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(Electron-Tracking Compton Camera: ETCC)



10 cm

400 �m

�TPC (Time Projection Chamber)
GEM (Gas Electron Multiplier) (F. Sauli (1997))
+ μPIC (micro PIxel Chamber) � 2

micro pattern gaseous detector
� 2 + � 3

: Ar/C2H6 (90:10), 1 , 
�TPC : 10 10 10 cm3

: � 150 �m (1 )
: � 30000 (�PIC : � 3000, GEM : � 10)

3



MeV�

:
(300 – 3000 keV)

(SPECT < 300 keV, PET 511 keV)
1. RI Tracer

RI
2. 

�

: LaBr3

: 
Sub-MeV gamma-ray Imaging Loaded-on-balloon Experiment (SMILE)

1.  SMILE-I (2006 )
• 35km ETCC
• � � 400 � 4

2. SMILE-II 
• Crab Nebula Cygnus X-1 � 3
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: GSO

20pBF-12

Takada, et al. (2009)

21pBS-9



•
•

• ETCC (10 10 10 cm3 2,3,…)

• ETCC (30 30 30 cm3)
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20pBP-2

21pBS-9



CF 4

� isoC4H10

�
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�TPC

CF 4

� (for �TPC)
� (for ETCC)

Z (C : Z=6, F : Z=9) 1 42
� � (for ETCC)

Ar/C2H6 (90:10) � CF4 gas mixture 



10 cm 10 cm

�TPC

GEM (SciEnergy)
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: CF4
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10 cm
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Ar
CF4
isoC4H10



45
No.

1 CF4/isoC4H10 (95:5)

2 CF4/isoC4H10 (90:10)

3 CF4/isoC4H10 (80:20)

4 Ar/C2H6 (90:10)

5 Ar/C2H6/CF4 (72:8:10)

6 Ar/C2H6/CF4/isoC4H10 (69.3:7.7:20:3)

7 Ar/C2H6/CF4 (63:7:30)

8 Ar/C2H6/CF4 (54:6:40)

9 Ar/C2H6/CF4 (45:5:50)

10 Ar/C2H6/CF4/isoC4H10 (42.3:4.7:50:3)

11 Ar/C2H6/CF4 (27:3:70)

12 Ar/CF4/isoC4H10 (95:3:2)

13 Ar/isoC4H10 (90:10)

14 Ar/CF4 (90:10)

15 Ar/CF4 (80:20)

No.

31 Ar/CF4/isoC4H10 (64:30:6)

32 Ar/CF4/isoC4H10 (63:30:7)

33 Ar/CF4/isoC4H10 (56:40:4)

34 Ar/CF4/isoC4H10 (55:40:5)

35 Ar/CF4/isoC4H10 (54:40:6)

36 Ar/CF4/isoC4H10 (53:40:7)

37 Ar/CF4/isoC4H10 (52:40:8)

38 Ar/CF4/isoC4H10 (49:45:6)

39 Ar/CF4/isoC4H10 (47:50:3)

40 Ar/CF4/isoC4H10 (46:50:4)

41 Ar/CF4/isoC4H10 (45:50:5)

42 Ar/CF4/isoC4H10 (44:50:6)

43 Ar/CF4/isoC4H10 (43:50:7)

44 Ar/CF4/isoC4H10 (42:50:8)

45 Ar/CF4/isoC4H10 (40:50:10)

No.

16 Ar/CF4/isoC4H10 (78:20:2)

17 Ar/CF4/isoC4H10 (77:20:3)

18 Ar/CF4/isoC4H10 (76:20:4)

19 Ar/CF4/isoC4H10 (75:20:5)

20 Ar/CF4/isoC4H10 (74:20:6)

21 Ar/CF4/isoC4H10 (73:20:7)

22 Ar/CF4/isoC4H10 (72:20:8)

23 Ar/CF4/isoC4H10 (73:25:2)

24 Ar/CF4/isoC4H10 (72:25:3)

25 Ar/CF4/isoC4H10 (71:25:4)

26 Ar/CF4/isoC4H10 (70:25:5)

27 Ar/CF4/isoC4H10 (69:25:6)

28 Ar/CF4/isoC4H10 (67:30:3)

29 Ar/CF4/isoC4H10 (66:30:4)

30 Ar/CF4/isoC4H10 (65:30:5)

CF /

No.

1
CF4

Ar/C2H6 (90:10)

Ar/C2H6/CF4 (72:8:10)

4

5

)
Ar/C2H6 (90:10)

32 Ar/CF4/isoC4H

33 Ar/CF /isoC H

/CF4/isoC4H10 (77:20:3)

Ar/CF /isoC H (76:20:4)

Ar/CCF4 Ar isoC4H10



isoC4H10 2 !!

CF4 45%

CF4 50%

	GEM = 340V 	GEM = 400V

CF4 20%
CF4 30%

@ 1

CF4 40%



Ar/C2H6 (90:10) 1
Ar/C2H6 (90:10) 2
Ar/CF4/isoC4H10 (54:40:6) 1
Ar/CF4/isoC4H10 (54:40:6) 1.4

1.
2.
3.

100 mm

2 mm

100 �m GEM

2 mm

100 mm 50 �m GEM
�PIC

Drift Plane 

�TPC



	GEM = 350V
	GEM = 250V

	GEM = 460V
	GEM = 360V

	GEM = 500V
	GEM = 380V

	GEM = 610V
	GEM = 450V



�10%



Ar/C2H6 (90:10)
1

Ar/C2H6 (90:10)
2

Ar/CF4/isoC4H10 (54:40:6)
1

Ar/CF4/isoC4H10 (54:40:6)
1.4


 = 332 �m, D = 246 �m/cm1/2 
 = 302 �m, D = 204 �m/cm1/2


 = 378 �m, D = 147 �m/cm1/2 
 = 330 �m, D = 128 �m/cm1/2
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ETCC
133Ba � (356 keV, 800 kBq)

Electronics

��TPC

source
GSO 1.

2. (ARM SPD)

15 cm

ARM : Angular Resolution 
Measure

SPD : 
Scatter Plane Deviation



(133Ba 356 keV)
ARM (FWHM) SPD (FWHM)

Ar/C2H6 (90:10) 1 1.81 10-5 10.4 114.8
Ar/C2H6 (90:10) 2 3.55 10-5 11.1 105.1

Ar/CF4/isoC4H10 (54:40:6) 1 2.44 10-5 11.7 117.9
Ar/CF4/isoC4H10 (54:40:6) 1.4 3.51 10-5 11.2 119.1
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SMILE-I 2006
(Xe + GSO)

Ar/C2H6 TPC 
+ GSO

(GSO)

Ar/CF4/isoC4H10 (54:40:6)
1.4

133Ba
�TPC 15cm

-5 11.1
-5 11 7
1.94

Ar/C2H6 TPC
+ LaBr3



• �TPC

• CF4 � 20000
Ar/CF4/isoC4H10 (54:40:6) 

• Ar/CF4/isoC4H10 (54:40:6) Ar/C2H6 (90:10)
�TPC

• Ar/CF4/isoC4H10 (54:40:6) 1.4 Ar/C2H6
(90:10) 1 2
ARM 11 @356keV(FWHM)


