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Motivation

Observation of MeV gamma-ray will provide us...
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 The observation of continuum component is also important.
* Where are MeV gamma-ray objects?
 There are many background events which obstruct the observations.

[  Wide-band detection

Requirements for
the next-generation detectors are ...

* Background rejection

* Large Field of View



Sky Map of MeV Gamma rays
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COMPTEL (C6GRO:1991~2000)
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Background of COMPTEL

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

MeV Y-t
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Comparison with the usual Compton method

| Electron-Tracking Compton |
(ETCC)

Using the electron tracks

- complete direction within
sector form error region

’ Simply overlay

. 2 sources were
separ'a‘red clearly
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Sub-MeV gamma-ray Imaging
Loaded-on-balloon Experiment

10cm cube camera @ Sanriku (Sep. 157 2006)
% Operation test @ balloon altitude

% Observation of

diffuse cosmic/atmospheric gamma
~400 photons during 3 hours
(100 keV~1MeV)

30cm cube camera sub-meV ~ MeV
% Observation of Crab/Cyg X-1

40cm cube camra

% Long duration observation with super pressure balloon
% Adding pair-creation mode

50cm cube camera

% All sky survey (load on a satellite)
T~ -



Tracker

B Gas: Xe 800/0 + Ar 18% + CZHé 2%
latm, sealed
B Gain : ~35000
B Drift velocity (V4=400V/cm):
measured 2.5cm/usec
simulation 2.48cm/usec
B Volume : 10x10x14 cm3
B Energy resolution :
~45% (22.2keV, FWHM)
B Position resolution : ~500um

Recoil electron

Absorber

B Scintillator : GSO(Ce)
B Pixel size : 6x6x13 mm3
B Photo readout : H8500 (HPK)

B DC/HV : EMCO QI12N-5

B A unit consists of 192 pixels, 3
PMTs, 3 DC/HV and 4 preamplifier
B 4 channels readout with resistive
chain (H. Sekiya et al., NIM, 2006)
B Bottom : 3x3 PMTs 2112

B Side: 3x2 PMTs x 4 }
EEnergy resolution :
~11% (662keV, FWHM)

pixels

Flat Panel
PMT H8500



15t Flight SMILE

‘Gondola size: 1.45x1.2x1.55m3
‘Gondola weight: 397kg
Bessel: $1x1.4m3
‘Power: ~350W

in Bessel : 220W

In Bessel (1 atm) Flight Control
Detector, DAQ system, Telemetry,
Storage, Thermometer,  Transponder,
Pressure gauge, Buoy, Radiosonde,
GPS, Clinometer GPS, Thermometer,
Pressure gauge, etc.
Out of Bessel Balloon
Battery & Regulator, B100 (100,000m3)
Thermometer, Weight 816kg
Pressure gauge,
6PS antenna. Buoyancy 888.2kg

Geomagnetic aspectmeter

R
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C'osm/c & Atmospheric gamma-ray flux
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Our results were consistent with those of past observations!!!




Sensitivity of X/G@amma-ray observations
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Sub-MeV gamma-ray Imaging
Loaded-on-balloon Experiment

10cm cube camera @ Sanriku (Sep. 157 2006)
% Operation test @ balloon altitude

% Observation of
diffuse cosmic/atmospheric gamma
~400 photons during 3 hours
(100 keV~1MeV)

30cm cube camerasub-mev ~ Mey| 2012- test flight @ Taiki
‘ % Observation of Crab nebula 2013- Observation @ Kiruna
with circumpolar balloon

AUcm cube camra
l % Long duration observation with super pressure balloon

% Adding pair-creation mode

50cm cube camera

% All sky survey (load on a satellite)
T~ -



Toward Next Step
» SMILE-T: 1st Sep. 2006 launched

* Observation of diffuse cosmic/atmospheric gamma-rays
-> detection by integration in a large FOV
* Electron Tracker : 10x10x15 cm3 , Xe+Ar latm
« Absorber : 15x15x1.3 cm3 @ Bottom
15x10x1.3 cm3 x4 @ Side

Effective area : ~2x102 cm?

» SMILE-IT
 Observation of a Bright object (Crab nebula)

‘ Requirement : ~0.5 cm?

* Electron Tracker : 30x30x30 cm3 , Ar/CF, 1.5atm
* Absorber : 40x45x1.3 cm® @ Bottom
| 40x20x1.3 cm3 x4 @ Side

» Improvement of Angular resolution




Sensitivity of X/G@amma-ray observations
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y-ray burst due to Relativistic Electron Precipitation
in 1996 @Kiruna for SMILE-II

K.R.Lorentzen et al. (2000)
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Rep-burst observation

Wide FoV imaging-> Direction, Position
Spectroscopy, Light Curve,

y-ray spectrum—>Depth of burst
& 0 -> L (Distance)
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30X30X30cm’ ETCC current status

We are developing a larger ETCC based on the 30cm X30cmX30cm
TPC and 6 x 6 scintillation cameras.

» Gaseous TPC » Scintillation Camera
e volume : 30X 30X 30 cm3 * number of pixels : 2304 pixels

. gas : Ar 90% + C,H,10% (latm) * Crystal : 650(Ce)
- drift velocity : 4 cm/psec
* gain
* energy resolution : 467%@32keV
» position resolution: 400pum

- pixel size : 6 X6 X13mm?3
D * energy resolution : 10.9%
'+ ~100000 (@662keV, FWHM)
* position resolution : 6mm
300“\ - ,14Cm
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simultaneous imaging (preliminary)
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Angu/ar re.s'a/urlan Enef:qy reso/uhon
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Saving power consumption of the readout

SMILE-I The power of readout system SMILE-IT
33 PMTs : ~80 W ‘ ~200 PMTs
(10 cm)3 u-PIC (1024ch) : ~70 W (30 cm)3 p-PIC (1536¢ch)

»For scintillation camera (CP80190 Clear Pulse)

GSO array AE/E  Power
(FWHM @ 662 keV) (/PMT)

SMILE-I

wystorm 11 % g 2700 MW
New system 0

vieq 105 % N 100 mw

Collaborator: M. Tanaka,

>ASIC for gaseous TPC witha 0B im-CMOS  andY. Fujita (KEK)
= T TPCAE/E Power ch #

(FWHM @ 22 keV) (/ch) (/chip)
~ 20 % ~ 50mMW 4

~20% N 18mw 16




Simulation of SMILE-ITI flight model

prototype

» Absorber: 36 GSO-PSAs
* Tracker gas: Ar latm
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Flight Model

« Absorber: 216 6SO-PSAs
* Tracker gas: CF,+Ar 1.5atm
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Thank you!

http://www-cr.scphys.kyoto-u.ac.jp/research/MeV-gamma/en/index.html
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