/cm 2s  (900M solar) 

Å 103s 100g   B.G. 8g in 4x4 o S/N =10s 

Å 105s 104g B.G> 800g      S/N =300 s 

Å 5s detection during 10 5s -> 140g 

 for infra red telescope   300 g needed 

   detection limit ~30 Msolar  

  for radio telescope   ~100 g needed 

    detection limit   ~10M solar  

    

Eff. Area  

Total Weight =250g  



EGRET 
MEGA 

with energy info. 
(Ar:C 2H6=90:10)  

Full cover detector without 
energy info 

(Ar:C 2H6=90:10)  
     

Simulation for experiment  this 
work  

Due to loss by hole   

Pair creation  
18.0MeV 8.7MeV 

8.4  
(68% 

containment)  

7.0  
(68% 

containment)  

this work  

1m3 TPC(CF4 2atm)  

Fermi  

EGRET 

Effective Area  

1m3 TPC(Xe  2atm)  


