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X GRB

Development of a wide field polarimeter for hard X-rays in small satellite

Tanimori, Toru
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e have developed Electron Tracking Compton Camera for exploring MeV gamma
astronomy, which have a capability of high quality imaging with a wide Field of View of 4str and strong
background rejection. Thus, ETCC is considered to be a good detector for the detection of GRBs. Also,
since Compton scattering keeps a polarization of gamma very well, ETCC would be a good
polarization-measured instrument having an imaging ability. After checking the good modulation factor of
ETCC for above 100 keV by simulation, we have examined the modulation factor of ETCC at Synchrotron
Facility in Japan and obtained a good modulation factor of ~0.6 at 130keV which is one of best results
for hard X-ray polarization detector. Furthermore, we succeeded to measure the polarization using a weak
Rl source by applying an imaging cut for the background suppression. This is a first result in the world
of imaging polarimeter for hard X-rays and nuclear gammas.

TPC



B X C—19, F—19., Z—19 (GtaH)

1. RBEBYIIDOE R

GRB DB HEAEITIT L A CMIH ST
W, KA IEIC IR R < Bl 545 Z &N
FAEI, W OFIE L GRB S O &2
D BERD B8 TR R A AR ] o K &
RTHNY Lin D, W OREE BEERE T
XDHPMN X« T ~BIREOMETH D,
L LBUE, Tl X R EIT > FL—
=X D b A YRGB E A N
WETITORL TV A REETH Y & EBH
OFEIXIF E A S, WO ATRENE 27"
F— Z T STV E RN Ry Ak B
ThbH, ZO LY CHERICEERE TR N
AR MU B BT RZ WV, BB 1sr
BRRTH D, —FHTRX—JENARER
T A ST RN A O M E S X R
mEAE LTSN TWS, L LEERT
Hoem AONEEBR O HB T, AR H O KA
T AR EE B O PR IT I,
Foxid~A 7 8% — 20 AR R T
RE2Y—RNLTEz, KAUEAATHEZ: Micro
Pixel Gas Counter (u PIC) #Ba%. [AIB&Ek
WOIRNARNY v 7 TH 7 I UEED 3
W ot R - A B f (B R & #f S7 (Time
Projection Chamber;TPC). i a AV =8E
IRl 7 R A5 (ETCC) %
L (K 1), MeV 5o~ # K% 4 B
T B OREKEREZIT> TS (SMILE-ID),
UTAE, PR AR O U TR HHZh =R A3 K &
< %, 3 TIZ 10cm 4 TPC T 8-30keV ® X
WE TR RE 10 fEELE (1o
MPMTERICHE SR TH D), Z0
TPC Hiffi &2 W AUIER 20em 8 D 2« 113 T
DAY 30-100% D B = R X #
RCEE NSRRI TX 5, /N E S
FAUNT 1 4E 100 > GRB % % DK T
e FERE DS K 2 B 7o R & 72 B, 48K,
LD D ZER RIR DR EHIK 5

gamma-ray

X1 : (ZE)ETCC #&X ., AICRIEN o~
& ARM 35 L O SPD DR % .
(#5) SMILE-II ETCC K EREHILERE o5 HE

2. MMEDEH

X BURCE 14 £ T ER R BB
M O OB IMERIZ A 72 < Crab T
DR X R AEIR C O P E A ME—Fe D 72 5 R T
H5, LnL., I, GRB° AGN 72 P K
79 T T RV — E R AR oD 0 B A AR B L

IIMRET — 2 NEETH D Z ENERS .
FOMEMITEEF>TWAS, UL, F55
JEPE OREE UT- B TEN I BRI
Bl L7, ZOREEIX GRB, AGN 72 22
7 RAK % 550 % O AR G E RS FE CHERE] 100 KK
FREEBLAI L, GBI 2 REE IR S 5
AREMEZ RS, T CICRERBA %S /N 2
BRI EOBRFENERICHER L TR, E
B FLNRER & 72 N S S T RE
IRAEEOER RN AR, ZOHEOREE
1% 5 AEFRE CHEBRICEBIN G FRER B CTH D
RN TH D,
BAREIZIZ, KA 26 2R X 5 X BRR
FHIE 2 EH T 570, BEFED/N TPC (12
X B X BRMERERRBR 217\, 5—30KeV T
O X BROFEEIRHRES) 2 5Hl 9 5, K ERF B
TR TARMES CH 0 BIME 1 keV & Fe oy ik
TE D, ET-MR=EICH D X MR EEE (8,
16keV) 1LV b A Y UBELTRYE X # A4
V. ARERE(E Y 2 L— 3 Ui M) A&
EL, ELTN, Z2OT —F 5 HKIZTU I
2 b—3y 3 V&IV, 10x10x10cm F2 % D
AN R S E OBESERET 21T, 2D LD
72D GRB RLEEOHIEND ., Kb F
BN EREEE 72 GRB B O ATRetE 2 ER S

07 @A OE 07 @200 keV
i @

f 29 * f e o
g os _ WS g os L =
3 s = 3 WA o ¢
2 04 ( S 04
z 03 ‘E-x;:l I"z E 0.3, Hl’ﬁf‘l .‘"m
2 0% MR 4 = 0% ks oot
0% Eval—vay7rroh— 02 EVal—sayTroh—
0T RN (KA 01 A iktetE

%100 200 300 400 500 600 700 0 10 20 30 40 50 60 70 80 90
Incident Energy [keV] Incident Angle [degree]

[X| 2 : SMIEL-II D@ Yizkt3 5 Y =2 L—
gl (MiE) O I a2l — g UFER,
I v~ e X— HIEAS T
T DIRTEE,

3. MEDFE
FPRERBE T /N TPC O X Rk REET A 34
BR&1T 5, £ 10KeV LLF TO X #kk H D7
BRI RE 1 &2 N9 5 . SER AT R T AR
HEETHY, TEBME 1keV ZF @l T
HAREMEDRH U | W LB 72 TREER N & D=
FNX—FTENDDFHMET 5, X fasddk
BEIZED FA Y UBELTIRE X BE1ED ., 8
L 16keV TORMEEE (2L — 39
M EHEL, &FELTWL, HITHRHED
Fh FIFATD Ar HADES & AwICHIEGE
TIOBRE T, IS, WGETE 25k
W5, WICTF—F &Ky IalL—vark
1TV, N R A E OB RRRFH 1T O,
F 72 KALLEE O 23 Al BE T2l 72 KBk 3=
BRC D GRB R YEIHIE O mTEEME HARFT9 2,

4. WFFERE

ZOHFE T, VRS TR AR O
FEDOEEE (10 cmARRE) TH, XROWINLR
K& < EREH R RYEEHIDY 5-30keV D
X HBREEIE T BN RE - OBEL S mHIE THE



£ — L5488 @SPring-8 BLOBW

s
160 —AIBY N 90°MEL

~100% polarized
§ i—ALL A 134kev

beam 182 keV

| Al target
10 x 10 x 1 cm?

i N
08 [ 1Y  Beam
1Y 180 ke

® N IF =12 —gg M

<«
]
z

Lead
shield

ﬂﬂ? ? Azimuthal

I rotation
TEEELL TANICH=3
MT7=ESI—Fs A -5

|~ 96% polarize:
1123-148 keV

~100% polarized

beam 182 keV Al target

10x10x1cmd

)
Lead | e

shield
vZ

X 3: FIZSP-8 Tty N7 v XE AR
VIMIERNX DA EET DA A=Y, FIX
45 AN EEE2 -y N T v L EDA A
—, Blonizhm &) BBEL T\ 5D,

BTX5LEZ TV, L LKESRE
ZHAWESE ., RCEREDOREE 27D 5
Modulation fE (M) 78 Z @ = R/)L¥ —fHiEk
T, BEIEN NS WA T ZHVWEHEETYH
T AR DEF DB FEDR D72 KEL
0.2-0.3 E/hE<MabNDIENVIaL
—a IZK VLN T, EDTDR
HERR 72 D /N S UME FEE O @& M G E o 7]
BEPEAMEWNZ ER o TE T2,

—77 100keV LL E@D ETCC AAWEL L H & L
TWHHRT o~ T a7 b U HGEL %
AW RIGE 21T > 723856, ZOMEIX 0.5
U ERBIFHCEDZERK2ITRT LI
VIialb—valrTHLMNIA o7, 100keV
PLETCIEFEHEE SN2 L, mun
S/N WELNDAREMENRH VD . EHITEVME
FEHE OMRIGHENFRE L 72D, 7272 L Z D
G Ho~OT7 7 v 7 AN XEREE LY —
Hid 72 < 30 x 30 x 30 cmFRJE D H A RFED By
IRIRVEE L 72 %, Z OPEREITSER T OB
it a7 h o A (ETCC) OPEREIZT
<. EBITETCC X 100keV VL TSI
£ & bstr EWIHRIEEFERDL, A A—T
TRREEL 720 | A7 BERBER TV WA
B noA A= Z A RERMR R g 3
Ho, AR’ dH s 2 Exbhoiz,

Z AT GRB R YR Cld i 22 348 CTh D,
FFIZ ETCC [T H IR & 5 BffiZe s ©
HOR&E2 M ENTRIND, TCIZ 30cm
£ K ETCC P RERFEBRFIC TE TV 5, GRB
BB T REE R L BAE, KEE T
DT FEHE S 40T 2 i JE (0] 5Bk FE Bk 2 17
ZE 30 B ORI CT20ME LA _E > GRB B2 7]

e/ Z EDVHIB LTz, D7 iR
TEFEE GRB R YCBIHI S M SEIAT 2 D BT
HDHT ENRNDMHY, Z @ ETCC TORERERR
@ GRBIRJEGHIE D RIREMEZ RS Z iz o H
OB EERE LT,

TR Z O HGEE TIT eI L D HEE R
SERFEERA ETCC OMERIE, S HITHEE M
FEEE O BN T V9T 2 VW 72 FEBRIC &K
LIREBIHZ SR L, LTI T L9+
IRREINERES T,

o

GE :'QOdeg.,t' —
EEE e
. e
oE \J ; T e

HPYa W Y

counts [a.u.]

7 Y 180 'Eieg.;

[ Sran e

Lol kol
a

g~ —
osf ... ASTH(BP-= )+ C" 5z
-200 -150 -100 -50 0 50 100 150 200

Azimuth angle ® [deg.]

0.07

07 IVI+~O.5

1] -90 0 90 [deg.

X 4: EFE ENDLDAHNTOEY 2 L —

var—7 ., MIEIX 0.6 #457-, Tl

45 ERID AT THOEY 2L — 3 M
fE1X 0.5 L LA TS,

25—26 4E
Vialb—varyTELNE MfE 0.5 DIk
(100-500keV) ZZEFET 5D 7= 812 SP8 fltht
WEFZ D 140keV il X B — A % 90 FEEGEL &
L00%{@ e e A2 1E Y 30em £ ETCC 12 A4, MAH
DOFHAERR % 26 4 1 HIZdiT-72 (X 3), Z
DL IAEET, YI21—230DF
@Y OMEEED Z &Ik WL /48
L T =23 ETCC DMEFFREREIIC L0 Bk
BHo6L, YIal—rarbkE KT
HRERAEET (M 4), T3 E BRI K
EHEATND Z &% L, ETCC DEFOE VR
SREEFH LT, = OERTITEBROFEH
BN VVIRRE TORICEE D 2 74 5 7=
W, %< DREERTITOND BE— L%
REO ORI IND Z EiTTDT
EEAmMIIASBHETLIE L, A AV
VIR TCHEE R E I A I EERAR, £
NICHRRE LT, 720 v~ AR I B
(90 BE) LISMIT, Bled 45 L RE S BfL &
B E S FEfi, f A=Y ik o=
MIEHR O H &2 By OT — 20 HRO, [
HERD, ZOHELMEO. 6 & T4
DOEWEIEAED Z LT L= (K 3, 4

=



TR, ZOEIZIEEENSA A=V T

Polarization sensitivity : 30 MDP
Crab nebula ~ 15 %, Cyg X-1 ~ 20 % (half-day flight)
GRBs ~ 6% for 10 erg/cm?s (2-3 GRBs/month)
~20% for 107 erg/cm?s (~10 GRBs/month)
#1:SMILESKERCTTEINDR
Sl E OYERE GRBT@10@6%@@@
Mﬁ%(Z AE) Z4E LT h 5,

2N A BE 72 R D ER A~ AR S 2 i o B

WAk L=,

ZOMEE b LTI T ETCC KERSEER
PELIEGERLIICHDIIIIC—NAD
TATHER T 5 EFLE DRV GRB (2% LTIk
6 % DI E TBMIFEEL 720 20 HFEFED
HERE GRB C1320.% £ F T O EHIE 23 7]
BRERD I ENbhoT,

HAE, FHE STV D/ N E 2 FVW -8
TEERE TIX, 4EIC 190 GRB IS LT 20% 2
FE DRI E N Al EE72 R E O RFE L vk
ZEEEZDE. ZOMRED GRB DRSO LF
EDOAELEMERT DT H0 e E &t
WD ENghD, KERTIEE FHELHX 2
A CTHB/NUER LY & 61221 TRA
Bl CHEBLARER B TH Y . ZOREET
HI LR MESZICARETH D 2 &2V
L7,

26—27 4

SR SE R E O NG FE % i 60 B 72 D @
MEERE COmRCIEE T 2 EBRE L
T, EBRET1MBq @ Ba (350keV) D5
EHOW, Z2OTo~EEITa 7 b L
EH 90 EHMDOSL 0%RMNEELHT D
180keV >~ i 2 (R YE I E % 9k L7z (X
5), ZO XD ITHELZ OIEFITHRENTH X
MEHAO, LobE—LAH KE RN Y FERE
DOFHEBED S/NITUTVVIREE CIREYEHIE 21T
STz, DX DR OBRWEREE CORERE
BRI HE R T HRTEA RN, T ToMREE
FECITEE CTH 0 BB ER CH D, 1K
FEAE AT H TWO AR WS KE 2T s e F25r
CRICMERSELNTWD LY T —4 %
BTnDd (K6), BIFE, Mt & o<

FF74>0n

Lead . o /& pacifin nF7 4 v of
10cm I' s

?ﬁsmaq ! =
_'—"n.:'.

counts/s

=
=

C

30cm
i

; T

i b

1

1

. 2

\ V4 . 0200 400 eV
5: /£1X Ba(350keV) & AW T RT 7 ¢
Tar7 N oEHELS RS i EEo T
T ERETOREFERDO Y T v 7,
FIZFOHOZ RN X =27 ML Th D,
Sp8 EBRIZH~N S/N 728 10 {2 IREE %
EHLTWD,

2=y a Nl EITo TS, TD
TR TITE— D ARANRRKRELNY . AT
ThHRIKT < I S 6N
BIHNS ., 2220 OMBERE LN Z LT
Fox DIEBEBOBEMMNIE LW L 2R L, B
KFEBRTEH O GRBIEEDEEMEDOE S &
RLTWD, ZTOXICA A=V THE &=
FHWN TR ) 72 e BREBRE NI L 0 . R O
REREBRIZ N W T b /N2 O 45 % DRt
B2 EBTDERENE LD RN &
WZ L AIRTZENTE T, Zhudbge<
FHEL TR T-RETH 5,

S P 8. BLXOZ OMEAE - 1WA
I 28 TR A E L O E LTERR

Y FORTE Y FOEOHER
ﬂ 30 deg. ﬂ 40 deg.

b = 0.8
08 / 06

Modulation Curve

Mgt Odeq.

e \ /
0.4

0.2

Q= D.250074 1 0.010545

o Qﬂ[deg] 0 fa G5 6 i .gbI[deg.] 0 56 Gidey)

X6 : FEBrE T Ba Z W EHEES T ot
%%@%/JVaya/w T DORPFER, E

Tal— g I LEMNIRZTWA fﬁﬁ
SR al—va L bl L TMEARD TN
Do NET o~ RRORICEE . NGB DO 72
PHENTREENA TS D CMIEILIEZ 5 12
RATLEIN, ZOXIREREMY R £
NHVIal— g /T@*ﬁ TSN H] K
%goﬁ%i2&$fmﬁ SHND TIE

.E&%%“Xé
(BFZEREFRE
=)

Messams) GG 8 1)

27

1.  T.Mizumoto, T.Tanimori et al.
Performance of a New
Electron—Tracking Compton Camera
under Intense Radiations from a Water
Target irradiated with a Proton
Beam” JINST, 10, C06003 (2015)

2. T.Tanimori et al., “An  Electron
Tracking Compton Telescope for a
Survey of the Deep Universe by MeV
gamma-rays’ , ApJ. 810, 28 (2015)

3. T.Mizumoto, T.Tanimori et al.” New
readout and data—acquisition system

electron—tracking Compton

camera for MeV gamma-ray astronomy

(SMILE-TT)” , NIM-A, 800 40, (2015)

Q= 0.246775 '+ 0.017214

Qs

mnuu

ddﬂ

a1

FEor A K OV 24 (1T

”»

in an

26 4R

4. Takada, ff. 154, “Development of a 30
cm—cube Electron—Tracking Compton
Camera for the SMILE-IT Experiment” ,
JINST, 9, C05045 (2014),



doi:10. 1088/1748-0221/9/05/C05045
Y. Matsuoka, T. Tanimori, H. Kubo, A.
Takada, fth 15 4, “Performance of a
New Electron-Tracking Compton Camera
under Intense Radiations from a Water
Target irradiated with a Proton Beam” ,
JISNT, 10, €01053(2015),
doi:10.1088/1748-0221/10/01/C01053
K. Nakamura, K. Miuchi, T. Tanimori,
H. Kubo, A. Takada, M 11 4 ,
“Direction—sensitive dark matter
search with gaseous tracking detector

NEWAGE-0.3b> 7 , PTEP, 043F01 (2015),
doi:10.1093/ptep/ptv041
24

A. Takada, T. Tanimori, H. Kubo, fth
19 4, “Simulation of Gas Avalanche
in a Micro Pixel Chamber using
Garfield++” , JINST, 8, C10023 (2013)
doi:10.1088/1748-0221/8/10/C10023

T. Sawano, T. Tanimori, H. Kubo, A.
Takada, fth 184, “SMILE-II: Balloon—
borne Telescope for Background-

suppressed Soft Gamma-ray Imaging” ,
JPS Conf. Proc., 1, 013099 (2014),
doi:10. 7566/JPSCP. 1. 013099

(FR¥R) Gt 131F)

27 FEE

1.

»

S. Komura, T. Tanimori et al.,
Balloon—borne experiment for deep sky
survey of MeV gamma rays using an
Electron—-Tracking Compton Camera” ,

34th International Cosmic Ray
Conference, Hague, Netherlands,
20154 8 H

T.Mizumoto, T.Tanimori et al., “An

Observational Key to SN Ia
Progenitors: MeV All-Sky Survey” ,
14th Marcel Grossmann Meeting (MG14),
Roma, Italy, 201547 H

T.Tanimori et al., “Deep Sky Survey
of MeV gamma rays due to advanced
Electron Tracking Compton Camera
(ETCC) with balloon experiment” 13
Pisa Meeting on Advanced Detectors,
Erba, Italy, 20154 5 A

26 4R

T.Tanimori et al, “High sensitivity
observation for celestial MeV gamma
rays by Electron Tracking Compton
camera with a balloon  borne
experiment” , Technology and
Instrumentation in Particle Physics
2014 - Amsterdam, the Netherlands-2014
7 H

T.Tanimori et al., “Possibility of
deep all sky survey of MeV gamma rays
due to Electron Tracking Compton

10.

11.

12.

13.

Camera (ETCC)” , A Synergistic View of
the High Energy Sky (10th INTEGRAL)
Workshop, Annapolis, MD, USA - 2014
F£9 A

A. Takada, T.Tanimori et al.” Imaging
polarization measurement above 100
keV with a wide field of view by
electron tracking Compton camera” ,
Int. Workshop “X-ray polarization in
astrophysics - a window about to
open?” , Stockholm, Sweden, 2014 4E 8
H

T.Tanimori et al. “Observation of
Relativistic Electron Precipitation
using Imaging gamma Camera with
balloon experiment around the polar
region” , Asia Oceanian Geoscience
Society. Sapporo Japan, 2014 47 H
BARIE  “Sub-MeV/MeV H >~ HRELINIC
£ % Ta BUHH R O BRI T
HARRICFE 2015 FHEFHFE - KIRK
. 2015 4E 3 H

BHRE “HRaLsTFhorhxrT L ER
MRERFERR” | 2020 FFRDE T R LF —
FHWBES: : X B - T~ RO R
S« ISAS/JAXA « 2014 4E 8 H

25 4

T. Tanimori et al.” MILE-II:
Observation of Celestial and
Terrestrial MeV Gamma rays at Balloon
altitude wusing Electron Tracking
Compton Camera in the North Pole” |
The 21st ESA Symposium on European
Rocket and Balloon Program and Related
Research Thun Switzerland, 2013 &6
A

T. Tanimori, Possible high
sensitivity observations for both
line and continuum MeV gamma rays from
Super Nova and Remnants by electron
tracking Compton camera” , EUL GRB
Workshop 2013 “Gamma—Ray Bursts: New
Missions to New Science” Extreme
Universe Laboratory, Moscow State
University, Moscow Russia, 2013 4E 10
A

T.Tanimori, “Imaging detection for
GRBs with high sensitivity and good
polarimetry by Electron Tracking
Compton camera” , Long—term Workshop
on Supernovae and Gamma—Ray Bursts
Yukawa Institute for Theoretical
Physics, Kyoto Univ. 2013 & 11 H

«

R. Tanimori et al., “Observation of
relativistic electron and proton
precipitations with Balloon

Experiment around the Polar region” ,

CAWSES-II  Symposium; Nagoya Univ.
Toyota Hall. Nagoya Japan 2013 4
11 A



(ME) G 0fF)
(PESERA PERE]
OiiRdl Gt o)
Offsikdt Gt 0 fF)

(£ Dfth)

R brl— s
http://www—cr. scphys. kyoto—u. ac. jp/rese
arch/MeV—gamma/index. html

6. AFFERERR

(D) W iERE

A (TANIMORI, Toru )
KR F PR IER) - %

WM& - 10179856

Q) WFgeyinsE

(3) HHEAF I

#ZFF| (KUBO, Hidetoshi)
SRR GR BLEF SE R, - W R
WFoeE s . 40300868

B HEE (TAKADA, Atsushi)

AR R FRF PR EE I TE R - Bh#K
M7eE %S 90531468



