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1. Introduction & Targets in Sub-MeV/MeV gamma-ray band € Our Observations
1(‘)_2; | T, =10%cc, AF = GRBs, nucleosynthesis in supernovae, SMILE (Sub-MeV gamma ray Imaging Loaded-on-balloon Experiment)
f %abﬂux level partlc.le acceleration n AGN, etc » SMILE-I (2006) 10cm-cube ETCC @ Sanriku, Japan
9 10°E /*'*v € Previous observations Observation of diffuse cosmic / atmospheric gamma rays
o - «"  COMPIEL |, i i i ~ 2 .
E .l %ﬂ_,— COSB » COMPTEL (CGRO) Classical Compton Imagllng Effective area ~ 0.01 cm# (150 keV-1.5 MeV) [2] Effactive area must be
> S » IBIS, SPI (|NTE_GRA|—) Coded Aperture Imaging » SMILE-Il (2014-) 30cm-cube ETCC D improved ~ 50 times.
= el S the problem of high background Observation of Crab nebula / Cyg X-1
= S LA 1% Crab + EGRET, T : : :
= ?!’{j;,...---~.“3}\ = low sensitivity Required effective area > 0.5 cm? (@ angular resolution ~ 10°)
3 WE? LmCrab "~ e Background rec_uctlon 's IMPORTANT To obtain the required effective area for SMILE-Il, we have improved the electron
10.? o .. ... W 4 Our Detector [1] track reconstruction method by updating the track data encoding logic and
10° 10° 1 10 o el Electron Tracking Compton Imaging developed a simple track analysis for the new logic. In this poster, we report the
Continuum Sensitivity in X-ray and gamma-ray region - Powerful background rejection ability performance improvement of ETCCs by using the new track reconstruction method.
2. Our Detector : Electron Tracking Compton Camera 4. Performance improvement of p-TPC
MeV ey, € Principle € Experiment data of 10cm-cube p-TPC (irradiate 3/Cs)
N ~ > Electron Tracker : p-TPC Previous logic New logic />The track has much mo@
: . . , _. : : : - 10 . . .
Time Projection Chamber based on u-PIC 70(,‘_2[c|o<;k1__ 06 Z[clock]. ]  Previous logic hit points. (~ 30 times)
3D track and energy deposit of a recoll electron vip o w T O lewlegie » We can detect the
> Photo Absorber : PSAs track of TV I Bragg peak by the TOT.
Pixel Scintilater Arl’ayS 200 ___________________ .................. | 200 S SO SO S ‘ZZ 10 — > New dE/dX m ap provi des
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. Agaseous 2D imaging detector with strip read out
= v Pixel pitch : 400 um !
e v’ Detection area : 10 x 10 cm?, 30 x 30 cm?
v First amplifier : Gas Electron Multiplier (GEM)

4[| v Typical gas gain : ~ 3000 (u-PIC) x 10 (GEM)
electron _ _~Electric

l 5. Simple track analysis for the new encoding logic
T e I To reconstruct the incident gamma-ray, we need the information of the Compton

scattered point and the recoil direction using the obtained 2D-track, (X,Z) and (Y,Z2).

d v Drift velocity : ~4 cm / ysec . TAmemmm AT 6 Reconstruction of 3D-track \ InCIdent\y ray
cloud #” Y0 4 channels readout with resistor . . : : : Recoil C
oD dout PIC 400 toh § hain i H PMT Coincide with obtained 2D-track in an adequate gate (10-20 ns) using the software. Sroct omptog
. . - chain In eac . . Irection ‘scatt
readout (i - Hm pitch) o _ @ Determination of Compton scattered point X - Zg?ntere
+ Drift time (100 MHz) ;‘/ Hit pixel is determined by center Simple kinematic method. The closest hit point by XY-plane distance . e | |
= 3-D track and energy of gravity of 4 ADC data. from the absorption point of scattered gamma ray. 7| o besgéﬁgfgdpslrr:y
Scintillator GSO:Ce (6.71 g/cm?3) ® Deterr_nina_tion of the r_ecoil direction | o o 1‘—>X /
" Pixel size 6 x 6 x 13 mm3 The direction connect_lng t_he_scattered point to the hit point which is farthest :
from the scattered point within 5 mm. XY-plane distance

Dynamic range 80 keV-1.3 MeV

Schematic view of the p-TPC N 6. Performance improvement of an ETCC

€ Experiment Data of 10cm-cube ETCC (irradiate 13’Cs source at 60 cm above)

3. Updating the track data enCOding Iogic » Demonstration of Gamma-ray Reconstruction using a new logic
All the signals from the anode (X) and cathode (YY) strips on the u-PIC were No cut Y [

discriminated, and they are sent to the following FPGA encoding module
with an internal clock of 100 MHz.

Extract low energy
electron component

using dE/dX map.
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=717, eVt 0
l{'}-]g ﬁE_D:# % Encoder T S— oo N ‘I'hr‘EShﬂld Energy SpeC'[I’a MOSt Of background have been
> 21 100 MH : f rejected only by two simple cuts.
2. ! 3 Z Y bus e > Perf f 10cm-cube ETCC usi g
22| ! A | Yime erformance of 10cm-cube using a new logic New logic @662keV
- : A L\VDS H{emocll'}’ 5 : ® Measurement (New logic) N
- hoar _ B Measurement (Previous logic) [7] n .
(lathode 256 ch Preamplifier & FPGA out Tim Ever—Thr hold (TOT) — A Simulation ) S | AS\F\)SI\O/IH ] S:I:OD |
e intnlals - 1 = =, Discriminator Encoder 10 _ T 20/ \' N | L o /
:_Y____V_Y_Y_: 100 MHz CONSIGtent = 5 o \\RM ‘ZZ I\ ; J |
(Y, T) PC 0010000000 Previous |OgiC /\”’:::"‘ '~.:::'>‘ SEAA \\ , ol 0'—10"‘1’:5{ R ®-150100 50 0 50 100 150
Digitalout 256¢ch = @ Lt=e—m—m—m—m - — — — — — ] 0011111100 New logic 10" e : \‘\ B top ) e S Previous logic @ 662 keV
(100 MHz clock) o 0-10 " o S T e SPD 90-200°
- : - : : 10° refimingry time$ Tk:eV] 10I(j)rftitl)m3lor(])a:¥0 500 600 700[k§0\{)]' Great improvement of
t_PI’EVIOUS enCOdII’]g |OgIC [5] ‘ NeW enCOdIﬂg IOglC 102 Eﬁiciency vs. Energy 10° Angular Resolution (ARM) Vs, Energyefficiency and angu|ar resolution
.. Detect the leading edges of all digital . Detect the high level of all digital 7 g ymmarv & Future Work
SignaIS with 100 MHz clock. siagnals with 100 MHz clock . y : . . . 10°T . |
) o | 9 ' O Measured efficiencies are 5-10 times higher < Simulated Effective Area
1. Coincide with detected anode(X) ii. Record all of the detected than using the previous logic and looked I IR G R G N
and cathode(Y) positions in one —  Ppositions with the hit timing. consistent with the simulated efficiency. g, & 3 DaE
M .. clock interval 10 nsec. y Don't take coincidence. O Measured angular resolutions, ARM and SPD, % : 'i‘?ﬁiﬂ?fggfigﬁ‘iﬂ; e
Il Record only the two edge positions Encoded Track Data were improved remarkably. 5107 . ACHe(0ito) 20am a
among the coincident hit positions (X, ), (Y, T) (ARM : 8.2°— 5.8°, SPD : 90°-200° — 93° @ 662 keV ) 102 v pureCF4, 30atm
. . . . ii - . . 1“2 1{]3
with the hit timing. = the 30cm-cube ETCC for SMILE-Il will achieve =nergy [keV)
Encoded Track Data The electron frack o | 1cm? effective area and more than 3 times better sensitivity.
- The electron track are expected to . L . .
(Xiins Ymins Xmaxr Ymax: 1) P I = This sensitivity enables us to detect Crab nebula with 5 sigma level
| | be measured more precisely. for several-hour observation [8].
A 10 nsec gate is too restricted for the In addition, we are able to estimated

O In a few years, we will achieve 10 cm? effective area by changing the kind of

coincidence of u-PIC signals, and it caused  the energy deposition using the gas and increasing the gas pressure.
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the delav on FPGAs. This loss dearaded T K ' K ’ " [6] K. Hattori, Ph. D. Thesis, Kyoto Univ. (2009).
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