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Chapter 1

F

A
i)

ainji

1.1 CPIREFE K, — nOvvhiE

FHTWEOMFIZ B CIE, R E 2t REFASEERREE 372 L T0b, bb
AN BHEMIT LABEEZROEW) S LiE, ZOEHEBL 2L ZICRERPAIETHS L
WHZELZERT S, 250, ZOEROBEAEMEIIRFEL 2D, ZNIRFRHE LR YHE
BHE%23HATA50ICHGNT WS,

FHFYHOMFRTI (FbaEHe LT, EREEIE (C) . Z2HNEEEHR (P)., KM
L (T) D=1 H 5, 2 TOWHBAZIIFNE X FEIFICHT CPT 20 L TREFS L T»
BLEZLN, £72, TNEFTOETOERERNENEZIHL TW5D, [ CPEHIZONWT
b, FONBHIIFEHEENTVE EEZ BN TV, LA L, 1964 4£12, V.L.Fitch,J.W.Cronin
HIZ &) K BT RICBNT CP IHREISR S N7z (1o Bk, A OERSBI b T
S, FHEKHPEFRUNTIE CPIFRFIIRR EINTE LT, ZOREDEE&IITHL 2
STV,

Z® CP EREOMRDIBHICHR O AN RFED—2I2, K — tOvTBIBEORERENH 5, {ZHEHE
il L E, CPIERFIE Y + — 7 DRAZHET 275 OBERO—H, BERInEFHOI &
ICE o THBAENS, K — nOvrBEQRBSILIE, 20 CP IHRE/ST X —FnDHEICH
L Tn5E, SHIZ, HRFPOLDOBREN IREE LITEALTEENENDT, RESEEOHIE
DEI, nDEORFEIZDO RN D, ThW 2, K — nOuTEOERIX, BN TFHEBIT L2 &AD
T—RO—DLhoTW5h,

1.2 JtFiEHEE

1.2.1 XFHHBOEEM

Kp — tvo 0 S OB FEMEE 10710 -5 — [2] L EuAAKWO T, BRESR
EBET L7010, WIERICIEHVEENIERSNS, K, —» tOwrBBOEFIE, =211/
VONSEBRIICBRIE CERW2DIZ, BENLNSAHTF PoDABOND, 2O bEIE (7,0
~10"10sec) IZHET 5720, EBROES L 2y + nothing L W) T IRk B, —F, MBicA%
EUMEL LT K, - 7998 ons, CORBEOSIELIZ94 %1074 THY ., K, —» 70

17013 99% DREE T 2vICHiET 5




DRI IERTIERITREV, 2020000504 00Dy9 5, 200y kL TLE)
kL FNE KL » OB EFEZRICLY D B,

Ihid, 20 K —» nOrBEOREED 2O I IEREEOE TR R SULERT K Th 5
EWV) T EERRLTVA, TITWI), REKR L IIMHBIZAST A RFORICKHT S, BE &
NRVHTFORTHL, 2F 0, FREZOBRE, b L UTERO K — OvrEICHT 5
REEIL, BFRBEFEONEEICHKFE L TWDEDTH S,

1.2.2 ABEEOEEH

HFREFDONEEDORERIEL LT, 2200ELL2BENHETONL,

—O®iE. HTFIPRBEFEMOMEMERH LTI, TOATTLE)EVIBEETH D, HF
BT, AGEF OSBRI ERZ N L CEPIC ANV F -2 T2 L THRFERET 5,
Lo L, BEHAEFHOEEARETHLDOT, HIMETHEFRAZETICEFIENKITTL
¥ 9o ZTMIE—H#%IZ punch-through & FEIEIL 5,

Zooid, EHEER EIFIENS . AT EWEFORTEEOHEERTH L, OB
RATIXEFPERE., EFRZICBRINENG, ZRICE ) EFEFIEEREL SR I, 208,
BrRAEOERIZEL ) T DL AN F-ITIIHEREND, £ LT, FTPRITBEEO KA T
MY A LI D HEERE~NBED

TRALA DT OBEICIE, WEE OBICERMHEEERATBE W20, BFIERICALS
L2 EZzBmIUTAHIENTELRY, BF. BTEERBEEREZ T ) 2RFTiEH LD, £
NOIEFEAFHFID D IANT MK, MBS LTHIBRBRBICEET A LEF— 4
KT TR E D B Sz,

1.3 XEROB/

BRI R4 2EBRICI D, 20oYHEBRIFRICHNSN O IHEEERTH L, 21
WZ, YIal—Ya v CERMAEAYBI 2 ) YHBESR*EHT A ENTEL, JhICE
Y . punch-through IZHIRT ANEEZ REL AT LN TE 5,

—7 AEHEEH O BEDEERT, 4 % ASHET OV F — I8 BT 2 ROSKRIE DS
WESNTVD, LPLEDDL, M ENATRITOIRE & ETHREZFICERICE LT 0L
FoETE, ENPLLETTERAETE 2V, BTFRUEBORBREDOHEE B L 720I101E, FERT
HET HUENH L,

L7z, PR CsI ML, ZORMAC LY, Ky — rOvrBERERCHEAT 20158 L Tw»
%o EBL K —» nOwrBBEOREREZHNE L, IE SN TWAERICIE, KET <)V IFFERO
KAMI %£E L . BAOE T AV F - NEFFERED E391a EEREHET NS, ZOMWHFDE
BRC, fR: Csl 5 z P L LTHEATA2FETH 5,

REBROBIE, KL - o BRRERICER S CsI T lsn ., EBR0L LIrBsZ L
DR IR ICHERT 2 AEELWET HZ L TH D,

BT AV F AR, BEHBRICRVENET 5 h D,
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Chapter 2

EERDIFIE & KERIEE

2.1 EEBROFRIE

CDOEBROFEHEIL,
(1) TANVFE—DbP o TWAITF% Csl ICAF X,
(2) HEAHEERICHET 2 REEZOHEREL .,
(3) CSTICAB L= HF O THBIL L TREREES
ZETHbB,

(2) B LT, EBRIIC, LEHEEERICHRT 2R NEES%
(a) ABHETFO CLICHEE T AN —BEU T TH D .

(b) ZRFFELTHhRLED 1L EOHEFIREENS
LEZE LT

(a) DEUDPAEREZREZERTE25DTH S, (b) D&M, ZORKERIEME/EHICH
KTBLHDTHHENVIZLRERTLHIDTHD, Zhid, BEMHEMERI R 7-FLED) L
TARBFERIZVBLERIE. KT L LTEBOFRETIRIBEENIFERTH L LV RE
WCEITVWTWES, , '

(3) WCE LT, MBAHEMEBICHET 2 NEFELROEE . CsLIZAS LT OBTHALT S
BRC . AR ICHRT 2 RAEEROE 2 FORBPRICL > THIEL, Lo T, ZOFE
BRCEARRITRD S I, BEHEEMEBICHRT 2 REELO. CsLICAS LIz EToH, +
LT, MEAHEERICHRT 2 AEBELOBRERE, ©032TH 5,

REHOIE, FHLAEBREELZ LTI T, SHICELLEROFGHL LT,

2.2 ERESE
IV, EREBOBMEL RALE, ZFESITOVTHEAL TV,

2.2.1 FEEREEOHBE

X 2. 1ICEBRZEEONERZ /RT,
COEBRICIREMHEESICH S, BANF-ESHEEEHESZE0EF 70 b 0
YN ERE L2, £3. MERFDPSLOBEF 2 EBOEBRICEHZE S, Csl I A S25%F
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E— L ZHR LIz ZOXFOIINF 1L, KT B LABFE2HE TS, EBE% HIE
THZEIZLDEEL,

ASIEF & Csl DHAZMAENERIC & ) & Uz EFid, CsI o) ICBifg S h7ziifk sy v F L —
y— T L7z BEBOED T, BBENNLHFRPEFE2RET A0 =D v & —
rHEBEL,

2.2.2 ¥HFE—-LA

I, BFV 70 basiRBEPLOBTFE L2 EBOERE (70 1—4—) ICEHE I,
TOBRTOHEBHEFAL THFE-LEZERL 720 BTFDLAINF = Epporon it MEEED
HOBFDIINF = Epe b, HIBBHBEOET ORIV F— Eyggea® OV 72ME Eppoton, =
Eine — Bioggeat LTIRZ2 Z ENTE D,

F 413 90~1000MeV DZANF—DHKTTEREBI kol 2002, AELIANE
FOILAINVF—1L1100MeV, 750MeV ., 430MeV D=FHTH s, BFEY—LDAELVOE LT
1100MeV & 750MeV D & Z12ix 5 I U, 430MeV D & X132 I UM T, A VHEREIE 50 3
VB THDH, BFOLIINVF—H430MeV D& X112, AENVIBREZ-DIE, AFEFOIRIL
FBE2/NELTDHDOTHD, BBEIF1AELLY 5x I0MHOEFHT ¥ o— & — IZHBEHS
115x1M®%¥ﬁ¢&énéoﬁyl F—ZT7 VI AOEBETHERTEY, ¥— ALK

A B E S 13 1100MeV & 750MeV O & X 13 350um., 430MeV @ & 1213 200um O b O % f#
L7,

2.2.3 HEBHEROEFDEEEDAE

HENRSZ RS L2BROBETE, 9V T —DOTRICHABIGIC L o TlT, EHEZHEL
720 BHBDESIT11.7KG TH S, B THVT ONAETFIE, WEIC32ME (¥ 7wy —),
BREBIZSME (N XY T HT =)o RBYVFL—var iy sy — Tﬁﬁéhéoﬁﬁ®
BT —DESPRARICRLIZEZERTHAIEICE), BEFFIRE L2 E20EHT 5L,
FrrAT sy —IEER/PS, 155 32 T TOFEFHDITFLNTNS,

BETOROEBEICI VMEBENELRLZOT, ¥ XTIy —DENRZEL LAT, HlH
B 2RI LBOETOEELZ A LN TEL, ¥FITII I —DOFS 1556 32
TT, £, 90MeV 75 410MeV DEEIE X FHOBEFLAMIBCEL L) ICHBSIN TR,
FNENOEREIL 1I0MeV TH b, DFV BRI FU T ATV —DFSNEVIE, Lo
ANF - DFWHEFPHZ L2 EBRT 5,

2.2.4 CsliEs

COFEERTHE LR Csl fim DR 2 2.21275R T,

EERIZIBEOESFET O 7 h 5%, BFE—LIFEAFICHS L7 Ty 7 OHFNIEE
AT 2, 1207 8y 7 0OH A X 5em x 5em x 50em Th b o BATE O 50cm IHEHED
o2 Thy, 9HOT Uy 7 & TH2FY) T— VEFITHYET 5,

7D/7®%ﬂ%ﬂ6E&1&mh®t BHEENSO VB, FRZEY Y rFL—ay
K2 WET S AFHETDOCSLIZHEETZANF Loz ald, 92070y 7 THlES R

IN9FVTHT I —1DT, FFVTHI v —4 2% hN— LT3
2CsI DR IE 1.85¢m
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LIANVF-DOMTH S,

2.2.5 HEFRRHES

HRHEEERIC L VB SN PEFOI RN F -3, 2OFEBEDIS MeV HKTH S =
EBTFRENTz. SOTRNF —FHIC B 2 PEEFRIIE, (NP) BELIC & 2 KB F OB
BERRTUERAERD, 2D/, KERF2E LGk v F L —%— (NE213) 10 V) v
M7 VI=y ATTEMERRERICHA L, ZNICHEE sinch OLBEFHESL LD O
J72b DO REFREEL LTO bW, BROKE S3EE 20cm, &2 33cm Th b,

Csl et L )12, EAL EFMIC4fElSo, st 12 HOBHTHRHEELHE L, K2.312CsI 7
0y 7 e REFREZONERRE RS, CsIOFL1S, ZRZFROBKREE T TOMEEEL 20cm
Thb,

FAZMBEAER I & DB S B b TR, —BICH T 5 2 EDTRENTZ, 20720, Csl
70y 7 OMEIX, WD 2.38cm DALEAD, 12 HOFHEFHRBEORLICRD L) BE LS,
2.38cm &\ ) DL 9/7T MR ITHE L, ZOMBAAFHTO Csl loxtd 2 FHRETH 5,

BB, HHFBIEE TR L 72 = 2 )L ¥ — i Separate Gate ADC(SGADC) % b 5T L
726 SGADC L3, &EF ¥ VANVEBIT — P RBEETEDL ADC Thb, INLDF — DL
FAIVTE, WL F L =5 =P EDEFFESHRD TS, I D Separate Gate ADC % b
HWT, Self-Gate 12 L72EHICOWTIE, £4ZCTHL L BRS,

226 ANh—HhHJ HZ—KBRUY—ILK

FEXRYTHNY LI —DEEN R o TVBIZL b5, B CsLISEFAAF LT
WEDRBR (IRXFFLT) REOLT0I, Rb—hy sy —%BEL:,

TVT—5 —DRRICH B OO~y vy — (HU & HD) WETFY—ana—kKRET
51:0DYDTHE, HHFIZYF Ty vy — L ZHOMBICRBINN =Dy 5 —
(B+) i, 7V 2= —HTBI o ERDBER P L OBETF R RET 5, ¥ ¥V T AT v —
DHIEBPNLNE—7Y vy — (MU/D) &, BFIBEBCTELBEEFAOBWE, FF 77
7YY =D 5em LY, 3em KHIBT 272000 THE, ZZETORN—FY 5 — 17
TAF Y 7Y VFL—F—TTECT D,

KFE— OIS T, CSITTELN Y V¥ — (AU & AD) 2%B L7, AUIRT Y
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IT—=%—=H52m THiZH V), EZH 6cm, &S 10cm, & 12cm THLIZERE 3cm O RDFIVT
Wb, ADIZT V=455 385m FHlcH V., JEES 5em, B 10cm, §E20cm T, BEEH 2cm
DRBFFANT VD, THIZED . L) CIEROFLICAF L TVERTERRI N TE S,

T, HFE—LDPERENDLERE, CSLOBHLTHEDHMIESH Im DERTTEL Y —
VEDBRH B, THE, ERTREZEHY Y7 =2 5D0RFEN, THRICVWPZWE D LD 51E)
EVH D,

2.3 MUH-

FEZMF—E LT, Tagsigam b ) F—& EG-bar M) F—O_FHEO M) H—%2HEL
720 Tag-sigma b )7 —id, CSLIZAF L72TFOBEH R 57200 ) ' —Thb, EG-bar h
VH—R3REERLZ LDV E GO LI ICHERESNAZ NI T —T, BHRIZOMN)H—TIUESN
TBERIIOWTBI bz, :

e tag-sigma M V) 4 —
CRBEDEFIT AT DT NPIETTH L &,
- R =A T —IEFNR NI E
2 BERT 5,

Tagsigma = Z tagging counter e Veto counter
i=1,32

e Eg-bar b V) 7' —
CREDYFXF LT HT T —DNTNPIEETNHLI L,
cNb =TT F =D Nk
-CsIh |, E=LADIANVF =N LTHE—EDEGULOI AN F—HH Sk
Z & (Ecsr)
-

EG bar = Z tagging counter e Veto counter ® Ecgy
i=1,32

EG-bar + YV 77 —id Tag-sigma b ) ' —IlEc 2 2 S bR 72bDTH D, Egey DEMIZL Y,
EG-bar bV 7 —I121d Tag-sigma M V7 — X0 BEPICEZVEETREERIE TIN5,

EBRIZBWTIEIABEER L EMICFEET 572012, Tag-sigma b U H—EBFOILANF—73
1100, 750MeV D & {213 1/65 12, 430MeV D L JiZiE 1/2 2B EhTwb, ThiZL D,
EG-bar MV #'— & Tag-sigma b V) % — i ZFAREDLF —F — TEsGFEN 5,

R24I2ENZTNOM YT =BT 2, 57 OFFED CsIl TRHU SN2 ANVF -0 %
AT o Tag-sigma bW —Tld, BFE-2DT R NVF— IR LT, CsI TH TR IVF—HE
MENTWD, LHL, EG-bar b JH—Tid, Csl TEHEI SN S A VF—-DRNWERT % E
ATWBENGTPD,

o, INLOFEERINYF—IZMZ T, XFAZ VORED 72912 Accidental b 1) 77— % H
B L7z Accidental b U7 —D% 4 I > 73, Tagsigma P VA =D& A 32725 100usec
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Figure 2.4: Tag-sigma b V) %— & EG-bar ;M V7 — DEWV, EXAS Tag-sigma + ) #—, AXH
EG-bar F ) 77—, #thid CsI T EN/2 LAV F— T, #lhIsy 7 0F5, AFHEFOTL
VF =1L 690MeV 55 1010MeV, EG-bar + 1) 7—"Tlid CsI TEHHl S5 T3V F—HHEw, o
FOREEENPINEEEND,

BELE/Z, SNEZDI A IV THAENVONELTH Y, HD, %D Tagsigma b 1) F— %18
O LAFREIIMEEI ZVIL ) ICT 2720 TH D, 72, Accidental b V) & —D L — b BRI
RE—ADBBEIZHFALTHEDT, ZOMY F—IZEBIC L o 72FHH D Accidental 72 358 %
HHHL TS, Accidental b H— 13D 10%BEICR 2 L) IR S hTw5,

SIN#LE D RF 45 140MHz, 2% ) ¥'— LA OFET 2 MM nsec DF —% — 7% DT, Accidental b ) H— D% 1
IVTEY-LDY A3 IR,
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Chapter 3

BE

CDETIECI LY Vv F L —F—DL A NF - DEBIFICOWTHET 5,

3.1 CsITCEHIZNZ I ZXILF—DHIE
I, FHETOUTE b WT 9D CsI 7 T v 7 ORG24 ¥ 2B L. 2078, %

TFE—LEZDLVTIANF-—DBELBI 2072,
B 3. LICFHR CHIM B 7" A >~ 2 FHEE L 72 & S OEBONBRE RT,

Penetrating Cosmic J-on

g ! / CsI Block

< ; <“Plactic Scintillator

Figure 3.1: FHMBuR F2ME L2 & EOEBONEN, LT v F L — 5 —DESHFEEIC
BIERERTHIET, phFDPRERT 722 & 2HERT 5,

Csl 7\ 7 Y »F L= —OR TS, FHRLAT (ZOBE, 2012 L A LD MIP!)
D CsLICH L TZARVF— (£ 30MeV) # ADC THIEL., 2OY¥— 2 OfiE% HbesHEICL
720 BUB2ICHINMLS A 2 FEL 2O, £CsI7 0y 71200 TO ADC A% 7R7T . ADC
DIEERTAZ VEF W2 BOETH D, £3.1 ICADCHOMIP DV — 7 DfER 7T, ZhbD
fEiZ ¥ — 2 % gaussian T fit LTEOLNMETH DL, M2 X LIZ3%UTTH 5,

'Minimum Ionizing Particle, dE/dx &% ABELUEOITRI N F—% b ORFIH LTIH—EIR 5, LR D
A1, #300MeV/c Ll E,
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Figure 3.2: X B %0 4 » 2 FEE L 724D ADC DED 5,

LCSI | MIP peak(ADC-count) |

1 144
143
140
140
143
140
141
142
140

O 00 N & Ot W N

Table 3.1: MIP Z@IZE L72& ED ADC DED Y~ 7, EIZRFTAF VEF | 2HED LD,
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MO 7% LAV F - DBIEIRFE - L2255 0nTBI R o7, [3.310. EEIZ 500MeV D
HFE—L 2R L72LEDCIT Oy 7D ADC AL, EGS a3 L—3 3 2|2k ) RSkt
THRONZ CSIL TR END TRV F—DO5HE R, THITHTFY—LDAET S CsI 7 0y
71 20200WTHDIDTH A,

100 _E}nnlles"'{’gzj.[ ..... L.IX } U LI
Mean L1593 z
80 LRMS........ 612 .
60 L ,,,,,,,,,,,,,,,,,,,, AR— S——— SR R — I ’
40 [ S— S S S I T 1
20 [ S 3 Da— S—— .
S RO R S N R R N S,
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ADC-counts
800
700 E
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500 |
400 £
300 |

200 E

100 E
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Deposit energy at CsI(MeV)

Figure 3.3: 500MeV DYe-fF¥— A% AHSE7/2E 12 Csl TSN A XA LVF— 5%, LK
EEBIZE - A2 AT S THLN ADC D45, TRIZEGS Y23l —vavickhESR
72T RNVEF— D5,

MR 27 A0, 23— a il VELNFERYO CsI TEESIE TR LE—DfH
%, ADCOFHHETELZ LI2E DB, N33 £, ADCO1 %7 > hid 250KeV [2HH4 <
BT Ebhrb

3.2 HMEFREBTHAINIIIILF—DOHE
REETRIER THE SN A DT RV F — OBIEIZIE, 4.43MeV DVRIETH 5 Am/Bed% b &
>, €® ComptonEdge ZIET 52 L TBI %72,

CERMEERICL ) B 2BERE R EFICACERT 223 —vava—F
*Am/Be WHHRTFRETS 55,
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Compton BELIC & 5B F O T4 IV F— D443 Klein-Nishina DARICHED o #2T, Bo5N/2
71w b % Klein-Nishina D43, (% gaussian T smearing L, HEHEF L L THREEKE (b
726 ®) Tfit LT, Compton Edge (25 % % ADC-count # & H L7z, [€3.412., Klein-Nishina
DERXPLEIE SNz, 4.43MeV DXTHAF L L SICBH SN D TAVE-5H % 27T,
Tz, it Ik FEoN-07 Ty b —FI %R 351K T,

w
4

<]
n

@

Arbitrarily unit

e

125

25

— 45 ' 5
Energy(MeV)

Figure 3.4: Klein-Nishina DARDLEHE Sz, Bl s N2 T2V F— D5, AFHFOL
AV F— 4.43MeV DEA

2
N
L
5 w0l Compton Edge = 767
_§ ; ulSﬁu re/ndf
£ A =1.81
= R
10?2 NVL,
b A Lo
Ny R iRe
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. |
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ﬂ)ﬂl - l900 1000
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Figure 3.5: Compton Edge % ET 5 720 D fit O—1H,
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Z DT, RD72 ADC-count 7%, 4.43MeV Dy % fll%E L7z & % ® Compton Edge 2L ¢
% 419MeV 122 B X )T, TR NVF—DBRIEZBI % o72,

7220, SITRESNZIANVTF—OEEPHEFICH L TEIEATE v, ZRIEHRHETFE
KFET, BRY YT V-5 —DREBRPELRDLIDOThH D, 12721, FEFOIAVF—L&
M DOFITBEDEE 3] THESNTEY PEHETH 5MeV £ TH LT, FHEFI»HOHETII
IANVF—D 32 FIZHBITEH, /o0 BHEFOIANVF—255MeV # 2 25 &, HALIZHET
HENTh B,

CHIZE Y BRI L TEH 5MeV, HHEFICH L TIEH 10MeV £ THIETE 5 Z &A%
MO bz,

3.3 FEFIEHES TEE S N 3 EERIOEE

PEEFREBESEPSOH T % 2 DI2blT 72, 1 i discriminator (AL, FOH 1% TDC T
WEL7e FHEFRHZFCHE SN AR OBKIEIL, Tag-sigma b ) F—THLNBLPLE
Zholz, FHUL, Tag-sigma b U A —TEHESHEDE, 1ZEAENCSI TB o 2B *
T =DM BET, KTEPLTHE, LT ZOHTOHBEILTRT, Tag-sigma b1 7—
TEOLNLFERIIOVWTDOLDTH S,

X 3.6ICBM &N/ f )V F— & TDC DEDOHBEM ZRT, I Dkm TliftEo TDC OED
X EIZIEEBR A2 W,

INERBE, TAINVF— DFDHS/VAE TDC OEICHENED L Z EDbhb, ZOM
EOBMRIZ, UToRTEEINS,

A
TDCvalue = Wil B - Energy + C (3.1)

A, B, C. BEOHAZEFHORMTH 5,
TIT, ZALE— & TDC O OMHE% BT 28712, TDC DA vy FEEREV LT
V25, Constant Fraction Discriminator (CFD) (22 B $ %, Discriminator {2 CFD 2% %
WRBHIZOWTIIRETEFEL { B8R5%, —#%IZ Discriminator 12 & 2 T/SIVADEY L I V7 %
WET 5 L&, 205437 VAL o THBERITLED (M3T8HR).
CFD (Zid, SO/ ARDENZ L 2EFOHT Y 43I Y7 DXL (—fIC Time walk &I
Z)) 2l TEERH S, FOHMAFE 3.812TRT .

Y AFNINVRAEZDIEDIT S (NVAFD Vy)o € LT, —HIZNNVAFD—EDEIG DR
RVo7 1< < B & 912, M IR S ¢ 7 SV AR KV IS 2 B £ 9 IRES L o E1E T
ODNNVAR R LHbEDLE, ZODWUEHEO/SVAIIRY, POEIESVABIZL LT —ED
YAIVT B,

ZOEIVAE, DENIAVE-NE ST, ZOMP Y A3 VI HA LIRS CFD %
BHRLZOZR, TN TOIANVE—IZL 2B TEIIRIT 2\, ZOREN3IRDE 11H
EE2HIZHODLN TS, F 1T, SVAFBICEAY A I V7 DXL (Timewalk) % H 5
PYETH 5, CFD IEBEL A L EOFT E Tlt, ZOREIFERITEHTI BV FANT
DHIdHHNT VS, H2H . CFD OXT L LHFATNHE EEHEbTHTH b, [
3.8C Summed SV ADSEOZ %D E ZAHNCED OHEH Y A I 277505, #0F T L~ULEEDS
AL TR EAVARIZED 5 43 ¥ 7 D d,

YRFABRIC 2 ST R UF — IV 2B HHET 5
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Input
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Figure 3.8: CFD DH/ID 5 4 I 2 7 H5, 7SVAFIZE 5% 7 A4l A,

BACHIIZ . BEOKIEIZ IR TH L b ENEE TDC DE,SHFIL ZETBI o7, OF
D, BESD TDC Ofild, B ¥ 7 — DRI ORLETF. LFIES > F L — & —I12F
ET S ECORITEM &, BETARFORITHBOZELHObT o Lich s (2 THE. 2h
L ORADHAE— 2ITEFEE R, 250, BEBAGFL &V IREND ). H3.910, 8

EHRDOITANF—L TDC OfE L OMBE % RT,
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Chapter 4

INIV RS &€ FA U 7o FREF DR

FHFERTFETITRE S Y F L= —DO DRIV AR RLR D, FOWRETEOEEF]
RL7PETFORINE, COEROBFTOTTEELZEA 2 EDL, 2T, ZOETIIBTD
AERELE LT, SVAREOECEFIH L TEEEROLF 2S5 hlF2385T 5 HEZ 56
ST 5

4.1 BEDF L —a2—0OFILE

BERS T L= —DODORBN/ IV ADEER E LT, #0700 ZDBS I IRFER R OV B
FERWES O 2EENH L ENETOENE, ZOKMIE. WETHOSFOEHOMRKED
MEERICEVHEHTE S, [4)

YrF L= a v HEAF LB TIMEFOS TR L, FrEEIREICERT D L
ST END, WY Y FL—5—12iE, BRICFESTHRRIREE LTAE Y250 O Singlet
KREL ., AEUH 1 O Triplet IREEDSH D, ZDH 5, SIRED,S ORERBIZS 7 F D
F—=F—ThsHHM. TRELLOBBERHI< A 70X I FOF—F —Thb, TDHH Sk
PO ENE D, BERBMOBVESE LTEST S,

=75 THREP LI ZORERHORIOD, HiE, XL ) EERE~NBRT LRI
Bvso ZORIC, MO THREIZH 25 FEMEERERI L, Z2heh, SKREOSF L HEER
RBOGFIZEBET 5o £LT, 2O SKRENPSKIBEENE, 2O TREIZH - 5F55S K
R TELT LMD, BERBORVWES 2 HHAT 2, ZORERBOEVES PRI
LEIGIE, TIREBOEED 2 IS 5, 72, FFEMHET 2WEBHT O dE/dx DBV E
&L ST RhREO TIREOHIIZ 5,

4.2 HEFERFDINILZFER

PHFERFETRBEEY F L —F —TORLBENELR D, FORKBROENHTH K
FKDENE L >THLbNA,

WY T V= —CEBRIANVT -2 F L THENTIE., PHETOHE. (NP) Bilr 50
KT THY ., BFOBEIIHENE, a7 b VEEL. TERSICLVERIN-ETTH
5o BT LEFTIEZOEREDECDS ., BFOIE)MELNICAE/dx ATKE WV, TDI L EH

VERZIZE S I EERE TN
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HORAZEETHE, BFENLTCIZANVF— 2R ETHETOR VR, EFE2NT S
HFEHBL T, BEREAOREVWES 2SI 1225 (M41)s ZORTEFROE NS FH
HBLT, BPlFEETFORNEBI 2 o7,

— Time

Output of
neutron

Output of
photon

Figure 4.1: 7V A DR 2 RSB, PHETOHI OV ADIZ ) HHIERR O E Vs
A= R T

4.3 HMEFOHRAE

4.3.1 2EBEOEOELZ ADCH—M &bbuL/HEE

INWABEROESEHH L THEFEF2RIT 572010, dHETHREZPSOT7 F s H
%2250, TNENEZWDEL S ADC ¥ — b+ THIE L7s 4 — b 1Z Gate generator THE
ENBLD, EDEZAIVTIZCFD OOBNITE Y dONE, DF D, SVADELF 13
YTZHDLETT - PO I Lz, THIEHHTFIL BT A I VTP, FOLRLF—Z
LVEALTHNHTHS, CFD 2 HHLDIE, =P DI A I VT INABIKS LD
W5 5720 ThHb,

ENTNDOT — b2, 7SV AUTxLE 4.20 X 9 123 E L 72, Gate generator A% 50nsec £ 0 b

RAEDT = 2D b ENTELRDPS72DT, = DF LI V7 % 40nsec RO BH T & T,
EHMIZ 50nsec £ ) bERVIRZ RO — P LR UHEDPZOND L)L, FDOY LIV T %
Bz, EEW%Y — b O 35nsec & 200nsec TH 5B, 7 — MEDREIZOWTIERK
INEICTHAT 5,
4.20% T, Wide gate DSHHEFD 5 DIV R EFTFH DRIV ADTH % & DIk
L. Narrow gate I TI3/ SV AASELEITHE L TWie vy, DF ), Narrow gate Tl /8 2D
BB OEVES % . Widegate TRV T TED/HEHEHLI LI EEER-LTWA, LU
T\ Narrow gate % & 5\ THIZE & #1172 ADC OfE% N-value, Widegate % b 5\ CHllE &7z
ADC Ofi%z W-value & L CEBH%E LT <,

K 43122 0FEEE S BT, Am/Be MED» S OKF, hHFEBIE L7 & & D Novalue &
W-value DFHBEKI % 7RT
K4.3TiE. HoRIZ, FHEFOMD EXRTFOMPDPL %5 2BEOBRIRZ 5, W-value 25 U
%613, FHETFOHTIO N-value DIE ) AHEF D N-value IZHRT/IEWIET TH B, 250, F
HOBEPHETPEDHELREHODbL, EHOBIILFIPLDEREZEL TS, F72, W-value
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Figure 4.2: 7V 21Z39 57 — b OALE 2 7R,

g

g

g

Narrow gate value(ADC-counts)

400

200

8

0 a0 600 00 1000
Wide gate value(ADC-counts)

Figure 4.3: Am/Be #iE7 5 OXF, FHETEEE L7z & & D N-value & W-value D,
N-value, W-value (£ Z#, Narrowgate. Wide gate & b 6\ Tl S 7z ADC D,
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Figure 4.4: Am/Be #IE» 5 OXF, hEFZHEEL 72 L X D W-value 1253 % N-value DIt
(N-value/W-value)o N-value, W-value i1 24, Narrow gate. Wide gate % & H > THIE &
72 ADC D1,

BZEDEZED L BRUDIINTFEHLb L., EHOILSHFETFEHObLTNAE I Edbdr5b,

4.3.2 S —MEOZEL

COMEITIR, &7 = MESS, 5 EA) OFO 40nsec 5\ flE S — F OIFE LTHo
T %, Widegate DIRIZ/SVADPETEE NS L9 200nsec IZED 72, Narrow gate DIEIZ
LCix, fE% 20, 30, 40, 50nsec L ZEX TV &, Am/Be S0 5 DON%F, hEFEHEL &
& ® W-value {28 7§ % N-value D }t. (N-value/W-value) %5 B#EL RfED o720 2OREE N
45127577,

IO ZEHiEiT 5 & &2, UToX) 22 HW,

mean(1l) — mean(2)
v/sigma(1)? + sigma(2)?

mean(i), sigma(i) iZ. FR % 2 DD gaussian T fit L7z& ZIZBESNLFREFNOHME
(mean) &FHFE (sigma) THDo ZOMHIAIVIEE, HREFBERTVHEVI L E
Yo

FEANKHDEEZRT, Th XV, Narrowgate DIE % 35nsec IZEEE L7

Separation Factor =

(4.1)
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Figure 4.5: FHFIRIEET Am/Be A5 OXF . PHTEZRE L7z L & D W-value 1283 5
N-value ® t, (N-value/W-value)o N-value, W-value 3% 12, Narrow gate, Wide gate % b
LW THIE S 7z ADC Of, /£ 125 Narrow gate #8% 20, 30, 40. 50nsec & 24k X & CHlE
L 7z k g 0)0

Narrow gate width(nsec) I Separation factor—t

20 2.03
30 2.69
40 2.55
50 2.17

Table 4.1: % Narrow gate DIRIZKTT 5, SREET R,

29



4.3.3 NIV ZERDEVCOEIELL

BIZNET TRz & 912, W-value 128N 5 N-value DI ZELA Z & T HHET TR T 5
ZEIETES, Ll K4.61cAD & 512, W-value 204 5 N-value DHIE TRV F—12HF L
T—%E T7% V3, Narrow gate & Widegate DHAST AN F— 128 L T—E TR WHEANL, K4.312
HONDB ZODBHFEIIMAT > TRE RS THE, 2% 1, Narrowgate & Wide gate DI %
FEHFORNOTEE L THVE E, ZORINT HEH4%2 ANV F 128> TP CE LT
PRITNER LR, 22T, PETLATORIOEEEL LT, LTO L) 2FIETESND
fEz b Bz,

Energy(KeV)

]
g

3000
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. . . I
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narrow gate value/wide gate value

Figure 4.6: Am/Be #i205 OXF, #FHEFEZMEL/2L ED, ZHNVF— L W-value Ix1T %
N-value D OB, N-value, W-value iZZ 121, Narrow gate. Widegate % b W THIE
&h7z ADC Off, |

(1)N-value & W-value DMK (H4.3) L THALNE, BT L FHETHET HHEDH.L
ABETAHLIR200MBERET 5,
) FEEF200BBOLELLIGEVWDIREE LTHL DT,

COLHHESNAEEME) 2 LT, WAV Y FL—F —ICASHT HHT ORI NF—I2 &
59, RANT2EMGZROLIENFTEL, UT. HEZE- T, PHTLATFEHRINT HEED
HHEEZHHL T,

(1)N-value & W-value DHERK (X 4.3) L THONB, HFEPEFHIRTHBENFD%E
BBT L8 2 00BHEERET S,
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47ROV AZRDTERE (W-value I2HH24) %W, Narrow gate 2138 13 Wide gate
WZOAGEIENDNNVAOEFTOEBEW (TR EOHS) L Lz &

W= h- (ll + lz)
2
h-z? z? z2
W’ = = = —
21y w 2-ly- (I3 +12) w L

::fL=2-l2'(11+12)

% 5B, N-value # N &5 5 &,

N=WwW-WwW

.’132

=Ww-1--)

EV ) BIRAEY LD, x DSETH UL, N i W 2B L Narrow gate D1 & Wide gate @
EDQHBEARIZ BT, FERITHEHRZ KT, LA L, x1d Narrowgate DF 4 I V7 I BIT5 D
DTHY, 31X THSH L 12, Narrowgate FED L TVW% CFD % 4 3 ¥ 7 I3 L3 V¥ —
WEFELTWS, x 2531 ThHobans & LT, ERIRAL, BROHEZHYERL &,

N=A+B-W+C-VW D -W?+E.-W?"? (4.2)
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Figure 4.8: Tag-sigma b 77— & EG-bar b 1) 7 — TNESIN/2FRIZOWTD N-value &
W-value DB, N-value. W-value |&Z 124, Narrow gate, Widegate # d bW THIES
72 ADC OfE; EB%® Tag-sigma b U 7 —, FRIAEG-bar b ) 7'— CINE S N72FEHK, Tag-bar
FYT=TRPHEFIIR LNV,

RIZ, EG-bar P U —TIEL72FHE b b WT, BT O A% fit L, B0/ 5
A= %1872, [M4.912, EG-bar M ) H—TIELENFHRIZOWT, Tagsigma b H—25
EANTBIED O DR TAVF - OMBEERT, &I T ) FlkE 13 4.8 DHEIZ I - 7288
MTH5H, EG-bar M —TINEESNZFEZOPIHRFAFEINTVAEY, MFOEHL D
bTIEH DLV ) FHTHETEEA,

EG-bar b V) 77— TIUE EN7-FHLRIZDW T, N-value & W-value DMHEE D 112, Pl EDKF
ETRONLCIZOOMEEZT Oy b L2 0% K 410K, Zo0ME iz, L(FEROE
HBELTWLZ DG hb, T72, K4.111C Tagsigma b U H— TIUE S N-HEIZOWT,
BB EEZOEHEL . LAV —OHBERERT, EXVEEE LTEREEZ bW ZDOHTH
D, BN 4A2KED LWL EDORTH D, INLOROEKE LS D, 4285k { ERONH %

32



/\ _]I T T 77T L L UL T T 17 |l|l[|||l T 1T T

- a z

S ; 5

5000 [t S— - T

= r . A

&Q L

5

S |

m‘woo I SO SRS S PO TR L0 S P SR U UURRUURD SUURY SO SRR SR SO SURSUUUN SUSTUIONN
K L MU o R S
I e R o A
1000 [ LSRRG S S S e L

AI 1 i | i L1 11 ||||[|||\ ll\!lll|l Lot 1 1 lVPIiI\!_
-30 =20 -10 0 10

29 30 40 50
Distance(ADC-counts)

Figure 4.9: EG-bar M J % — TINE I N/HRII DOV T D, Tag-sigma M ) H—7HiEH» 75
Br o ORREE TA V- DMK, EREY D TICH2ERZSTHFEHLDT,

33



BELTWAZENDbPD,

T T T T T T T T 7T T T T T T
1000 | S :,A......4...A..,.A...,..A...SA.......;.;.;.........A_,“A:,,....,..............“.A.AE ........................... pree —

800

600

narrow gate value(ADC-counts)

S
4
=1

200

L 1 1 ] 1 1 1 1 1 1 1 I il L L
1000 2000 3000 4000

5000
wide gate value(MeV)

Figure 4.10: EG-bar b U 7/ — TIUE S N72FERITDOWT, N-value & W-value DHHE &, 2D
2HETHEBDT 2y b, N-value, W-value iZ% 21, Narrow gate, Widegate % b 5T
il 7z ADC D,

Q) ERFEESOBBISEVSEIEE LTH S bF,

T LT ERNT 27200RBEE LT, UTOMEL v,

thoton(W) -N
thoton(W) - Fneutron(W)

ZIT, thoton\Fneutronbi\ ThEN, KF. EI*I&—‘E%%&%#O@‘I?@&“C\ %%{O)E—E%% (W\
N) & L7zo AUN Ofild, ZOEZPHRTEH5bTEBUSEVIZE LISET &, #HIZkF2z
HobLTEEICEWEIE 0TS <,

41212, EG-bar P Y H—TINE I N/-FHIZOW T, W-value 123573 2 N-value D} &
AUN, #NFNRIZonTZ A VT — L OHEEE 5T,

AUN. =
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W-value (%9 % N-value DI T AV F—12xF L T—E TIE R WA, AUN Z TRV F— [TKAE
LTI e hd, 72, 41312, 4122 2NENOEICEZ L2 0% RT,
4.15XTE S N5 separation factor DERfE ) &, AUN 12D\ Tid 2.26., Narrow gate & Wide gate
DEDHIZOVTIE 174 LW ) EFBRLNZ, ThE Y, REFRIOSHEEE LT AUN ©IF
IVENTWDZENDYL, UEDZ LS, Z0 AUN 28V AR FE L 72 F3k50
DIFEEL LTH BV,
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Chapter 5
BEAT

EG-bar M Y —TEIN2T —F IOV THEN T B I 2\, EHEERICEHRT 5 REE
ZOREFTHE L2 72, EMHEEMERICHET 2RNEFEROBE BELT 572012, Tag-sigma
M —TREEINTT =555 CsLICAS L7z hF oz RfEL o720 512, 12 HORKHKY
YF L= AR OLEE, S EEHEERICHRT 2 RNEESORESIER R
RfEd o7, -

51 IRELAEF—4%

WELZZFEROKII, BEFE— 2D R NVF—)7430MeV D & X 73749,743, 750MeV D & &
% 2,865,537, 1100MeV D & 436,887,217 Th o720, TN DI 5 HETIUE SN,

52 Eb—HTa2—-l&BHY b

T RETLERTE =Y V8 —DEMDPPRoTHE I LIL, HiEDEBY THB,
FNIMRAT, T BN T AEBETCEr—h Y V7 — &SI LWEERZER L. 29
THIET, BFE—ADCSIICAGTT AT L OMEREZEDOLI ENTES,

BRI, ETOXFEP—AT 25 —DEH, T A ¥ V% gaussian T fit L7z& &DIE
BREAEDIHELIVIEINVIERZERLZ, TOFEFICEI), BFE— LD R ILF—%7430. 750,
1100MeV TRE SN/ T =2 1220V T, ZRENREED, 92%. 65%. 55%DF% - 7=

LTFO@BITIE, TOHy b TR ELICOVWTBI b,

5.3 JXRMHEEERHICHETA3ARABRERFOHOEEL V)
COHITIE, MBS ICHET 2 REEROH T RED 5, 20O5LME., £2 E0XEM
HERICHRT AREEZROERIHE I DOTH 5,

5.3.1 XEMEEERADORE

FHMEEROREIL, BEHEER» SO XNF& L TR SNEPHTFEERTLI L
TBIolz, WHTFRERT H5M4E LTI
(1)SGADC % & 5\ 727V A FACK T 5 54

39



(2)TDC % b 5\ TR - FATREENI 3 5 504

ERLTCo TANVF—HRIZ, 2O 2HEOEMFICHE L TRE SN S, BATEBR ClEh TR
s TRl Sz T AV F — 120 L CBifE % 200keV IZREE L 726

FEERT LI, 24, EORBETHEPHRTERS T, RAINERFRLLDHT
BhrEEIND L HITL T,

(1) 780V AWTATKE T B St

PV AWTAZRTT BT, IETHB L AUN 25 bz, M5.110, BFOI AL EF—
A¥430. 750, 1100MeV O & & D, AUN O5AG & Tk B O &tk % /RT, FEITRT EDS, £
NENERETRTH S, ZORIE, FHTEBEELDIC (2) RTRITEMICH L TBI 2D
ERELIBOSHTH D,

- 1. | - 1

.“, | B

J‘I . 4000 -1
.l HﬂuJ Li _ T RH
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Ee = 430MeV AUN Ee=750MeV AUN
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n-l_‘_’_g_!-_o.S""ﬂ" ‘ Iﬂ.5‘ ’ bil‘ l.5“l.2 ’ '25 ‘3
Ee = 1100MeV AUN

Figure 5.1: £ LD LEF DT AN F—%H%430, 750, 1100MeV D & D, AUN D454 & i+
kBl O St

FHFE2ERT BHEMIEEFOTRNVF D430, 750, 1100MeV OHBAIZH L TES1D LD
IZEDT2,
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Iincident Electron Energy(MeV) I AUN condition

430 0.6 <AUN 1.6
750 0.7 <AUN < 1.6
1100 0.7 <AUNKL 1.7

Table 5.1: B FDILAIVF—%%430, 750, 1100MeV OHBE5D ., AUN IZHT 5 FHT 2 ERT 5
&

—FBEU:%%O) E‘_‘ 7 755 % 20phot0n Kjﬁgl?— éﬁ'g“(ﬁ) V) N _tlgﬁai EF"L&._%OD ¥— 7 »» r9 20neutron K#‘E
%ﬁ—%'fﬁ(&%%o aphoton\ O-neutroncj:\ %h%}n\ 5.1% 2 1)) gaussia.n ‘(\‘ ﬁt [/f: &: % @%&
RETH 5D,

(2) FATHERIC S 5 et

HFHEFIEEZRO2O, RITEEIIERICH 2V, 20720, T EXFE T, CsI 2
LA T CORITRHARE R S, K53 1M ET 2 hEF RS E . FIE T
B TR 88 T S 7R T- O RITERL 0 046 2 77§

B v T — DRI L BHTOE— 27 L35I, Honsec BN THEEFOY - 9B3H 5T &
Wohoo &P LOBEL VTV -5 — CRITHBENREZ 20T, FlEFOE -7 OfED R
%5,

Tz, FCHHFRERTOPRETOIANF—ICL Y HESNARITERIIEL2 S, 250,
FRATRERION L TP EF 2 R T 256813, ZAVF L VB ECE00Z Y4 TH S, 5.3,
K 5412, €N, & FOITALE S 2 PR 27 CEIE S M- RATHR] & =R V¥ — D AEHE
Bzmrdo MPOBICEENZESD, dHEFEERTLHEBETH S, ZORIE, AUN IR LT
e BRLBROMBERTH L, £720 BAENZEMGOTRMEE £ 5212577, AUN ISR L
THHFEZERLZED., BHY Y7 —ORNLPS { BT ORITEE A8 DIER(R 134 1nsec
THHEDT, KFDRIARTIZIZRVEWVWZ D, LRI, G, POICEET L PERTREES
IZxF LT, ENERN, 30nsec, 20nsec & L7z, Tid, H53.10FEEFOY— 705 2012404
TEETHDH, RATREISHT 25813, BFOIAVE-2L6F—EE L7,

ERED (1), 2) O&BEmALbDE, PHTELTERLE,

l Energy(KeV) i At end(nsec) ' At center(nsec) |

200 - 400 10 )
400 - 600 7 4
600 - 2000 6 3
2000 - 4000 5 3
4000 - 5000 4 2

Table 5.2: RATHERIIR L CHEEF 2 ERT A7-00 T RE

VERIERTFORITRBE OETH L, £3EE3HBE,
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5.3.2 NBEMEEERICHET 3RABEROH

TR EMERICHRT AARKEZZEBINT 20 0LM40KY) D—o2ld, CsI TEHAl SN/ T
ANF=DRHEUT THL L) EHTHL, R Ed =Dl FHA M Shi b ) &4
TRLZEED, CI THRAIENZZANVF - D5F %R 5.5, 5.6, 5.7127R T, K55, 56, 5.7
i, ehEn, AFKETFOIAILF—2590~330MeV, 340~650MeV. 690~1100MeV 122\ T
DHAT, 80MeV ZTEIZE LD TH S,

INHDORT, RELAZBMELD D CI TR SN T ANVF-PROEZOED, HEHEE
TEHICHET 2 ANEEROETH 5, HL . AFKET O AL F—)T690~1100MeV 12DV T,
Csl CEE SN ZANVF—H1IMeV A TDEZATY =2 SR ENS, BEERICOWTOE
BIIRETHT H0, ZOC—ZEHBRFERICL LWL . BEHEEERICHET 2 AKRES
WL BHRRED 2THEENH L, L oT, Csl TEREl SN/ A NVF -7 1MeV LT OEZOEK %
BRICHR LT 72568, IMeV LEOFALMEL T 1IMeV L TOELROKZ B o 54
ECAREZRHEL, ThEheNBEED LRME, THREL LTREL LI LIZL, AFET
DIFNF =% 340~650MeV 122V Th, FiZ IMeVUTDE I ATEY—Z TR SN VDS,
ZDF=FIZOWTH BRI 720 ABHTFOT RV F—23330MeV LT IZDWTIL., HistE
BH w7z, Csl TR SN2 RV F— 25 IMeV LT OFELEOME BMIZ KL T -850
NEFROBPONERLEH T BT L2 L7z, £5.312, CsI TEE &N 72 T3 L F— 25 IMeV
UToOELO¥E, B EIF 728546 E . IMeV UL LD 544HE L T IMeV L FOES D
BrREL0GA LT, Gl TRl SN2 VX — 1234 2ME% 1IMeV., 5MeV. 10MeV
WCRELIE SO, HEHEERICHRT 2RBREROHE R, CsI THHU SN 23 L F—
A 1IMeV LT OER O L. IMeV UL EOF»H4MHE L T 1MeV UTOELOK % RIED o725
ATH, IMeV U LOREZHIZZDF T2 T 72,

54 CsIICASUEXFOHORIESL Y

CsLIZASF L7 F D8I, Tagsigma b ) A —CIRESNEZOBLZEFOILINF -3
1100, 750MeV @ & 1213 65 f, 430MeV O & Z I 22 L 72dbDTH D, £ 5412, AFT
ANF—FD CsL IZAF L7 HFOHERT,

5.5 IMAREERNE > - ERICHT 3R MR

HHAAHEERME 722 L, PlEFERBT A ETRET 5, LA L, BEFHREBOK
HEEIL 100% Tid %<, CsSlD@VAAEE-> T Wh W, 2F 0, BMHEEREBI o725
ROETERET 22 LIFTE RV, 22T, SERHEIERAIE > 2FRICHT 2 REia)E
12 EDOHPEFREEE D BHETFIN OB ENLDODE VI SEENSEHE L, FHTFI Y
b =Dl ELERLE EOBBEFNL, LEEDSF % poisson T fit L2k DT
EEuET 2L, DTORDPLELNL,

n=1—exp(—p) (5.1)

i PE A DX PWNE S
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) Direct counting Extrapolating

Incident Photon Energy(MeV) M5 TN eV [ 10 MoV || 1 MoV | 5 MoV | 10 MoV
90 - 170 2 15 28
180 - 250 0 5 12
260 - 330 1 1 2
340 - 410 26 110 280 157 | 99.7 | 269.7
420 - 490 10 36 80 4.7 30.7 74.7
500 - 570 11 23 38 1. 13. 28.
580 - 650 5 8 13 0.5 3.5 8.5
690 - 760 17 30 38 1.9 14.9 22.9
770 - 840 14 24 27 1.3 11.3 14.3
850 - 920 12 21 27 1.9 10.9 16.9
930 - 1000 15 20 24 1.3 6.3 10.3

Table 5.3: HHFEIZR LAz L &2 Csl TS N2 TR VF =% IMeV U FTOELOHE . E
B BAET7258 8 IMeV LEDOFH P HIHEL T IMeV LTFOHZOMZ RED - 12580,
B S N7 EAERICHR T 5 NBREROM, CsI THMl SN2 T V¥ — 233 5 Bl
IMeV. 5MeV . 10MeV IZ2WTRT, HF-0 T3V F —53330MeV LT TR A A% 127280
HHEIC I 2RBEODII LTV,

ZEEFPYUORRIZEIBRIRIEINDL EEZ SN-DOT, fit ILEEN 1 LSRR

LTBI o7,

AFHFDITINF - BT 5 Csl TR SN/ T A VEF— Eo g OHA04 LT &% 54
B (Ecsi/Ey < 0.4 . LT tailregion &IE5) TOFMFRHEOLEEOH A% . 5.8, 5.9,
5.1012BI/RT B0 ENEFNORIIAFHFOIANVE-ThIF5NTWS, L, AFHTFOLT
ANVF—=73330MeV UL TIEMETES D Wiz, eI 2D,

72 B5.11, 51212 PHEFRIMOLERE D554 % poisson T fit L7z & & DFHELD Egyr/E,
EIEFEE R SHhERD E5D LIS, Egsr/E, DA 0.1 LT TRRUDEN TS, A
BFRFEZIZL D00 EBIIRBIERNT Ao T DD, ELLNICKIELT 508 L E
HBrL72o 22T, Ecsi/Ey <04 OFEMCTRED - -MHEIROMHEE Ecsi/E, < 0.1 O
TRED > RIMFIEOER o TARKED LIRMEE TIRAEZ BAED 5 L1 L7, E5.5, 12,
SARPHLRMEY b7z, ARKTFOIANT—ED, SHAHEEANBZ - 72E5 00T A
DEERT o AFEF DT AN F—27330MeV T 1M READ 2\ 72, Eggr/E, < 0.4 D
BTRED o 2RIBIFEOEN A% L BTz,
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uncident photon Energy(MeV) l Number of events |

90 - 170 315,465 ( x 2)
180 - 250 168,131 ( x 2)
260 - 330 111,180 ( x 2)
340 - 410 327,987 ( x 65 )
420 - 490 246,839 ( x 65 )
500 - 570 209,672 ( x 65 )
580 - 650 175,615 ( x 65 )
690 - 760 532,538 ( x 65 )
770 - 840 455,977 ( x 65 )
850 - 920 418,654 ( x 65 )
930 - 1000 369,131 ( x 65)

Table 5.4: CsI IZ AT L7230 F 0%

. n

Incident photon Energy(MeV) Fow /By < 4 I Fost/By < 1
90 - 330 0.39 + 0.03
340 - 410 0.423 + 0.004 | 0.36 £+ 0.01
420 - 490 0.436 £ 0.006 | 0.41 + 0.02
500 - 570 0.459 £ 0.009 | 0.33 £ 0.03
580 - 650 0.483 £ 0.008 | 0.38 £ 0.04
690 - 760 0.457 £ 0.005 | 0.36 £ 0.02
770 - 840 0.476 £ 0.005 | 0.32 + 0.03
850 - 920 0.475 4+ 0.006 | 0.33 £ 0.03
930 - 1000 0.475 £ 0.006 | 0.31 £ 0.04

Table 5.5: Ecsi/Ey < .4 OHEIBE, Ecsr/E, < .1 OFEBTRES Sh/z, BEMHEEIERD
o 2BERICHTT D IRIERIE, AFHLF O L F IV F =75 330MeV LTS240,
Ecs1/Ey < 0.4 DFIHTRED o ZHRHROBEOARE S BV 5,
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Chapter 6

ERERIINT 5 EE

6.1 ZEFDIXRIF—H 1100MeV D& XICINEINAERICHT S
EZR

BFOIANF—H1100MeV D & ZITPWESNFHRTIE, METICRONS L) 12, i
FEERLZEEDCI THUEN2ZALVE—DHAT, IMeVUTOEZAICY— 2 HH 2
Ho UTF. COFHTEEFOIANF—H1100MeV D& S IZNESINLFHRIIOWTEEL B
NN

AUN Z0f LTHEEFEER L& EI12 CsI TRl SN2 A VF -2 IMeV LT CTH - 72 5F

K&, 2MeV 25 10MeV TH o 72HRIIONT, BHEFREBECEHE SN T2V F— LR
R OFBI 2B 6.1, 6.21277F, K 6. LIIHICAET 2R HEFHREZFIZOVTOH DT, X6.2
FHLICET A2 HPETRESRICOVWTOIDTH 5,
Csl THHEl SN2 A2V F =25 IMeV LLFOHFEL TIE, CsI TEE S N7z T RV F— 78 2MeV 2
5 10MeV THoHFHRIZL BT, FHETHREBTHAIN L TAVF-IFBOEEHNELL,
72 RATRHE ODARICIEDN D 5o S 5T, WICMET 2 PHFRELETIE, ZOME[IL ) IESE
Thbo 6o T, Csl TEHEISN/AZT AN F—H 1IMeV T OESRTIE, BHFHREEH BN
NIZRAFDOHIS, CsIIZIFEZF 22 VR TFOHFELTBY . ZNSPHTLBRESRTWAT
P D B,

LU, FlEFEERLA L 12 CsI TBIHl SN2 TR IVF—H 1MeV L TOFESAS, AY(2
FREZTHLON, FRICF)ITHAHELTL EIIICRIBEZESOPLDS o720 T, R
REOHEHITIE CsI THEI SN2 A VT D IMeV UTOFERE2Z0O T THA BT 256,
BNz ANVF - 1IMeV U EOFEROGHEDP LB L TCEFOBERED o 2B5D, 2@
hofEz DBz,

6.2 CsIEWVBWTINELETF— 2 5NEEEROER

BFOIANVF—0750MeV DL X2, BRFLEZAEL L0 CI Y BWTTF -5 %
WELZ, TR CSLICRIFEZ 7 2VRF25, BRELL LT, ENZTHPETRIBEETES L
TWEDPERBESLH7:0ICBIhbhy ZOF—F 2IETHEED M) H—Id, Tag-sigma
FUAT—=I12 12 EOREFRBIERD ) BLOL R ED—DIEEDNH L EVIFELEMRATZLD
Thbo SHIT, CSLIZAFTAKTFOEEPEL /DI, BHELD IV —LDBELREIZLT,
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T2, ZOTF =S ZEL/L BEPUHTREBEDS A U2, ERICHITT 57— 2L L7
EEIZHRT2ETH o7, LA L, 2O L3P HT2 ERT A4EBAYEL 2 5 2 & % Bk
LHOT, BREZLEBIVEZIABLAZ Lk,

D Csl ZRD B TINE I NZERIZOWT, AUN 225 T3 ER L7 B0 B
& CHIE SNRITHEB & AV F—OMHERE . RITERD S FHET 2 ER L72EO AUN ©
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L72#8D AUN 054 (FH)o ERTRAFTEFOERSELZ MW L-d 0, PHTHHBED
WVETEGPEL L7720, ERTRUERICH > TOHFBFLEBINLE DD INEVDH DI
HhN b 2500KeV ZliR 72 & T AICEEDBE Sz void, BT HRIBEDY £ 232 15I1C
oTwhlz, THTIE, RENCIRE N fEEA P T % BRK T 5 Hi8,

DT =¥ Tk, RELLZEFOHIN 1.9 x 107125 L. BHEFOTR % 56 72 B F 53810 <
NIZBEORIL 40 ThHolzo T, BEFOLINF - 750MeV TEBIEAIF LN LT —
LI OFERRIT, ES17T1 EBRE VO BEA BT RIEBOREEL AL EBO—D T, Csl HFHR BB O RERIT—

FNOIZME SNz, 20, NOXTREBORNBRERZMET 5 & X IIPFRFREBEOS A VR 2512, 20
T8k, FORPICHEIE SN,
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ZIZBITH CSLICAF L7 T OIZH 6.2 x 107 TH B, £ o T, EBRIEITIHEONET— %
DHFIIE, CSILERO BV CTINESNAT - o5 RBLON-EREELLERLFA LT 5%
REEVPHI0 FENTVAI LIIh D, K531CABLHIC, BFOILINVF—H750MeV (£
DEZEOHFDOILAINF—13 340MeV~650MeV) D& X2, FHEFEERL- L ED CsI TH
HENTZZANVEF =D IMeV UTFTOREROHKIZ 52 THH, 2F ), ZOHESHIE, b LD CsI oS
HIILCSI TIANVF—DPEMEND L) BRTHHEHMNTEDL, TNSIIBHMHEERIC
HRTA2AEFZOERERIIRD I DD, CI T SNE T ANVFE-RNEDL ) 5% L
TWEDPHLRLRVZD, BETEIEDNTERV, RICZOBBREFTCI CHRA SN S T
PNF = PENEIRIZ S T, PRETFREOSEE % poisson T fit L7z& X2, Egsy/E,
DEDR NI T, FHEuEFIETIFCVLERELELSNS,

6.3 EFN—HIEZ-EENDEREROREL Y

B2 AL LIS, BHEYYFL—F—0 40cm (ZEEFICE N —A7 >~ 5 — (AD) 7' 5,
D AD IZH72 o 12 F VB EER RS LhEF 2t 3 hud, Z2hiddh i hbiss ok
HMENLUREDNDH D, TNPERBRICLLBELRED 5,

ADECSITTETWADT, EEICEBEIL TS Csl 70y 7 THREHEMERIHE LR &
AULEEZDLE, ZOMEZI073~104THD, Thid, Csl THEI SN IR VF—Z2EEL
Ty AT OEICK T 2 HET VB S M- BROPOEEH KDz, T2, TOERTIE
ENENDEL—I T 5 —DL—bE2FHAIL Tz, FNUICEBE, AD ZIBESTHFOL—F
1Z~103Hz TH 20 AD IZH 72 HTDIEFEAENE —LDF 4 I VT LBRELWETHE . I
Hz OF —% —T AD THREMEEHIH o TWA I EIlh b, 2205, RS ARETH,
IR 25 TRATIREM 20 & T % B3R T 2180 30nsec DRHICHH SN AHEFIZ 108D A —
F—l7% %, AD OIS NS FHTIIX T AMESIRLEZ DL, ZORBEIEHIZTHAS,
FIBIB OFREDS 1/ ELICHBI L TnD Z 2 EZRB LT, AD 2% 5 2%V E ) 2+ MeV O
FURESHUEHEETWAEELTDH, 1077DOF—F—ThHY), TNICEIIEEFZIIEHTES,

6.4 FHRERDERERORED)

FXLTAT Y= BPOEFPRTVBIZS Db 5T, EBRICIIHETH CsT A LTz
WEIBRERE IR VTEZLNR, IRASFUVTERDPBI o728 I, PHFRIHES
FHBRELOZX . TNEHHT ERRDL L ZOHZIHBHEFHICHRT 2 FAEEROER
BERLhb,

I PHEFREE IO LRI T2 TR T 2 & & ORHIE 30nsec MRS, FEHMRE KT 2

FEEZ D, EPLRLL S0 12HOPHEFHRIBEORTREIL . #6500cm? Th b, FHEH
100cm?&7:1) 1Hz TR L T2 LIRET 2 &, FH#IE 65Hz THETRHELZ 25T 812
%50 £oT, —ODREZRIIOVTHRFRMEBENIFER MM T ST, 30nsec x 65Hz ~
2x107°TH 5o FHMIIMNT 2 PHEFRIEBORIMELE X 2 £ ZNLUTOREIZRY . AUN
DIy PETOLQFTHEFLBRBIND LV IFLTTERD &S LICHRII TS,

£z, COERTE, &RIIHT 5 IR F T REOE AT 1072~10730F — 5 — L RfED
BTV,

D EDZEDL, FHBRPERERICZ DRI 1078~107°04 =¥ —TH ), FHL LW
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Chapter 7
foom & akam

7.1 KR
HAARENEFC RS A REEL, LTFORDP L KD HNB,

Nsignal . l

Inefficiency = (7.1)

Nincident photon 7}
Niignat /3B S N SRA AN B S 2 NEER OB Nincident photon 135 541278 L 72 Csl
AT L 72 A OBT, i3 B BRI HR T 2 REHER ORI E TH D o Nyjgnarl2FE 5.3
WCARLZZEDIC, HEFRER LA ED CSI TR EN T A LF—251MeV DLTOH . &
BEATHEE IHRICL YV ROZBED2EY DD B, T/, L TLESSIIRLEZLD
2\ Ecsi/Ey < ADHEBE, Egei/Ey < 1 OB CTRBEL SN 28Y OEIHY . HEDF
PREL D SEIREV, £ T, AFHFDO LI IV F— 93340 ~1000MeV 125 T TIEAER D
LIRME, TIREZFIHE L2, EBREEZEHET 2 L 1013, Nygna & LT CsI THREIS N2 0L
F—2"1MeV UT OEROE L EHEB L LT 7256 0EE AV, MIEHERIL Eqe/E, < 0.1 D
BCRES o 7ofi% b b7z, THRMEEFET 2 & EITIE, Nygna & LT CsI TBIEI S M-k
WFE=1IMeV LT DFEZDOH % IMeV UL EDOFESZ 2 S/HE LT HIT 7254 0@% v, &
HEEIL Ecgr/Ey < 0.4 OERTRIED o 72M% b b/, Csl TEM SN2 T3 L F— 1ok 3
HEMEDMETZ IMeV., 5MeV., 10MeV IZF&RE L7z & &0, BRMEEERICHRET 2 REE A5t
HFDTANF-OBEEE UCHBERE K 7.1, 7.2, 7310587, £7-. #OMHE%2FET1. 7.2. 7.3
IRT o

7.2 KAMI XD 5DEE & DL

K — rOvrBOREZ HIE LT 2 EEKE 7 = )V IBFFEHT CEHB ST\ 5 KAMI £
B— K — O BOBEL BRI L LTV ER— T Csl BFMHAITT LR S5 Rk
K T4 1RT, [5]

RONTHRELET 5L, BED 10MeV LTFOBETERZ /T L5905,
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LIncident Photon Energy(MeV) l CsI Ineffciency

90 - 170 (8.14+5.7) x 1076

180 - 250 < 1.7 x 107% (90% C.L.)

260 - 330 (1.1+£1.2) x 1075

LIncident Photon Energy(MeV) ’ Upper limit l Lower limit ,

340 - 410 (344£0.7) x 107% | (1.740.2) x 10~©
420 - 490 (1.5+£0.5) x 107¢ | (6.7 £1.4) x 1077
500 - 570 (24+£0.7) x 107% | (1.6 £0.8) x 1077
580 - 650 (1.1£0.5) x 107% | (9.1 £7.2) x 10~8
690 - 760 (1.4£0.3) x 107¢ | (1.240.2) x 1077
770 - 840 (1.54+0.4) x 1076 | (9.2+2.1) x 1078
850 - 920 (1.3+0.4) x107% | (1.5 +0.3) x 107
930 - 1000 (2.0+0.5) x 1076 | (1.14+0.2) x 10~7

Table 7.1: BEDEZ 1MeV |
VAWIN 2

ELIEED, AFKFOIAINT— LB ERICHET

- Sl
-~ AR JE

[ Incident Photon Energy(MeV) l CsI Ineffciency

Table 7.2: BEDOME % 5MeV |

B

90 - 170 (6.1+1.6) x 1075

180 - 250 (3.8+1.7) x 107°

260 - 330 (1.1+£1.2) x 1075

LIncident Photon Energy(MeV) I Upper limit I Lower limit |

340 - 410 (1.5£0.1) x 1075 | (1.14£0.1) x 107
420 - 490 (5.54+0.9) x 1076 | (4.4+£0.8) x 1076
500 - 570 (5.0 1.1) x 107% | (2.1 £0.6) x 10~6
580 - 650 (1.840.6) x 107% | (6.6 &+ 3.4) x 1077
690 - 760 (244+0.5) x 1076 | (9.4 £3.2) x 1077
770 - 840 (2.5+0.5) x 1075 | (8.0 £2.4) x 1077
850 - 920 (2.3+£0.5) x 1076 | (8.4 +£2.6) x 1077
930 - 1000 (2.7+£0.6) x 1076 | (5.5 4+2.2) x 10~7

Iz S
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Incident Photon Energy(MeV) I CslI Ineffciency

1.3+£0.3) x 10~
9.0 +£2.8) x 1077

850 - 920
930 - 1000

3.0£0.6) x 1076
3.2+£0.7) x 1076

90 - 170 (1.140.2) x 1074
180 - 250 (9.14+2.7) x 1075
260 - 330 (2.3 +1.6) x 10~°
Incident Photon Energy(MeV) , Upper limit | Lower limit —l
340 - 410 (3.7+£0.2) x 107° | (3.04£0.2) x 107
420 - 490 (1.2£0.1) x 107% | (1.14£0.1) x 107
500 - 570 (8.34+1.4) x 1075 | (4.54+0.8) x 10~°
580 - 650 (3.0£0.8) x 107¢ | (1.54+0.5) x 10~
690 - 760 (3.1+0.5) x107% | (1.440.3) x 10~
770 - 840 (2.84+0.6) x 107% | (1.0 4 0.3) x 10~©
( ( )
( (

Table 7.3: BfED{EZR 10MeV ICRRELZEED, AFBTFOLINF— LM EERICHE
RGNS

[ Energy(MeV) | CsI Ineffciency

100 - 200 4 x10~*
200 - 400 1 x10~%
400 - 1000 3 x107°

Table 7.4: KAMI EBRCHEBESTRET L-DICEREINS KR
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Chapter 8

e

2

K = O ERRERCTHER S Csl BT HIER0 ., EBRTLMESL I L OH k2 WL
TERICHRT 5AREELWE L 720 ZORREE K —» nOvoBEREERD—>Th D KAMI E
BhrOOEFEHKT AL, Csl TRl SIS A VEF—-OBEE 10MeV LT ICBET TES
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