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Electron-Tracking Compton Camera (ETCC)

MeV 7Y-ray
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Comparison with the usual Compton method

‘Elec’rr'on—Tmcking Compton ‘
(ETCC)

Using the electron tracks
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‘Usual Compton Imaging ‘

Not using the electron ’rr'ac(kCOMPTEL)
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Electron tracks provide 4 times better S/N than usual Compton imaging !




Track Range [mm]

ETCC for 2 balloon exemment

SMILE-IT
Target: Crab nebula

5o detection (40 km, several hours)

Requirements

Effective area : > 0.5 cm? (300 keV)
Angular resolution : <107 (600 keV)
Sensitivity : X100 SMILE-T

Improvements for SMILE-II

« 30 cm cube tracker XJ10
« Updating of data acquisition system XJ10
« Improvement of imaging ability X 10

Sensmw‘ry will reach to (X100 SMILE-I)!

Obtained recoul elec‘rr'on -------------

~4 cm
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Performance in 30cm-cube ETCC

Detection efficiency
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Improvement of DAQ system
-> efficiency X10

EffeCfive area Large size tracker

-> effective area X10

................................................... m

SMILE-II ETCC (A'"la*m) SMILE-IT ETCC
..................................................... ~1 sz (< 300 ke\/)

Requirement : > 0.5 cm? @ 300 keV

Experiment # Simulation

T, ETCC obtains ~100%
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Experiment 1:
Confirmation of background rejection power

Can our ETCC detect gamma-ray source
in strong radiation field?

920cm

P

140 MeV)

<
water

Shield ila‘re

0
137¢s (0.8 MBq)

* Irradiation proton beam to water target
-> produced gamma, neutrons, protons, ...

* gamma : neutron=3:1

-> similar to background at balloon altitudes
Observation 137Cs under this situation
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Experiment 1:
Confirmation of backgr'ound rgjection power

WITh dE/dx SeleCT|onl baCkground 10* = | | :::::::::é::::
events are rejected. —

Spectrum: e S e
excess @ 511, 662 keV
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Image:
compact excess @ 137Cs

excess @ 662 keV in ON-region
ho excess in OFF-region

ETCC detected gamma ray correctly.




Experiment 2:

Observation of a week source

Can ETCC detect gamma-ray source with low S/N?
“*Na (40 kBq) Crab nebula : B6-gamma ~ 0.01 : 1

Lead (2 mm) Weak 22Na -> ~100 ph/s come into ETCC
511 keV : B6=0.02:1

Gamma-ray image has a clear excess.
Significance of excess @ 511 keV is about 11c during 5.5 h.
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Possible Detection of GRB polarization in 1 month Balloon flight

Reported 6GRB Pol. >30%
« SMILE-III: M>0.6 FoV 3str, Eff. Area 20cm2@200 keV
» GRB 10%erg/cm?s MDP= 5/M % (35) (M>0.6) 8% pol.
GRB 10-7erg/cmés-  30% pol.
a few GRBs (10-°erg/cm?s) ~10 (10-7erg/cm?s) with one-month



Summary

We are developing an Electron-Tracking Compton Camera using a
gaseous tracker.

SMILE-II ETCC:

- Effective area : ~1 cm? (< 300 keV)

- Angular resolution : 5.3° (662 keV)

-> Crab nebula with 3c level with 3 h at 40 km

ETCC has redundancies of background rejection

- complete reconstruction using electron track

- particles identify using dE/dx

- Compton kinematic test using angle o
Confirmation experiments:

- detected gamma-ray source in high radiation field

- detected a low S/N source
511 keV, S/N = 0.02, live time = 2.0X10% s -> 10.5¢
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