TR Bt

J-PARC KOTO D RAEN A 0 ) X —5 D
- s SR EE

RBR AR A BB AR R
PyBLA I
i s fF7EEE

LA (RIIRRE) 2 4
YT 24B18006

PN RN

202042 H 16 H






BE

J-PARC KOTO #Eicix, K — nlvv &9 ik K T offid i % v T, CP S F: % ik

LHYEEHER L T 5, FEHEGRTPHIN S Z OB E— FoaEiE, 3.0 x 1071 /X ik
O, FYHIZ X > THUER R > BEIEVEZ E S 29T v, K — 7up D513, 70 DRt
TCELARD v DA TH S, KOTO EEDOMHEIE, v #EZMET 2 CsIBRARY X —F &
RT3 2 & ZEREET 5 72 D D veto B ER 2 HHEL I LTV 5,

BT D NS WHR 2R T 2701013, TRFERZHW T 2 EVEETH 5, BEDOT L

*E$%® DlF, PHEFERFEREEIN S, E—shora -l A a Y X —FIZAHT S

LICENT 2HRE 572, ZOEHRHFARZHIWT 27201, yfREbET T, AU X=FHNTD
MHAFROWIE) T Lz, 2018 FfKIC, ArY XA =% Bficb e v FL— a vtz
T2MMIBRZID 1, Au ) A= Ziljgsaic Lz, Zduck b, ETHOGHH & OB R
REROT, RIGOWEIZHETEL L) ICko7,

AWFZETIE, SR RER ICE— 22 HOTHER L 27— % 2o T, WligtAaFiEIC & 20T
T RROHNREE N Z 5l L 72, U oI, 77— Z IR ORI O BIfELE N & IR R EE % 5F
fifiL 7z KICHIFEATFIEIC K 2, PUETFERFROHNBE 2 KD 7, MaiAFEIC K> T, T
HRFEREL (21+£01) x 1072 ffick D, HETH-% 0.1 5% LIz M 2 FKi>, 7,
HEFERFEREZAN ST 2Mtho A v P L OMHBZHZRL 72 LT ligaFEIhErERFR %2+
WCHRTZ %,






.2 HBPETTEREEA] . o o o e e e e 5

DY PR I WreAN il 2 o =11 .2 6
ERBRHE NSRS IRt od . . . . . o 6
(L3 APFROHM . oo 7

2.32.1 Barrel Veto BEIHAN . . . . .« o o o o o e 12
P37 7 Collar Counted 12

o}
B3

PS5 T.T Physics Trigger . . . . . . . . v v v o e e e e 14
k.J.1.2  Normalization Iriggen . . . . . . . . . . . . . . . o 15

5 T3 Mimimum Bias TTIZEET . . . .« v v v v v v v e e e e e e 15




vi HXx

15
15

17
17
18
20
21
23
25
— 26
26
26
26
26
28
29
29

33
#.1 FEATOWLAY . . . o oo 33
#.2 009 FEIHZ DREE . . . . o 33

BS5E HIVT 35
35
35
35
36
37
39
40
40
42
42
42
43
BS T TUDFEATH . . o oo 43

B 65 HIFEFERSRFMDICHDOT > T)Y 45



vii

45
45
45
46
48
48

B34 BRSO P o TT BT e oo e 48
Bd TV THDETIE . o oo oo oo 49

1= S FEIED 51

51
52
52
54
56
57
57
58
59
T3 F LD o oo 61

8.1  MPPC THlIl%E U 7-IR[R D% Fe & Wl 1] 63
8.1.1 MPPC Tl U 72 Wl 63
8.1.2 MPPC DIs[al# il 63
8.2 FITZE (AT) DTEFA « o o o v e e e e e e e e e e e e 64
B2.01 WTFE (AT) DTEF . - o o o o e e e e e e e e e e e e 64
822 77 T I)Nkvy D5l 66
8.3 REETAREEE . . o o o o o e e e e 69
B3T T ZHCERIAMEEORAMN . . . o o o o e 69

8.4

8.5

B0 F CWl L 75



viii HX
o5 BHIEOHIEAZEE DIHE 77
D.1 BEZHCEA Y FEOMBE . . . . .. 77
DIT FPSD AV FOBEE . . . . . . e 77

v POHIBHEETL . . . . e e 79

79

80

80

80

81

82

A ETTE 85

[[0.1 85
¢ > \ > Z 85

[0.T2 TSN Kr DFE] « o o o e e e e e e e e e e e e 85

[[0.1.3 FPSD v +.CSDDL A v F, AT A v FiZ X2 E s RAlEe /] . . 86

[02 2019 FEICHE L T —F CrilS 2 PE T A BRI E SES . . . . . . ... 87
02T 2000 FECHFF UL T—F D SES . . . . . o oo 87
(0211 BERMEEIC AT U K2 OB . . o o oo oo e 88

[02.12 K; OFEMELEZTRCO K - nvv D7 7% 7 ¥ A ... 88

[022 2000 FECHE LT —F CrMS N A E T I BRI . o o o oo e 88

[03 SESA 310" T CORTETTIRBRID . v o v e e e e e e e et e e 89
104 F XD .. 89
91

[T K — 7% IS 3 2 Mg 15D TERE e L 91
(12 AT EZHCE AT 2 v FUARAOFET ] 93
97

=72 S ER 99



[[.T K> 17w DI7 4=V A7 7700 ... ... 1
.2  KOTO FEEMETZER OEK] 2
3 CsI 7 u U X =% OB, kb2 small fim. 15\ iB 2 large iz 2 L

........................................... 3
L4~ KOTO EEOMH OB, E— AW/ % z . shiba % y e 3 5, i/ hm

B (D) & Z BN (Zue) ZH O Un SR RFe L C 0% | oo e e e . 3
ITSWTSEWM ARG U 72 0 DSHik U 72 ZUEW

V] b, TR0 DI D T — 5 il ;

EDTFHNE N SRR R Ch 5, TRDEOETH X 1172 112 blind region C &)

M. A ROCPECHEN AR G SR Ch b, S 2L —> 3 VIC KA gRRDA

TR Sy 17 4
[[.6 SRR (D) EPHETEREFRE (A DCIL AU X —=—FTORIE . . . o o oo v 5
L7 Mo A T e DB, il b e a2 B0 AT 5. it 20E 3 % )6 & ol

[ZEET ZEOFRZE (AT = Typpe — Lout) 20 CIBDES ZE L, 1o

BERA CTETFEERR () ZREATT D0 | o v e o e e e e e e e e e e 6
[[.8 E—LTAMDEY P77y 7TI0L ] . o o oo 7
.9 E—LT AP Clg ot AT 5346 [10], Jemids v iR, B e R e s, | 7
R.1 J-PARC D Bl 9
P2 KOTOFEBROE—L 74~ 10
23— KOTO EROBM#. z=0 3 FB 23218 D Liiti ChBol « v v v v ve v e 11
! CsI 7 u U X =% O, iRy ds small faii. 5 ibad 2 large s in Chgk = 74

T2, FDOER5 ¥ Outer Edge Veto (OEV) EMEIEIL 2 veto BRTIAR CH 5 (2.3.2.3

) o . . o e 11
5 ADCHOXRy 2NN T 4 VI —IZ X ZFICEAC 21, M~y 2V 7 4 VT —iiH

BIDFN . DS 7 A VT — s DI g . > S a b —2 3 VIC X b bk 24

L a . . e 14
R.6 THETT TN ERIG T 27 0lci1o7- 7 v (ZOAL 7 ) DB, BRI aRIEai D & —|

Ra7hic, ZVIREEE, E— 2T T EFEZEMINCEEISES. ] . . .. ... 15

ix



. S " — VA HL D z - ol oo 18
B2 MPPC O E EBRENFEDOMHEE, A mats 1k ciid L7 MPPC (B 23> V)
E=——FF . BB T AXIBIRDO MPPC, | . . . . . o o 19

3 Mg A R THIV 7 MPPC Died it L OS], (/) small i Cld, i 1 DIJ

L2D MPPC 2 HUD {1\F %, IS A T 4 DDimDIs = e A 7 Y v | Peme(n]

B3O TELED., SHICAMDONL 7Ty FHEh 6 DET 2T LT v 7 CRY
B2, F) large firm ClE. s 1 21c 4 5D MPPC ZBL 0D T 5. [ C f v

BEESIL MPPC D25 %214 70 v FIRCE LD, K5I 4D L 7T 7 T
BB DR T LT Y TR U BT Dol o oo e e e 19
B.4 A7V v b, MEG I 35 TH 20

B35  MPPC it AL LD F % v 3 m ., S 2 Omimh o D sz T L7~ 7
T A A2 ¥ D e Y3 21

B6  HIBEa®D MPPC, U a—v (Ffh) & X F % HaAl (e 2w MPPQ
E AR (B 28 Lt | . o e e 22
B7 _MPPCZCSIATU X— P ICleims I U 7B | . o o e oo 22

BS  MPPCEETO b oW CIIa ) XA—%. 7L —F Lok S WA T2
T2 DDBETCH Do o oo 22
) i SN MPPC DGl BZmTo] o o oot .. 23

BI0 WA T EOERE 24, (EYMPPC "6V L7 v 7D %K E Ty () Fhi D]
BADC FCOBEEZRRT o] o o o oo e e e e 24

BIT MPPC A v A F— %D CsI WA, () A 7 U v FEEISWTWZA W small
fim (ZED 3N, (M N 7TV v FREEASVTV S small fmm (24D 1746 . ] .. 24

BI2 MPPC A AT —NNEDO LnMb 6 W7 CsLAu ) X—2%_ CsL O L 6 Id
WZEEDT =TI MPPC DA L7 —7 NV (UFL) THh B | o o v oo 25

BI3 MPPC f v AF—UCCsl Rz 7- B DN 30, Frar< 0.043 X,
Do | e 25

Bl FiidilEoty F 79 7. CIAAVX—FDETL T IAF v IS v FL—31
AR N Ay A Y. Soter i A0 I 27

315 el o AV . ol > ol N 2R i T 2 - Hlc. T L7
TEoE 190 A7V 9 FOBBIEED T Tl o e oo 27

B.16  FHmzH TIELZ, MPPC ® 7 >~ 7L —FEIE [11], Zrpridzk 3.1 1 X 2
FAY FORMERIT o] oo e 28

BI7 Tz i CHlE L7z, MPPC ® z-tHE (75) &£ PMT @ z-t B () [11], ~—]
D=0l s rm L DA 7 v 7 — 1 5. gl 3.2 1 k2
A ) L - [ 29
BIS Fiimze MO OMELL. D0 large muruic 6 1J 5 MPPC O¢& 04 11 ]. ... 30




xi

A1 KOTO FEEED 7 — F IS IAN. Wi 7 — % 2 I8 U 7z AL, i  cral O POT %]

5.1 PMT CanA L& #L7- Csl DJ%JF, Constant fraction time (CFL) DB, | . . . . ..

D.2 7 T AY — RO, B D NTAEmDT FAY = —FCh b, ZNZND ]
A ==F6 70mmPUWNICHELE7 ZAY == 2T e, 77AF—=C 7]

15, KT L7zDd3 isolated hit crystal TH 5, | . . . . . . . . . ... ...
5.3 TO R DRI | . o o o e e e

5.4 (L) P72 ARAI—DII)IVFX—0mc, ()67 7AY —DEGTIT IV — 7040, =25l
BT =% B K7 — 319 O MC %Z4+3, Cluster Energy & Total Energy ® 7 V|

[(EE TR | o

p.5 B L 72 K OB R, mmT —% . amds K, — 3n? MC Z3v9 , AMy)]

2y PAIZTTCANZRN, | o

6.1 P /P, —Zy. E—Zy O FHEEMN 3], > Sal—>avIilkb K, — novi

DAL 2 IRa TN o BRIGDERDIA 7 P DG 2N T o | oo oo oo

6.2 G TET T Y 7V D K S A7e 10 D Py — Zyivo INADILII BTN D HEY
BzrT, v ROBEADY e, b TH E NI D A %2 BELTTETY ~ 7TV L]

L & LT P

6.3 PP -t Z Physics Trigeer CINEE L 7 7 — F IC W 3 5 . Tk < 4L7- 70 D)
P, =7 o MDD TNEEEN DRI % 5 9 o, blind region (119D EFEN) D H

RGPS IVTA D | oo

6.4 T T FINEB DIy i, i SPFL 7 ~HIC Physics Trigger COUF L 77 — % . _H|

B AL TE T~ TN DT —F T o | o o o e e e e e e e

(7.1 MPPC DT, I O & N T AN Z R | o o oo e e e e e

[7.2 MPPC D7 7'V — F i, ARRIEEUSAG S 7c il 2 89, grmkid 2\ (7.1) 12 & 2

D4 v PHERZRT, S Cnd Mz 7 4 v Pis R balm Lca ] o oo o v .

3 MPPC DWIEROIEZE, 7 7 7 bgiid s — 7 Al g 7 7 7 meiii %% _(Lime

B DIAEE 72 MPPC OO #ER ., 9IS Dl H L 7ciE e aed . ADC

7.7 — > @ MPPC"™ 26 ) SN %, EAEIIZE DT NIEZ, DI )

NS 3 3 | 2 1

[7.8 MPPC DD ADC 7 L — bfeE, 7V —=F cIEF ADCOFX CE0DThHAH, 1

7 V=T D&k N A=10) D K COPRIZ DT P

[clock=8ns]) Z3. 7 7 71 DIF, WZDEZ il R L i 2289 0] . o v . ..

IO FZ T WP LTea ] o o o o oo e e e
[7.5 MPPC 251 7] L7cibite, ADC Oy b =7 =TlgnrzitLic. | .. .. ... ...
[7.6 T IV LD MPPC OGO AT ]« o o o oo oo e e e e



xii

X H K

79  KOTO %k

THFHL w2 ADC. ey ADC 7L —TF . #HPEd ADC £ 2 —
oo skt ADC F X )V 23R | oo o 55

[7.10

(o) Sa—AY 7 /HIciiGLcT =Y 2 Ui =1ro7c, S 2—A4 ¥ 7 Csl

Do X—FZ%EHE 2 HRZ el 0ic, Lidlich s NCCICE Y FH 0. T

Wﬁ]@ CC04, CCOS5, CCO6 D ENICH EY F3d Z)?%%’%Eﬂ? L7, (&) MPPQ

D 7~ i D WX [E X

FEM (Qup) ELC. T FIET DB ERD Do | o o oo 55
711__MPPC OHEM O E OB, 7 5 7 Bl 7 — ¥ By, = 2 —F% v O FmH
Eﬂ:i@“ﬁ‘%% ADCHEZ 7B Y FLCOVB ] oo 56
56
713 MPPC O B & (QEE/QUommery . 57
714 __MPPC OFEfTR, 7 0 A F — VTR, AR DA — N — R LR e [22]. ] . . . . . 58
715 T FWETIC MPPCICATM U 2 ] o o o e e e e e e 58
TI6  MPPC DA = ST | o o oo e e e e e e e e e e e 58
717 A 70y FEmIc v T\ 2 B & o A LB O By ic X % sl lE T~ OB
T I2ATL ] . o o o 59
TI8 T FHURE T 30669 COMGERI ] « o o v v e e e e e e e 59
719 T FH0aE T 32193 COMGEIIL ] « o o o e e e e e e e e 59
. i 60
T2T  BAd F =7 A5 6 et 7L7- MPPC OF XU —3 3 VIt (Vop) & JeliWizeq
HE CZ-REREIE (Vog) DFIBT[35T0 ] « o v e v oo e e e e e e e e e 60
BT MBI OMIE, SO miE MPPC™ =) AT Az R L. RO mE
IRTD MPPC™ ) AT A% %9, MPPC™® = LI P % el U, 7= L5l <]
CEITECDOMPPC™ O AT S CE Dol oo 64
B2 AT™ SGDBl, DDV Z L7, T3 Do | ooooo oo 65
B3 TWRRIBIEEID AT 3T ] o o o e e e e e e e e e e e 65
B4 TFIRIEZD AT Z5F0 o o o e e e e e e e e e e e e 65
BS AT INE BELTETY v 7N DORZ (AL 5 ti, Db %20 7 A8 —0)
BB, AT BKECT DI 7 AF — (AT P20 Z T, AT DN VHEDT T A
B = (AT S ZFERETIR T 0 | o o o e e e e e e e 66
B6 77 5TV FIVEY FH Tuppc B2 G Z 20 0BE, (J£) Csl a1 X =7

7Ty ey Fogil, Y77 T v NVEY FDOHIFMDITFINLT =2
P22 =D FNFT—INLRKECEE. 7I7AY—OFM Rl 7753
IWEY TOHZFEMmORMD T “E R, | o o e e 67




xiii

B7 TS T VINEY FB D DimmD oA, Bt v xk ) v 7 )V, 5 D L T e -]
OV IRTG o | o e e 68
8.8 AT JAD 5 RE N7z MPPCSY™ 22 9 1IZKO 7. AT 954, F —7N— 7|
E=F7 07 =0 —DFERDTD Lol o oo oo 69
B.9 AT ZADH, Gaussian 7 4 v F Ghw) Ly 0 ZA9720 | v v v v v e oo e o 70
B0 AT Twppc.Lpyvt DRI fRbe, magis PMT CHE L7 7 7 AY —Z 1)L X —
70
VIR DA
hﬁ:;avvv \ﬁ@®%m#v/%v—ya/%@m%%%? Az, At 137
71
B.12 AT, Typpc. IpymT ®ﬁﬁﬂ@¢mm%jbfg7 FAY — I )% —
TTDH D] o o e e e e e 71
B13  ATew DEIASTABEDRIZAT « v v v v e e e e e e e e e e e e 72
BI14 AT A OWRIIREKATE, RO KGR MPPC™ & AT 75 (ATS0Y) ]
PR EDS PR DL MPPCY™ O AT 75 (ATYIS ) Z7R 90 | v v oo o e e e e e 73
BIS ~HHYTND AT 5fi L. AT O D e, B23T =%, G0 MCZEKLT5%, | 74
B16 7527 —Dzx)VX—LC AT OB, maaE PMT CHE L7 7 7 A Y —D T 3 )Y
E=HZ. 1. ... . . e 74
BI7T T FNX—"ODARECHDIFAT—ENIOHDT 7AY —D AT DI, sy
EoD7 727 =035 T NVNX—DPRAEVT 7 RF—0 AT Heqh - x)L ¥ —
WDDNSWVWITFTRAI—=D AT ZIT | oo e 75
BI8 AT TN (K — 3n") EHHLTETY ~ TNV D AT 73ty 220D T 7 AF =)
B ATORECHAZTZOY FLCOD | oo oo i 75
BI0 AR EEGELTTET T~ 7D efficiencyo | « v v v v v e e e e e e 76
D1 FPSD OBEZE (3610 1.« o o o e e e e e e e e 78
p.2 N R Y TV EBELTTET T ~ 7 )V D FPSD 04, Rtads K7, — 3n° D7 — 3 % |
B TETY Y TND T —F s, Db bT7AY—0D9 5 FPSD AV
Ewiz7ay b LTWwWS, FPSD Ay b TIFO0OS A EZEKTSH | .. ... 0. .. 78
p3 FPSD 71 v FIiZ X% K; — nvp D efficiency & BaL T ET T >~ 7 )V D BlRie /1, g
fili2s K — n0vi @ efficiency (MC) % . HeHi2S AL P E 1Y ~ 7 L DS BT S AL72 )
Y2789 0 | o o e e e e e e e e e e e e e 79
0.4 EPSD 21 v FZ 728D AT A, | . . o o o o o o e e e 80
D.5 K7 — 377 TD CSDDL D041 [36]l, THFRNVF—DREIWVFTDI ZAI —%27 8|
LT RO T =7 SO MC ZR S ol o o o e e e e 81
p.6 CSDDL 7 v F OBGELTETY >~ 7V E K — novv I 3 5 efficiency [36], —)|

D752 =T AERZ LRI, =1 —J )L %Y FOFEBIC T — 3
TN RO B 0DY v TIVDFE R T o | o o o e e e e e e e 81




xiv

X H K

D.7/ AP TETT ~ T D AT i, DL AN T — DDAV HD T T AT — ot
DI NT=—DPNICTDIT 7T AT =% 9. AN < 33 ns Dubay % Front e, |
D7 13 S 82
D.8 CSDDL ©%34ii. CSDDL @4 v %z 0.9 L EE U RO TE - ~ 7V DH]
A Rl s I K A 83
p.9 CSDDL 4 v Mic X2 e e~ 7OV O Bk EE J1. Fifas CSDDIL @ T TRE{E
FErET . fti2s CSDDL 7 v FI1c bk > e L T 1 ~ 7 IV DB % s 9 . ]
B AT @ Rear i3%. 2> AT O Front IR DARAE I Z AT o] v v v v o e e . 84
0.1 FEFETTVTIND P, — Zowy o3 fii, I FNA Y F DI B P, — Zu DA VI
[FEFFE veto ZD 0 C0 b, MO LB EENIC G EIN I TR s ] . ... 86
(0.2 T TETF > TND Pr—Zo oA, 2= COMEJFA v F & veto Iz, CSDDI
[ETFPSD DA v P ZD T C\0 b, OO T AN IC e I, ARk e ded.]. .. 86
03 FAS 70— F OGS IF K — 2 FRD D, = Zuy (MC). BELTTET T > 7]
% i oo I i i
I AN S X0Y G AL INE T AR X T/ TF - 7 87
(0.4 FZENBD K — v MC D Py — Zor, 734, I D BT B NI 405
89
[[0.5  ®WFEZ > ¥IZ Physics Trigger CHUS L 7T — 3 D Py — Zypy 53, JEH) JJFHIA V)
[FE veto IC X 2 EREN B Z R T . INOD T IZEENICE EFIN S AR 2729 . 90
11 Ky =31V 5—% E&B)E K - 7vb MC(GREE) D7 F A —Z VX —74h, | . 91
M2 K; > wwMC E K 53" 73 D. ZALX MDD W Ba)s] - - . . . 92
(1.3 Ky —3n° Gt & Ky — mve Get) D AT 54, Ky — wvv D AT 5343
K, =37 O AT 54i%k W(Eqys) CREANTTERLZ . ... ... .. .. ... 92
T4 K 570w EETTET T 7TV D AT™ET 3G | o oo o oo 93
(T3 AT, (=1L —T12)) ofi, 1L BT FLX—DPAEVSHDY 7 A Y — DR %= ., |
. BIFVX DN/ DT 7 AT — DR % A9 o tads vy ~ 7V, H
A W K e A 12 2 i 1P [ 94
(16 AT L AT, Difi, BODPETIETY v TN % RO o ROD T 75— 3|

ATV TNEET, DB MHOGICA Y F3 2 & IO ~ 529
E7A%90% %L T SELTTE T ~ 7LD RE ] -

95




FxERX

[L.1

D.1

K DFBHBEE—FERWIL32] . . . . oo e

D.2

K; — 37 R NS 5 - DI\ T BB FRI A Y B8 . o oo e

D.3

ZNZTND veto A CHO L+ )L X — 3 &, () newBHCV Clx. 3 JED I B

PENEDET 2 —VTEY F3H 0. ZNZNDETHO L 3IVE — ) BIE % R Z 14
Bt veto <25, (FF) BHPV Cid veto DEE E L CZx b X — Db Do, Y
B2 ETOBEDIEDONC L, EVv FDHoEY 2 — )V 3 ML EOEL. veld
ETZ, ) BHGC & veto DEHEE L C. T3 N X — Db DI 49 %1

6.1

BGLPTETY v 7V T ZE B I A v F—%, (631 a3 %, ] . . . .

XV






X

F1E

b

%5

—

ARETIE, £9 KOTO FEEIZ DWW THIN L8, Tk ESRFER L Z DHIEGIEIC W TiER 3,
RARICAITEDO HiNZ BN 5,

1.1 KOTO %=§&
1.1.1 KOTO B2

KOTO F28si%, K — 7ovv &9 CP W2 2 ik K P F oMz iEEZERL T» 2,
CP W PRk & 13, C Z2#t (f e i) & P 2 (%) 7 4 2540 2 At b 72 U 2 6575
Wod s, ik K HRT O B L 2 £, 89OHEMEMICE T CP MHRELENTHWS 2
RS o 7 (1], CP D iiiiz, CKM fTAlEERR s 2 H> 2 Lick > THWITF
% [2,8], L22L. CKM {78ic X > THHTE 2 CP Wik OB LI B DY EES 2 FIH T 2121k
INETE S0 [d], EEHERGG 2 B2 - WBNHEAET 2133 Ch %,

l[l:ﬂ Kp — v OBEEHERTO 7 74 v~ v ¥ A T7 77 o00%5R"T, KILCD 256005 &

AT A=W S I A—TIEDLDL L) 7L —N=2WrHhEIL VP EEATVRS, 2D
9N @ﬁﬁ T TENG, K — v I 3 x 1071 [B] &/ & v, F72, ko BRI
BAED 2% LANZ W [E], L7adio T, BHEMERD 6 OFLHO/NS W I DT — ik, #L wislic
Ko THIEDIZ S PR E B > GHIGEVE L6 29T W [[,1],

1.1 Kp—>7vo D774 =54 7275500



&
yi
5
3

1.1.2 EEEROME

KOTO 5255 13 S IS AR SfF A 12 & % Japan Proton Accelerator Research Complex (J-PARC) &
V) fEER R [R] Tfrd T %, J-PARC D fl# R 13 Linac, Rapid Cycling Synchrotron (RCS),
Main Ring (MR) 7> 5 S 11T %, KOTO %EEE Tl MR T30 GeV £ TS Nnzbp1%. Bif
FICYTT K ZHERLTW5,

1.1.3 AE/RE

KOTO #otiatolEi# X 2 2R d, K — 70vo OfE51E, 70 BPHELTTE3 22D 5
MOHRTH 2, KOTO EEOMMARIE, 7° HEL T TE 220 v ABHT 2B A v Y X —
Z L TR TR L 5\ 2 & Z2RFET 5 Veto Mg SR I LT 5,

KOTO gD A Y X =7 oW Z X (3 1238 d, COERAITY X =51k, HOWEBF—7
ENTwekn, Mk a vt o (Cs)) oI NnTEh, KRESFEEPH 19m Th
2, (MECSI 2m ) X —% LR, 521 25 mm A0 small f5 L. 50 mm D large 503
HH, ELHBHOEZIN50cm 27Xo) TH D, CSIDT v FL— a i e — A Fimfiliciey
£ & 7 eE A5 (Photomultiplier Tube, PMT) Tt L T %, BE#SOFEMICOWTIZ D
HECHE L CHT 2,

1.2 KOTO FEtiitids DX

1.1.4 E5OBEEN

4 i KOTO EEEDE iR O 2R3, M e — 270z z i, ShiETz y il
ELTEHT S, KOTO EBTiE, BHlL 22D v 26 70 ZFKL T3, K — 7% T



1.1 KOTO %

—

1.3 CslAnY X—% Wik, R0ifsr2s small £, & \0iBa2Y large iz R L TWw3,

KOTOXER &z
y
> KL =
X 7 [
e 4
K, — %0 ﬁ?ﬁ

blind region _

o B EED
Pt

>

70 D zFRRAIE

1.4 KOTO HEERDET OB, ©—Aliligmz z i, $ET Az y il s 3 2, BT mES)
B (P) & Z BIE (Zyre) Z -G TESHBZ ER L T 5,



X, Zoo=a— MY NEEIREFE XS0, o0 IMTEEREZ RO, $, MR TEDLN
7o REIR (AEEAEI) N CHIBE L 72 70 (Kp) OFRICBLH 2, Licdi> UEEMHEEEZ, MTA(T) I
ATHRBED K9, B S e 70 o mEE) R L A E 2 VL CER T 5, KOTO #EET
. BEEE KL D —Mlh K E 3 (FH) % blind region & L Tw 3, fiE#Hrid blind region % f&
LCirZ1T9, &TDAh v b ERPE L %12, blind region % B, [E5HERICE > 7 HRED S
K1 — v QR o EIRMEE T 5,

1.1.5 KOTO SRERDFETHER

KOTO FEB&Tld, 2015 FICHfG L7z 7 — 7 2@ L. K — nlvy O HRE% S 1
7o [13], X3 iz DR %2R T, Single Event Sensitivity (SES) []2% 1.3 x 1072 &7 —#IZkKf L
T, ROBRTHENLEBHEHBCEEFRIR D6k otk, Z0d, K — nvi ORIESI
ko EBRfE%# . 90% @ Confidence Level (C.L.) T3 x 1079 & L7,

500
“344 0 0
450-331.5+13.0  [0.270.15 0.08
400 ; ° . :tO-OS
350F ’ 1
S 3005 e 1.23+0.41
; E ., . including si\gnal region
é“ 250 - 0 \
200 0.42+0.18 (1) -
150 .
’ E < g%, 1 +0.16
100 e, .
g 1 0
S50 1.41+0.13 0
E 11| 1 111l 1 111l 1 11| 1 111l 1 111l 1 111l 1 111l 1 11| 1 11|
1%00 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

thx (mm)

1.5 2015 EY 7 » DGR [13], Bill2s PR L 72 70 SHBE L 7 z A7 (8, #tlhns »° ok
MEB R, BETHLI NS T — ¥ CHE I NFRE, RETHEINIBTFB T NIY
RHRETH 2, PROBOYECI F N2 HEIEAS blind region TH . RVMCH - HHEME
FHETH B, I al— a3 vICk BESERONMEREOTRT,

[T i< 2015 SFEYH 7 » CEFFEBRIC PRI S N AT RERHEE R T, PRI ERERBEE
AT 0424+ 018 THDH, 2D 95 024 H3, RITHEX 3 hadron-cluster background & S5H115 H D
ole (UBETEFERFER LTS,

L BRI S B TH 2 FRIF, B/SES FRBM S 5 LfFI N5,



1.2 PP ESEHER

1.1 2015 EYEL T vick W T, BP9 TFHl S N sERE (3]

source HRE
K, decay K; > ot 7%  0.05+0.02
K — 2x° 0.02 +0.02

other K, dacays 0.03 +0.01

neutron-induced hadron-cluster 0.24 £0.17

upstream-7° 0.04 4 0.03
CV-y 0.04 + 0.02
total 0.424+0.18

12 FUEFERER

KOTO EEETH - L b RELERFERO OV UETFERFRTH 2, KIA IEFTHRE PHET
TR ROMMEN 2R, KIE(H) IS8T L), E—ana—fEf23h0 ) X =7 T v 7 —
ZERLEZDE, 2O 27 —th R0 ) X =5 ORI OEGHTCHEERT 2 2 E93H %,
208G, BRHEREALIIICTODI FIAY =250, E—sna—hEIdERFERICK

GEaH 5,

K, - nvw Hadron-cluster Background

€ 50CM veenueees > beam halo
Csl : neutron Csl

1.6 53R () L P ERER () O Csl An Y X =2 TORIG

2015 SEMBE S » DFERD SFFT 5 £ SES 283 x 1071 IcB L TP S 1 ihiE iy RS
BkZ 10 Ths, KOTO FEhiTld, HEFERFRZHINT 272012, HlEF L v BOBEHBDE
Py 7 —DEDOEGEH TS, INLDFEOYEEIC > T, FHEFERFRLZISIC1/4 (1
HIEcE 2 LW N Tw3, LaL, dEE%TH SES 283 x 1071 ogiaic, PiETERFERIE 3
HETFMI N 7D, BRI EA T TH S, 208G %%%%ﬂ%luT ZMZ B 7DIIE
BFLEERT 208D 5,



1.21 A0UX—5 OMlFEHIC K DR EFHIRE

yERETETZRNT 20, HAEHOEI DB EHGZGEZEA LKL, v 512 Csl 21V
A — % H1C radiation length (2 cm) IZfé > THAMFH T2 72O, CsI D LT v 7 —%2E%, %
Fuzxf L, Hi1-1d Interaction length (40 cm) (ZE > THAMEM T 2720, Csl fisaH o TR THH
AT %, $%bb, HAFHOEIZMEST LI LIk, yEPHETZXAITE 2,

HEIOEREIF T 272012, FHic Csl Auy 2 —2 @ EHNc b RO HER TH 2 Multi
Pixel Photon Counter (MPPC) ZH{ D D} 2 FENER I N, KID I ZDH L WTFEOME %R
T, RN ELE S 200 & NN ELE § 2 DR EA (AT = Tvuppc — Tpur) Z VT, UBDTE
SRMWET 2, v BRoGAE, EROHAEMERT 320, AT I/ 22 (KL E), hiErisEs
ROGE, THTOMHAFHT 270, AT IZKREL A2 (WLTDH), bbb, AT ZHVT, 7
FHEREPETFERFERZXINTE S, SBIDOTFEZ, Mgtk TiE LTS,

Opp Hadron-cluster Background

K, »>n :
MPPC : MPPC
< > >
Upstream Downstream
ATwmppc-PMT)=small ATwmprpc-PmT)=large

L7 WigiAFEOBE, BRI beihar 2 0 (117 2. BN ENE S 206 & Rl E)
Y B HEDORHZE (AT = Tvrrc — Temr) ZHWTRIGDOES ZHEL . B5HER () kT
HRHER (h) 2K 5,

1.22 FUEFERSFREBEDICNT BETHR

FATIFZETIE, B — 4T A P ZTOHRETFERFROANRAE ) % WD 5 7o, RIRRFEOVEEKIC X
LMEEMFNT S [M0], =27 ALDEy b7y 72K LR ITRT, E—LF A FTlE, 380 MeV
EFIFNF—E—7 LT8RP L 100 MeV MLED v B E—o%ZHH L, v bt To AT
A DENZHE L 72, KOTO Bk FERED, 5cm D Csl ik 8 A& 2.5 cm D Csl &l 4 A
Z. kv b7y FTORD X ICHlA LT, Y rFL—a ik, TS PMT <, Bl
MPPC Tt L7z,

[Iice—AT A PTRoN AT 5ifizmd, CsLicige L3 ¥—2% 100 MeV LA Eo
HRZM T, RD v ER, EMBPUETHERZ AL TS, AT FMICEWVT, v BRERDY
90% %% XAy bREEL. BT HERZ 0.36 15 F THINTE 7.,



1.3 Awt7ED HIY

™ TG
Entries 215780 | Entries 9295
Mean 2708 |[Mean 0.1763
RMS 2519 |RMS  0.9856

a.u.
T

0.1

collimator 0.08
15cm

0.06

Y
— Neutron

392MeV
proton

0.04

Li Target (534
mg/cmA2,1cm)

0.02
T T T 13 Magnet

\\\‘\\\‘\\\‘\\\‘\\\‘

THEBRL TV 5.
Om 4.18m 5.68m 30m 0 bl
At (ns)
1.8 ¥—AF7A Dy 7y 7 [IU], M 1.9 E—A7AFTRS N AT 54 [0],

TRERDS v FRRER, ERPPETHR 2T T,

1.3 AR OER

KOTO BTl 2018 4EfkIC Csl Aa Y X —# 12 MPPC ZHUh £ 2 k¥ 27> 7D 5, 2019 48
2H»S 4 HIZ»p3TE =42, 7= 20T L7, KA TIEIZ DT —% %2\ CiligisaFiE
IS & B R ER O % ST 5,

AREFFEDS, FATHE E KRECE) £ 2 A3, EBRIC CsI Ar Y X =421 MPPC ZH(D 1), 2Dk
WfFL 727 — % CHIERE 2 WS iTh %, RfTHIRTH., E—L T A b &217% > THIERE ) % H
WO oTELN, AEBREBLRZHENE L, 2NETTREATDTH B, AFETIE, KEL =250
FUCHRATIE & D b IEMEICliFEA TR IS X 2 HIRAE ) % 5Hifi ¢ & %,

—2HIZ, KOTO EBOBRE TR L 727 — % 2 i) iTh 2, HlZIE, E—LID2WTTIE, v
MEFETDOI RN —MHEBE—LT AL EAREBRTERLZ S, T2 VF—H#HIFHICOVWTH, E—A
T AP TIEAEMICE L LD 2V F =D &5 300 MeV DL T DOERD AP > T30, KEBRTIX
1000 MeV VL EOFERRLFET 2, 2D, E—LF A L DARTRAEBRTOMGATEDMEREZ
EfICAEO N, Fo, E—AT7 AT REOAVEFESETLLT A P &2fTb R o 7ehy, RHE
BECix 2716 o Csl ffxE W TWw» 3, KIFETIE, IS X 2 FERRPREREOMEED HA
SPERE 2 R CE 5, flllicd, CsI An Y X =7 DS o, MPPC % #ia i $ 72 & O [R[ &0 HAR .,
/A4 X, MPPC % CsTIZHUD 1) 2 Fiko &6 DI — LT A CTIEAZ 2 L3 CELhdh o7, K
WHETld, Tho iz 2 THIRTE %,

ZoOHIZ, E—AT7 A PTEMEIL 2T o v 7 —AEEGETED, AFEBRTHERERERD D 54
BOBREE B 2 TH B, EEED KOTO EERTIE, AF LRI Yy 7—2ERL0L, 2K
HFEFDRM OBIT Ty v 7 —2ER LGB ICERERELD D 5, Lo LAfTEOE—LAF X b
Tld, AL 72TV ER L7y v 7 — LA BIMIL TE 63, ZXpk7Ion 4 2 HlsaE /) o HE
HBHIFL I 2L =2 avDARTITbNTWS [[00T], ¥Ialb—yaryhs, ZRPEFIE TSR



9, ZXPHFO AT 29 2TV EVHIBR 2B o N5 2 Lo Tw5, 207

O, ZXRPET R IE U 2 AUZIERE I HIREE ) & BT & v, AR TR X ET O EA L E
FIxt L CHIRBE /) % i3 5,

ZOHIZ, oAy b EOMBEEBRET2ETH L, PETOAY FELT, 77AY—BIREH
Wichy 3B HH, SATIIETIZZ DA v b E OB EEL sty Zohy MiE 1075
FEDRROHIRAEN 3B 5 [B6], 2D, MgAFEICEE Ay 7 I35 —BIRODA v + & DOH
%R 2 2 EEETH L, WEEZH WAy b b, BT [I0] 26X B INTE Y, %
L 32 EBRETH 3,

AKFZETIE, DLl Mz gE L, Wiy &%&%ﬁwf¢@?%%$%@mﬁ%ﬁ%%ﬁ%é E N
PP RFRICNT 20y P& TOHIEREIZ#RE L. SES #°3.0 x 1071 &I Fllxn s h
P RFREEEL,

R CHEH T 2 57— %13 MPPC 5%, WO TS LT =9 Th b, 2Dk, MPPC D
B EDA VA= L TR, 7vHD MPPC DA RV = ay, =A% A LAhOLEER
EWCDWTHIBRS, G XOMBIZLLTOME) Th %,

DE KOTO EEOMHEIC OV TR,

BE WHATEOEREEZFHL 2%, miFEATEOFEMIC > W TR,

AE @EHOMEIZ OV TR,

BE fEircHwv: y ﬁ#wfw@%—&m%\4&Vbﬁ%ﬁ\$%%%momfﬁ&%o%@%\
2 7D R R

BE %ﬁ?mmk¢ﬁ¥%%$%ﬁy7w®%—&W%\4&Vbﬁ%m\$ﬁﬁ%momfm&
%, Z0OH., Vv 7 NOZMEEMERT

& MPPC OEfFLENM:, HhEREREHIm < waﬁ&%c

BE igiaFikz otk i R R oMz Wi 5.

QE PHETERERZEIRT 205 v + & OMHBEZ KD %,

AO0E MEE%HZEL 72 LT, SES293.0 x 1071 oA Pl I N 2 hiE iR HEREE D 5,

A2 oSk wTEZELZITI.,

A E AWEOHREZIRRS,



/\'f\—2_ﬁ_

e B

KOTO ZE8%

AifZETlE, KOTO EEB TS L 727 — % 2 AT 21775 > 7. AR TlE, KOTO EBD F5k
BREE L HAC oW TR R B,

2.1 RERMEER

KOTO 2513 Sk AR AR BN 12 & 2 IR EE - I dsfia (Japan Proton Accelerator Research
Complex, J-PARC) [8] TfiZz b T2 %, [ 0 12 J-PARC & 5% 53, J-PARC O 13
Linac, Rapid Cycling Synchrotron (RCS) , Main Ring (MR) 2> 5 X 11T\ %, Bz Linac Tl
HInZDb, RCST3GeV £T, MR T30GeV FTh#EI N5, KOTO #EiTlE MR THIES
NP iz Pa v ai2ihsicg ML THEEZTR>Tw 5,

RE l\jljRﬁ 600
B&E300m 5 51600m .
3Gevi U OO 25Hz 30Gev 70ROV

LINAC TS 3
e s eoltm—
£ ££300m =
400MeV 25Hz [§

2.1 J-PARC o BIX [R],
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42 % KOTO £

22 E—LZA1Y

=
S
—

Beam plug
KL 1st collimator
| |Sweeping magnet

KL 2nd collimator

KOTO detector

2.2 KOTO EEDE—L 54 X

KOTO %5t —24 54 2K P2 1287, MR T30 GeV £ TI#S 7P 28 TTE
% ("T1 target") ICfEE IV T, Ky #4875, K E—L7A4 VIZEZ 20m TILOBFE—L 7
A5 16° DHAICH L, ZHUTX > T, JILDBETE—LDHFFNSEAP T i1, KT
H?5 Ks DEZHIFIL T3,

M E—LZRT 272012, 2003 ) A=Y ZHENTRICKEL TWw5, E—AFicigENs
Kp DA ORI FZHIT 272012, WO DEEPIREINTVS, £T., E—2oH0D v #% HIK
T 57012, [EX 7 cm D% photon absorber & L TEWTW2S, /. E—AHFOfER 1% HIJH
5701, 1.2 T OWfr (sweeping magnet) ZRKE L T %, E—ADRRELWEHE, E—A0560
TXRRA IR, FEERLY TICYEB AL S X 9 I beam plug SRIEI LT 5,

2.3 MihsEs

KOTO & o #iHid oz X 2R T, KOTO Eomtasix, 0 OB cERIND §
F2WEST S Csl An Y X =5 & ITKFBFEL 2\ 2 & Z2MRGET % veto B TR I T
W3,

E— AP EEN R EBRAT AR L 256, 70 2R L THRFRICED I B
O, Ky ORI (decay volume) IZEZAHRZ N T B ENH 5, Tz, B — L34 7 THIEMHA
WL 2V 2856, E—L %, TEHETTEL v B EPHEAFH L. veto B THIE T
EHVERDH B, 2070, KOTO EEETIRE — 4 LRSI k2 R iEE T, HHEE 2
GUMNSREEZERY v 7V TH> TS, MINGRICEEFNIVEDPCDT Y N T ADHEZINZ 5
7o, BB L B ORIETISIE A ¥ 7L v EEIN S 7 4 VA THY s T B, BIEEFIE O



2.3 ritids 11

JE7113 1075 Pa FLEE©, MR E I N TV A HHIEOITE 11 0.1 Pa fiETH 5,

Y ]FB NCC Hinemos MB MBCV IB IBCV CV CC03 OEV LCV CC04 CC05 DCV CC06 newBHCV BHPV BHGC
m
2 i) — -
1 gl -==———~-——=———
g Kibeam % J Decay volume — ‘
0 T 7} (vacuum) w [Ep— u@| 00 0 T
By Na- 34
1 T T . )
rrrrrrrrr CSI —— concrete/iron shield X z
\ ‘ | \ \ ‘ \ \ \ \ \ ‘ | Zm]
0 2 4 6 8 10 12 14 16 18

2.3 KOTO #EEofitids, z=0 13 FB (32 i) ® i Th %,

231 CslhOYUX—%

24 Csl An) A=%D, 7RV small &5y, B il large ff T ST
W5, BEDESTIE Outer Edge Veto (OEV) & MEE 5 veto #H#TH 5 (E3 23 i)

Csl 71 Y X —%13 KOTO FEFohh & 2 2 BilidTH 2, KA IZ CsI vy X —5 DWiikiX
ZRT, REIIFHER1Im, BTZ50cm TH5%, Csl pu Y XA—FF, F=7IN TR0
72 CsI fifilh 2716 K oI NTE D, 209 5 2240 Al 2.5 cm A D small i (K 4 DR
B53) T, 476 Kk 5 cm D large i (X A O FGIED) ThHh5, 2N ZTNORESIE z #FmIc
50cm (27 Xo) TH 5, ZNZNDOFGMIINCEZIECT 2O, MO EDTHZI oI, 7
WIRELLERAT—DTIANL(TLVIFAARRA T7—) THATVS, E—L8@)ikiITon s
Lo, Lo 15ecm AOHEZ E— LR —LE L TRIFTW 5,

Csl i oI N2 v FL—y a VRICE EEHORD D H 5, — DO HIZHOFLKT T B
IR 2Y 10 ns 2> 5 36 ns THEDRAMEDIEE 315 0m TH 5, ZOHIZEWFILH T T, iR



42 % KOTO £

23 1 us THREORAMEIWEE 480 nm TH 5, FfEEH» 6D v F L — 3 vould, TRMNcHD
f1F 507 PMT THAHIN TR 5, BOFLRTD ‘%’i%\ﬁﬁwﬁ4w777%%C#
480 nm 25 650 nm DN Z WX 9, 300 nm [HEDN AT 7 4 )V —% PMT ERGICELD {1 )‘“Cbl
%, Csl AmY X =% DI F)X =73 icmﬁ7(“ﬁ@lﬂﬂﬁ%f%%ﬂﬂobﬁf@
FFEHMEERL, ERAFETFOIRFLY— (GeV) TH2, Csl AV X —% DFFIC OV T
IZE T B (1414,

2.3.2 \Veto t&itigs

veto MIHER1Z 10 ORECTE 2 2y DN DRI TFBFEIE L 2\ 2 & ZEREET %, veto BiHaF 1% At
T DSV EZ D T X ) ICERE I N TV 5, veto ISR ICIZ K Z { 431) T Barrel Veto #&H 25,
Collar Counter, Outer Edge Veto 25, i Bk 1 Veto #HiaR, £ — 24k —)L Veto #2035 %,

2.3.2.1 Barrel Veto #1583

v #t% veto T 57200, MER oML TH 5, LI Front Barrel (FB) . Hii#ic Main
Barrel (MB) & Inner Barrel (IB) [177] L WFIEN 2 BHHZRDIRIEI LT 5, IB 1& MB ONHINCEEE
INTw5, FB OHMWIX, HIEEGEIS L D & B CHE L 72 K RO v . D U < ISR o
L BN RA 7S v Bia ez 2 2 L CTH B, £721IB & MB O HIVIE, HIEGIS TR L 72 K H2k
Dy MERZDZETHD, ZNTNOMHEBIIHE T IRAF v 7> v FL—YOMEMETTE L
PN Thu) A —=4Th5, FRERAADEZIZFB 2816.5X,. MB 2% 14.0X,. IB 285X, T
Hb, PvFL—varvlderFL—FICHOAENIWRELIT 7 4 N=D oA HIN TS

2.3.2.2 Collar Counter

Collar Counter (Z & — AHuLfFiEICE>NBEHTE TH 5, £ Z 4 Neutron Collar Counter
(NCC), Collar Counter 3, 4, 5, 6 (CC03, CC04, CC05, CC06) L #4fHF s TWws, NCC o HINIZ
A & D b ERMICRE L CTE Ly BERASZ 2 ETH D, CCO3 DHNIZ CsI Au) X =%
HECHE L T TE % v #iE# A5 2 £ T, CC04, CCO5,CCO6 DHMIFE —LF—NZIRKIT S ~ i
ZHZH I ETH S, BHEIE, P73 TRtk Csl i SR I TE H, PMT Tt
AHINTWw%, NCC Tl ¥ v FL—va vlizlRER7 7 4 N—2HOTEAT L TWw 5

2.3.2.3 Outer Edge Veto #& 25

Csl A1) X =% offifid, MEHOMEETICEI» LTV 5, gk s CsI oI &
TIRF IV FL—FDOMEETTELEY 2a— L THO SN TWE, ZOMH#% Outer Edge
Veto (OEV) [1R] &M (X 4 ofktai ), v FLr—vavikix, PvrFLr—2IcloiiEznik
WREW 7 7 A N=D oA INT 05,
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2.3.2.4 fIBKT Veto @Hﬁ%
K, — v B ISFER 23R L R0y, b FilE — PRATEN T2 80 b 0»%  F#1E
T2, 20D, il *i?%: veto § 3N DH D HEOMER FRILGIREI N TV 5,

* Main Barrel Charged Veto (MBCV), Inner Barrel Charged Veto (IBCV):
Z 0% Barrel veto fH & O NI E LT 5,
e Hinemos: NCC ®OWHIIZ{ED LT\ 5
 Charged Veto (CV) [19]: CsI Au ) X =% D9 " LiRICE» LTV S
* Liner Charged Veto (LCV): CC03 O NHlIZED 1T 5,
* Downstream Charged Veto (DCV): £ — 4 Fiifllic € — LI > LB TEIPILT W 5,
» CC04, CCO05, CCO6 Scintillator: Z#1Z#1 CC04, CC0O5, CC06 D 7§ " EIMICEDN TV 5

ZNEFN, TIAF v IS VvFL—FTHERINTED, >vFL—varyiivrFL—2icHo
AEFNT-FERERE 7 7 A N—, b LT P 0L FdroRARIN TS

2.3.25 E—LiRk—JL Veto #&itigs

E— LR — V&K 2R Z BT % 7% ®. new Beam Hole Charged Veto (newBHCV) 233
BINTWw5, -0 F— 2k} 5 vzl d % 7o, Beam Hole Photon Veto (BHPV) &
Beam Hole Guard Counter (BHGC) 25 E. I 11T\ %,

newBHCYV % 3 J& @ multi-wire proportional chamber MWPC) 2> 5l I T\ 5%, Z2D7d,
eI IEED D B,

BHPV 3t 2702 2 W 6 R EN TV 5, $IC L > TE— A ERIC & - THE
T BETEERL, BFE Yy 7 —2BRT S, 2O vV =B 7ur vhzi@o kst § =
Lya7zgiig s,

BHGC (38 & 7 7 U MR GRS 1T\ %, BHPV 23T 2 D3 L Wi Th 5, ©— 2%t
BIBDNT % veto TE 5,

24 F—HEE

Csl Am VY X—%, veto B4 & H 12 Analog-to-Digital Converter (ADC) T % Bt L. e[
PIRNLFXF—ZEHE L TWw3, KOTO #EEi¢ik 125 MHz @ ADC & 500 MHz @ ADC % ffi-> T\
% [20], IB, newBHCV, BHPV, BHGC iifHigiot vy F L — F23FE w72, 500 MHz ® ADC
Zffio TiAH LT3, Z20btomiigiclid, 125MHz © ADC %> CiAth L T3

BHi# 5 DD % 125 MHz @ ADC THUS 9 % & IR 72 0 \ﬁWQJLDﬂ%®
T 2EBRIRTER Y, COMBEEZBRT 27Dy L7 4 VY =0T, EEE2HS
HCLE BB ETO T =8 Hiehe L, KEgBEzH bk X HIcLTws, KEI I ADC
DRy X)L 7 4 VF —IZ X A Z R T [20], @i e B EaE L% 20 ns 205 60 ns
2L T3, 500 MHz @ ADC TlERy &)L 7 4 L7 —%Z Tz,



42 % KOTO £

100 i e e s e s

Votlage [mV]
T

20 oot SRRREE et RRRREE SRR AR
140 e PRI R R SRR e SRRREEREE e

160 -t e SRRREES SEERECREDRES P P SRRRRES

_180_||i||||i||||i||||i||||i||||i||||i|||
0 100 200 300 400 500 600

Time [ns]

X 25 ADCHDORy L7 4 VF—IZ kBB [2T], Ry £V 7 1 V8 — @i
Wi, FEDI7 4 Ny —llBEOWEERT, I al—YavitkafRERL TS,

25 SvERNUA—DOEH

KOTO EETIEMIE S v ofthic, Ny 722759 v FOREHEE OB IED 72D 1Bl 72 5 v 247
o T3, UNTIEAMIE TH G- 7 v OfSEICOWTHR S,

251 YESY

YL V13 K — 7% 2R T 20075203727 CTh s, AT y o7
NELT, VB S voT =820, T—YHRICEEEDO VY =2 HTwa 2y, 22Tl
RN I —DARZRT B,

2.5.1.1 Physics Trigger

Physics Trigger 13 K1 — 7m0vi 2R T 270D VA —TH %, CsI TEL LD T F )X —H3
B SN P YA =TI N5, RN T =8 20T 572012, v 74 v Tveto ZH1F
TWw3, 74 D veto Tl&, CV, NCC, CC03, CC04, CCO5, CC06, MB, IB ZH\»Tw3, %
7e. K — mup Tld, 70 ORET oD y BB TE D, 20D, A I U TEHEI N CSL A
QY RX—=FTD7 7 AY =D 2 HOFRZENL T35,

2 TRNFX—DPELLFERDEEED, 1 DDA FPBIERLI TSy 7 —ICkoT, 1 DDV FAY—=WBTES, 77
ALY —=IZOWTIFEETH LT 5,



25 iU —DfH

2.5.1.2 Normalization Trigger

Normalization Trigger ® + V) 7' —DFAT5M:. 4> 7 4 > ® veto % Physics Triiger & [AEKTH %,
7R =BDEMEDR e, K, —31°, K =270, K — 29 D% Y 7V TE S, 207
YOT—=8E, T FZHEHICSEEN TR I N K OBORBEL D, Nv 7777y FEDR
By hicHw3,

2.5.1.3 Mimimum Bias Trigger

Mimimum Bias Trigger Tl&, CsI T—EM LD X3 )L ¥ =B S L7z RFIc B Y A —2FfT S 1
B, AV T4 VD veto R T AY —BOEMIE R\, TDOITVDT—=FIEA Y T4 veto DFEER
HED 2720123,

252 Z0AlZv

Z0Al 7 v O EZX A IR T, THETFEREROa Yy te— LYy PV ERET 579, FB @
it 5 64cm EROE—2 a3 7HIZEI 3mm D7V IREEE, E—2fucEEn s bkt %
HELZ 2 3, 70 SIS X o THELS e b o— ik, B Csl An Y X =% icdhi b, kT
HRFEREMEL, AT, PHETFERHRZHEMT 272003 7V E LT Z0 Al 7 > HhIcHfS
LT =% % M5,

beam-halo neutron I | S —
ﬂ_:l_l

3mm-thick
Aluminum plate

neutron

2.6 HETHYINERIGT S720IX{T277 v (Z0 Al 7 ) OME, mISEOE—24 2
THIZ, TUIREEE, ©—athohiET 2 BB ICEELS 5,

2583 Za—AvIv

Sa—Fv 7, DAHTHERZLE—L T 7 TR TIT) 7 TH DL, E—LHFDIZEAEDF
TRE—LT I 7Tk o2, BOEFEZFEEOI 22— VIFEHBTE 2, —HomH&HDO* v
V7V —>arTiRia—Avy 7y Tiigler—g 2T, A7 Tid, MPPC 23 L %
B OLENZMEET 2 eIV,
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/\'A—Sﬁ

5o B

Csl 70OY X— Q@ﬁmb =)

ZOETIE, yBEFETFORMNDOI-DICELI N, Csl hu ) X —F DifjgeAFEIC DT
N5,

3.1 HREaEDZEE

KOTO D FEEi 258 $ % &, Csl An Y A —2 Oiligi s LTI 17 2 B XU T D5
2l 7o BN H 5,

Csl An Y X—=%0 EfICRIET 5270, BYWHETDH 5,
i o+ o R %285 ENTE S,
ARYA=FDIEGI 3L F —FHIHICHIETE %,

CsI fMDFNWRETH 5, FIMEBITEREEZ RO,

IR 73 ARRE DS R o,

A

bRt E w2 e & LT, A k=7 2810 Multi-Pixel Photon Counter (MPPC) T&%
%, S13360-6050CS [22] #fHH L 7= (X B),

MPPC 3B DZHHEFDE 7 2 bR S e, FEAERIESRTH 2, —DDE 7 LIV,
Avalanche Photo Diode (APD) & 7 = v F v Z#fir o I8 D, 4 B —€— FTEIET 3,
FEELT, 1 2072 VICHTBAH L ROESORES R, AETFOZZILF—ICL6§—
ETHD, £/, BEOE 7 2 VITETFBAH LGS, el L7 e VOBUTIG U 72K E
SOfEFEZHNT 5,

# B0 572 MPPC OfEREZ2 /R, £ IWERICOW TR, Migis TETHA L 72 MPPC
1% 0.036 Xy LIEYEETH %, st L7y —7 V2 EDYERIZOWTE fiicihR %,
Csl #5i 6+ %t %282 72 o2, MPPC % small #5512/ LT 1 O, large f5fIc L T4 o
WO F T, £/, A0) =X —=F DAV Z RV —FHIBICHIETES L), 7R ILEDEL \»
MPPC % {H L T3, SEEH L7 MPPC IZBMIc> V) a—v2#HL Tw2 7o, iR
LRENRD 5, X B AFHOEDORSR LRI OB 2R 9, ARiaS Mg T2 T L 72 MPPC
ZR L, BEREBEMB R X D MPPC 2”9, MigiAaTFIETHM L7 MPPC 13, CsI vV



18 H3F Csl Au Y X—% DiligiAaFiE

A= DRI TH 559 315 nm DI SIEEDR D 5, KT HEEIC O W TE, BETIER S,

3.1 CsIlAu Y A —% B £41F 72 MPPC (S13360-6050CS) [22],

# 3.1 WigAFETH 72 MPPC (S13360-6050CS) [22] DHEAMERE, LAY 25°C TOMIERHE,

BRIZINHH A R 6 x 6 mm?
vV 14400
7Ly F 50 pm
%' —27 L —k (>0.5 photo electrons) | 2 MHz (typ.)
R PR = A 270 — 900 nm
B ER 1.7 x 106
FEREH (VBR) b3+5)V
HEARE) (R (Ver +3) V
HEREFEEE O ATVop | 54 (mV/°C)

3.2 FiAHit LIOlEg

AffiCld, WagtAFEOGAM LEEEICOWTHRNS, Zogisl L RO E, KBRYE ok
B - RIS X o TiFb iz [23,04], X B3 iciligi i Fik M7z MPPC DgiAath L o % 73,
MiFE A F 5T AERT 4080 il MPPC 285 L 72, F v v 2V Bz HNNT %720, %D MPPC
ZFEEDTHAMLTVE, £7, 420 MPPC 5 DE5%, HBTHBRE1 4 7Y v b EHNE%
foTFE 02 (5. N 7Yy FERREEK T & ® 57 MPPC 2 MPPCWPHd LIgs, ), &
S5IC4 DAL 7Yy FRED»SDESEZY LT Y 7 TRLHITZFE (5%, TAT7V 7 TELEDS

2 IEMEICIE, 3 DAL 70y FEE2 S DESEY AT Y T TRLOIF 2T v v VO EET 5,
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(Typ. Ta=25 °C)

50
—-— S513360-**50PE
——— 513360-**50CS
40 /\
30 '/ \

! N
10 , AN

i N

200 300 400 500 600 700 800 900 1000

RHHNE (%)
[

& (nm)

3.2 MPPC Dz & IR OB, RS A Tk ol L7 MPPC (B3> ) a—v
Wi . REDEM DA ¥ S HfliE D MPPC,

7z MPPC % MPPCs"™ LIES, ), ZHUT X o T, &R TAH L F v v 2 V% 256 £ THITHK
L7,

50mm

SoREEE
5 It
L1 1

Summing Amplifier Summing Amplifier

25mm
>

50mm

—
—
—
—
!

3.3 WigAFETH 2 MPPC OFida it L oK, (4) small ff T, fiiH 1212 1 20D
MPPC ZHD 11} 2, BEICHA 72 4 DOREEDES 2 A 77 v PRGN (KIBA) T Lo, &
SIZ4HDNA 7Yy FEIEE» S DESEZY LTy 7 CRLHITS, (FH) large Tk, #if 1
212 4 5D MPPC #HUD 1 %, FHUHSICES S i MPPC OfE5 %214 7)) v bR TE &
B, ISICA4EDNAL 7Yy FRE»SDESEZY LTV 7 TRLHITF S,

FlZ BT A 7y P EERORE 2N B IR, A 7Y v FEfEIE MEG I B TH WS
NTW3TFETH S 28], B ICEFIER., WHlER., A 7V vy FERO K2R T, ~A 7
Vo FEEhtIE, okt L D SRIEPEMETH 2720, EREEH L w, LrL, "7V vy Mz
BANIEBONE DD 2, ~NA 7)) v FERETld, MPPC DISEIRD X 9 ZENRTI1E 4 2D MPPC
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38 Csl huy X —%oljzAaFk

om—‘% 01|_|F§ omF

MPPC MPPC MPPC MPPC

Readout

34 NA 7Yy FEROREERX, MEG I EBETHW S nTWw3 [29],

# 32 FHETEO HE (23]

HH [IER7IEE7S 7 NA Ty R W F
e “5 WA & D b #HE M
EIYEEARR =A% B> s
NANT v THER v fiv fEo
IRF[H] 57 B INE INE KEW
SR BIGIC X 2774 Y OARf | FEL 2w FEL FEL I\

X LTSN id, 50 & 9 REANS 1E MPPC IR L CESNICHN S, L7zd5-> T, MPPC
IZ T BEEZES R I TIAsN S, £/, MPPC ZHkTHalt ¥, b L < 125 c
T2E0Db, BROREENFL 55, REBVEL %5 L, WBED A IVT v THERIVNS SR,
IR R /NS < & 5 [23],

512, MPPC I3 Csl A0 Y X =% D BIICRIES N2 7=, BRRBEHOREDLE 2 2 05035
%, [EFERETIX, Befit S 1172 MPPC [ CRURBHEEG 235 7% - 758102, 7 A Y 3N 12 72 5 [23],
NA Ty FERTIE ZOME TR, ZNSDHE» SN, 7Y v FEREZFRAL w3

WZ4OoDNA 7Yy VERDPSDESE, YAT7 Y7 TRLETS, KB, MPPC Ot
LDF ¥ v 2 a#ElERT, BiET 2 FEO/MS (10 x 10ecm? %) 225 DF5%2 447 v 7 TRL
L%, L7700 DEFIE DETHEXRALOBEE & FHEkIC, 125 MHz @ ADC % fvw i A
HInTtnwsz,

3.3 JEHMRHEDED [ IF1EE

2018 FfkD 6, 2019 FELITHIT T Csl Aa ) X —#12 MPPC ZELH fHi)7-. BXO AT EE T
MPPC %2 Csl 7)) X —% 15T A2/E¥E. MPPC 226 7u v kv FREADERE. ADC ~DOid
MEITR o7,
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HHEB

H
B

X3.5 MPPC @i iliL O F v v 2oy, Bild 5 MOk » 6 D0E52Y L7 v 7TRL |
T, BEAH LTS,

331 EBFE

MPPC 2. TTICHAVTCONZEE R Csl A0V A=Y DI T 30BN H -7, /-,
MPPC £[filZ  IZATED, ZOFEETIIEET L2008 L v, ZD7®, MPPC I btk % B8
L. 205z CsTICEET % L) FEE2I- % [26,07],

£9 . MPPC ICH3ERZ B85 T 2 FIHRICOWTHIIT 2, X BA ICHEREHD MPPC 2737, #%
Ak, YV a—vE R CEEAAZAV, L L, WlICEE T 5720 Tl ImERLIC K -
Ty Y a—yIUE L, MPPC £ A#EDRICKIEATETL I MERH > 70, N O Tkt
AL, £9. MPPC L%tz ) a—v THET 5, ZOFEIC MPPC & A%EHRIIC 0.2mm 21
OREMZESL Y, ZofET Y a—rTiitT LT 5, Ry ) a—volfiifbik, &) THEL%
Mz 7-ik8E<T, MPPC Dz =R ¥ S BIIE TS T 5, Zhuc k> T, MPPC L A¥EWRM D23
WIREED F FR7-N D720, KJEIFTE R\,

RIZ, MPPC 238 SN 7o stk Csl An ) A —Z128E L, #5121k, UV @iy < il
SRt 238 5 . EPO-TEK-305 [P8] Z M L 7z, BEAVHEICHES T2 2 &, WURHE2 23°C ©
24 Rl ChH 5 L xEE L, KBED DREEZHWTEEZITR>7, NRIZKk>TMPPC % Csl 7
BYX=FITHLMITTESE L, £, IBRIZDVLTVL LRV RNRICE > T, Xy HROEENE
DWFHE L TH 5, BRI MPPC #4510 Eifinrs A Csl An Y A —% %533, 7L—u L

7 INEA 2011 & v,



22 H3FE Csl Au) X—FDligisFik

MPPC
»yya-—->

BRR

3.6 RENEEERD MPPC, @) a—v (Fth) & 2H X HEH (B) 2Hv»TMPPC &4
B () 2R L7,

WAz ATV B D0, MPPC 25T 527 0DEETH S, ZOBEEZHVWAZEICED, —
153D Csl S FIRFIC S L7z, XIB3 ICEE S 117z MPPC Ofi%iz 3, 45 HIET 4080 D
MPPC % #7572,

X 3.8 MPPC &+ D il Csl ha Y
A—=%, 7 L—2L LIS A TW» 5 DA,
MPPC %2847 5 -0 DIRETH %,

37 MPPC %z CsI Au Y X—FICHET 0%
IR L 7236 5
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4000

3500

3000

2500

2000

Number of glued MPPCs

1500

1000

500

0

L L L L L L L L L
0 5 10 15 20 25 30 35 40
Days

2019/10/01 2019/11/15

3.9 MPPC OE5EEDER:, fitllhdEs I 7 MPPC D& EBZ R T,

3.3.2 FcHR{EZE

B0 iciljze A FikomA L 2 &0 - 22 m3, £/, MBI I MPPC £ ¥ A F— LD
Csl WXz~ 4, X BID DL 29 0WEIZ DWW T, iR %, 4080 fii & 5 MPPC
DfEF1E, MPPC OIE ERICERE L 724 7Y v FRIEET1020 M EcE Lo o s, 20k, B5
X Csl Av Y X =8 OHNHICEI» N/ FERITIES NS, HRIIZY L7 7hExH D | [551F 256
fllcgtdons, Csl AR Y A= IFEZEFITEPNT VSO, BEFIFERERD7 4 — FA)L—
Zi@->TADC F £S5,

MPPC 264 7Y v PRI, A 7Y v FEERRIE» S 3 L7 v PO H % HRKE TD
Bl#ld UFL &) [y — 7 v 2 fvie [29], 207 — 7 VIEIREIVN S W I EITA, EER
1.1 mm &7z OEYERDPERCTEZ05TH 5, SHOMFGEATFIETIE I OB — 7L DR
oEs, IMBEARTHV 25X L Cw3, £, 227 MO EEEPBRHLTEY, Mo
&GIEICHEMT 2 L MPPCIC HV 22133 2 BN TER, a7 YW HEMT 2EMROH 24808 & L
TiE, HER EDOEES CSI MDA ENTWVREITILIFA AN, 7=Bdb 5, Iz, a
F 7B EAT P TTELT T TES> TS, £/, CIHICT 7YV TTELX Yy 7%
. ¥ vy Z7ONMIIC MPPC, 7 — 7L, B2 ILEL ., ¥ v v 70U T LS F A4 A2 A 7 —
EHET LIk T, TAEFA AN A F—axryimicmnicnwkiiclTws, MBEIAIC
MPPC A Y A = #D Bl 6 B CsI An Y A= %Rd, AnY) X—% EfHE»6HTw5
RauDr —7 VH MPPC G LD UFL 7 — 7V Th 5,

VLTV TDHLEENET7 4 —FANV—, 74 —FAV—006 ADC % Tldfiomitds & Rk
Ethernet 7 — 7V i L T\ 3,



24 H3F Csl Au Y X—% DiligiAaFiE

CsihaUX—%
LiRmE

=g A&
Ethernet7 —7)L

Ethernet7 —7)L

|—->

RS
ADC

3.10 MFHEAFIEOLRMEG [24], (1) MPPC 226347 v 70 dH pHMRE T, (T) EHhiro
ADC ¥ TOMEZRT,

FAIFAXRTAT—
mppC — | |

REIR /—% Csl

RE#— |
NATYy FEEA

BOF v 2 LH5OES
I

——3

_—

UFL 5 —=71

Csl

e

Y LTV TEIBEEA~

3.11 MPPC A ¥ A b =D CsI Wi, (L) ~A 70 v FEELD W TV small 55
(BED 3/4), (F) "4 7V vy FEENDWT WS small #5% (2D 1/4)
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3.12 MPPC £ VA F =D FFifl25 R Csl pay X —%, Csl @ LS HTwv 3
Btuor — 700 MPPC DA L7 —7)V (UFL) Th %,

3.33 MPPCHIOfIFICKD Csl hOU X—% EROYEE

K ORBETTE R A0 ) X =% LROWE CHAFENZE SR 5L, AnY X —F TR
HMTERWAEERH 5, 2D, MPPC 2l H1F7: 2 Lic X 2WEROHMNZ HES -7,

BERCRL7boD) s, Hifli CHHIN T A2 > WEEZBNT 5. & MPPC ©
o Touhvifint, ROOKRMcE-7, £/, 7V 3574 AFv 47— Csl fifh % 9 B
RV 7—=7%fH L7, MPPCA YA b—)LTCsl Au Y X —% BRI Z-WERIZ. G5
T0.043 Xy TH o7, B3 !2 MPPC 4 » A b =T Csl Riftic 2 7= WEREOWNiRZ /R T [B0],
UFL 7 =7V Hhofids s - & b RELREGEZ Dz, 0.043 Xo ld 30K, CslArY X—=5 D
PERB BT G- 2 25\ [B0],

Teflon in cable Quartz plate
MPPC: 0.0036
/Board

- reflector
Cu in cable

couse  Agiecen

v
\polyvinyl tape

3.13 MPPC £ v 2 b —)LC Csl Bifilcii 2 7-WE s O WNER [B0], &EHT0.043 Xo TH o7z,



F3E Csl AnY X—% OlligisFikE

3.4 FHIRAE

MPPC 4 > 2 b — L HICFHii 2 T, CsI A1 ) X — & O4fE o IIE, i, FHfosEE L
7o z friE & R DAY (z-t 2946) 2 HE L 72, AR IR KRICRFED B KIC X B HF%8CH % [0,
COMEE Csl fdDEEEZIFET 272017 o7, o, B LZME@E 74 F L, 287
A=F %y Ial—yavilbllAAAL, P ITal—Yaviion T BEIMitidR%,

341 wybhr7Zv>

M BEId I FHBHED e Yy b7y TR T, FHMEMET 52201, PYA—AY Y —% Csl
AYA—=FDEPICHRELZ, 2O MY —AY vy —I13EZ 2000 mm, IF 50 mm, &I 100 mm
DTITAF Y I vFL—FThHb, CsLFGDES NI §T KA ZHET 272D, TD Y
A= vy —%Csl AnY X—=%D z@imNc, E 6 RKTORELL, TNETNDOAT V5 —
Zi%is 5 PMT %2> THAH L, 125 MHz @ ADC %2{li> T ZIE L 72, £7-. D5k
HEFICIE, B DX ICH LT Y TIDE DDA, 7V y FORBEEEZ»IT T, 2¥%6, K
B D L) BHRDOYGH, 2TONA 7Yy FICEEZPITITw3EE, by bOH -7 4 DDfGEHD
SOEFVRL EFonzo, Eofihd o DEE»XATE LD 5 Th s, MPPCYHd 05
t. D MPPC CatAtHEINfHo e vy 2k PMT OfF%5 il L 72,

3.42 EZREH

ENOFHEBAT VI —IZ—DOBU ey FRBZGAIC NIRRT L, T—FEZHHS L 72, Csl
A X —%d PMT fllix Csl fidkZ Ll CiAE I N Tw 35720, PMT OESrofMmot v
FEERLZ, £, AUANA 7Yy FEIBICER I N T AMMOFEICE vy 232 & HEk
L7,

3.43 HEULYEESE

4TD Csl FEfIC W T, YeBOMi, -t HBEZE L 72, FHEA 7 v —13 Csl Aa ) X —
YD ETICORKTOH B0, 1 DOFEGICR LT 2z li7HNIC 36 DT —% RS TE %, FHRRH
EDRFTTIE, Csl Aa VY X—F ol z=0mm & L 72,

3.4.4 KE

FHEEHOT, M EOWBERE L, 72, Y22 —y a VISR L 0B E AR
Loz, MmI LTy 7L —PEEE2ER L7, KIBEI8 12 1 DOfE5ICNT 57> 7L — FMiEE
ZRT, TV L— MEBE, WEZEESTHELLERGDE L 0D T U7 7 A A SHHR L %,
—ODFERMICR L, z I 36 Y OAEICHINT 57 v 7L — FEBEZEG L 72, EFEIEDIT O
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2000 mm

A
[P
v

1235 mm v \
I--tEE | e
1360 mm :ﬁ;

3.14 FHBWED Ly b7y 7, Csl AU YA =S D LT IAF Yy 72 v FL—FTTE
b UT=AT V8 —% 6 KOIREL 72,

R LY LT > 7 DOCsIfES

hybrid 1 (HV on)

hybrid 2 (HV off)

hybrid 3 (HV off)

ff;sﬂ':é hybrid 4(HV off)

H

3.15 FHEHIEFO HV #HE, fEm—o—2c T 2YMELZHET 272012, Y47V 7
DE1ODNAL Ty FDORBEILEENIT ],




28 B/3E Csl hu ) X —%DlliFATFLE

Csl 2261, trackiD=]
% /ndf 31.68 /57
Prob 0.9974
Mean 22,68 + 0.1064
Sigma  -3.086 = 0.06482
Amp_fast 3.071 = 0.2648
Amp_slow0.03734 = 0.00939
T _fast 4.318 + 0.1344
T_slow 159.5 + 191.7
L PPC 2374+ 0.1358

0.8

0.6

0.4

0.2

X 3.16 FHifzHWTHE L%, MPPC ©F v 7L — FE (0], REFRBED LS 74 v
tF DFERE T,

BT74v LT, RNIRX=F =%,

ol o (5
2

— exp [— (m —po — pl )] erfe < \[pfl/]%)}

e

e I e)

WD 7 4 v b THWWIRIZ, CsL A5 DFCRFER DB LT LB OERIT %2 HRE L 72 exp T % .
MPPC DFFEER ST (exp 7747) TEAIAA, & 512 Gaussian TEAAATLEAETH %, pi,p2 137
N2 Gaussian D mean & o, po,p3 FZNZIR VI LB DOEG, py,ps 1FZNENR
A & BRI DRFEEL. pe 13 MPPC ORFERZET,

(3.1)

345 ztH#Hm

T A% PRS2 72000, b & IS FHIMRNEME L 72 2 718 & MR 0B (z-t 2340) %3l
E L7, KBTI MPPC O z-t #B (/£) & PMT @ z-t B () 2", ~—H — DI FHED
HE L7 LAY v Z —IZWIRT 5, z=0 fhE ot Akt e D3, ORI 25em D 2 DD
Bz OREELETCTETCVLD6THBF, -t HEIZ, XOBT7 4 v b L, NI X—F %

SCsl An Y XA=FICHOLSN TV SRS, —DOELSTETVREI DL, ZODfHMEOREALYETTETY
25 DDFET %, FElliZ [[0] ThRxsnTW3,



35 ¥YSalv—vav 29

7o POz B2 Icks 74 v FOfiEE2ERT,

{to + 51(2 + 250) (20 < 0) 32)

to + 25081 4+ soz + tgap (Z() > 0)

Z 2T, to, 81, S2 W FNF I, z=-250 mm (CsI 1Y) X —% O _Lifili) COREDOA 7€y b, Lk
TOMHE, T TOEETH 2, tyep 1& z=0 mm TORHREE % E T, MPPC O z-t D 7 4 v b
T, ¥3 MPPC & PMT @ Ktz D z-t #EI & PMT @ z-t #HBID 7 4 v b 87 X =5 Df1E LT
MPPC D z-t HBADE 2k /87 X =% (ETHOMHE L ¥ v v 7)) 2R, KicIns 2 [EEL
72IRFECMPPC @ z-t #HB%Z 74 v P LCA 7y F 2RO, HElEIC X > Tk MPPC @ z-t fHEY
ZIEET7 4 v b T 200 L WSS D, MPPC @ z-t HES X D KD z-t MBI D 5 230 [ 43 fi#
BRRDP->T20., TOXIBFER2EST,

Csl 2344, MPPC Csl 2344, PMT
p— =
@ 73] %%/ ndf 120.9/35 = %2 1 ndf 112.4/32
.E. E| Prob 2.194e-11 — gl Prob 7.184e-11 |
vy || Offset 67.72 + 0.01446 o0 Offset 56.75 + 0.04227
&= 72[7] Slopel 0.007312+ 0 E - Slopel  -0.004766 + 0.0002608
- p— = -
E - (Salopez 0.005297 + 0 — g stk Slope2  -0.005368 + 0.0002618
= nH ap 05471+ 0 - : = e~ Gap -0.413+ 0.04273
Fl Pole 0+ 0 « F s . Pole 0: o0
O f /ﬁ/(( E b i
B 70 Fa = F :
&k ] J A~ F U
> F s w3 . 55~ ot
69 T & Topcounterz=-230 mm - [ & Top counterz=-230 mm ) \!\ s
E )/’/I Top counter z = -135 mm C Top counter z = -135 mm \'\{\
F 3§ 52— Top counter z = -45 mm - Top counter z = -45 mm .\l s
68 Top counterz=35mm 541 Top counter z = 35 mm S
C &  Top counterz =125 mm [ & Topcounterz=125mm
C & Topcounterz=220mm ___ - & Top counter z = 220 mm
67 B PR S Y SO S S S S Y 53, | A P ’ 1 : PR 5
200 -100 0 100 200 200 100 0 100 200
z [mm] z [mm]

3.17 FHEBEZHWTHEL 72, MPPC @ z-t #IB (/) & PMT @ z-t #1B4 (F) [I0], < —
A —DEIITFEEINEE L 72 Fllo A v ¥ —I1ZRHIGT %, REEEABAICL2 74y FoiER%E
=7,

346 XE

BIR i =D large iz & 2 MPPC Dt iz, XBIR (/) O z=0 mm FHETofins
ANEH R DIE, z-t oA EFRICHEEOME HOFETH 2, R MIFLTOREKT7 4 v F LT,
RNT A= =%,

f(z) = po + p1tan™" (p2(z — p3)) (3.3)

35 ¥Yzal—r3av

FHENE CHE L 72 CsL LS L oHEIX, KIRKRFEDEKKRIZE 2Ty Ial—ya v il
ANENt, 32—y 3avid Geantd ZHT, U TOFRIETIT> 72,



HI3E Csl Al A =% DiligisTFik

Csl 2349 Csl 2350

— %2/ ndf 18.09/15 . %2/ ndf 12.42/15
§ 5200 Prob 0.2579 g 4200 Prob 0.6473
S oo po 4052 +15.09 o po 3313 +86.18
8 p1 3927+17.39 | § 4000 pt 826.8+212.7
3 4800 + p2 -0.04289+£0.008257 | 3 g0 p2 ~0.004686 +0.001518
© -7.273+3.011 © p3 —37.59 +25.66
& 4600 5

2 2 3600

£ £

4400
3400
4200

3200
4000

3800 3000

3600 2800

3400 2600

3200

FTT o I I I [T T e T[T T
AR RN R RPN

s PSS S SRS S NN S ST SN S SRS S S A S 2400 s P S S S S R MR MR s
-200 -100 0 100 200 -200 -100 0 100 200
z [mm] z [mm]

3.18 T E AW CHIE L /2. o large #EEIC & 1 32 MPPC DXl 434E (1],

9. K; % FB o L 5 1.5 m B ED S FE T 2, K, OMEE 16 13 AT KOTO
FHBOE—L 74 CHEINLDDEMHEHL & [16], KiZ, K, ORBETTEZ v BoEMATHIc A
Wese, CsIffdh EMAMML T v 7 —% BT %, > v 7 —FEOMIE, R, =2 L¥—%2H
W, MPPC O¥JE & PMT OWIEEZ AR T 5, WBICHETED & FREFHMKT 5,

AHiTIE, ¥ 22— 3 TMPPC OF v v F)UICHT 2IE 2 AR T 2RI W TR 5,
WD 6 DERHHERIE T — 7 OEGEFAU FiEZH 0, ELCIEEREE BEICEHNS,

9.y MRS CsI fih E OB TICEE Lz 2L X —, MAEHL 2R E85ii%2, hTo
M L 7228 > THEBRIRET 2 (5ROGHR ETES)

o RIGMDERD & FIB R KT 2 DL F T

l. KgricEb ez e ¥ —2X B3) 2Ot 5,

2. X7 —TTENT A BD) 2T Csl #ifho B Rl 26,

3. RISHD 2 fLEIIG U 727 v 7L — FEBEZ VT, B2 AR T %5, HEEIEETNCRD 72

JRTELSE B,

o Csl f5fIc RN % %
FTRTCORIGRICB T 2P 2R L AbE, CsLRHICH T 2 LT 5,
o MPPCS"™ |2 )5 § 2 IE

L7y 7 TEEDLNTWS MPPC DE2 2 L &HE, MPPC™ IZH)ET % E &
5,

YEal—Yary Tk, 2O MPPCSY™ IZHIET 3% VW CHEREMBRZIT-5 7%,

PMT D¥JE % 4K %i#ftld, KOTO EEET45 ECffibn TELFELFAKRTH S, Ldi> T,
PMT I FHAHNE OFERIZ KL Twkv, PMT ©H MPPC L kIS, KGR TOIZRLX —%
FRICEHL, 2L X—% Csl O il oS Tr I aL—F LT3, XREOMEKTFE

6 FEPIIZ L RN X — 2GRS E TR 208, HHOLDITET ERBIT 3,
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WZid, Csl An ) 2 =% %A BT 30, SRZHOCTHIEL EZ2HCTwS, 22321 -0
EHEEEICIZEHD 30% ZFHWT WS, Y32l —>aveEr—FLoBHMHEIcOonTIERETH

N5,
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F4E

FENT DR

4.1 FBIFTOR

ZOWEOHNIE, CsSI AR Y X —F DGt ATFIEIC L > THEFERFEREZHNT 52 2 L Th %,
R HEROHIREE N %2 RS 272012k, K — 7% 2iHliT 27200 v od v 7Lk
P ERBEREZET 27200 VPR ETH L, FTHEELBET, Vv 7IVOREHIEE
FHEGEN 2 BR7BIC, BALHERDY Y 7L E L TN TH E RS, &My v 7, ik
THERFAROV VN EBICE—LTHE LT =Y 2 H L7z, 2Dk, O FECligiA Tk 7%
DITHLY £ 72 MPPC 23, 7 — & WUEHICIER ICEIE L 72 2 & 2 0E L M1 B0 SR T 5.

BRRIC, MigiAFED AT 2T S REROHNEE ) 25§ 2, £7hos v b Lo
Bz B L, BHEHERRE c PRI NPT RFRONE REEL 5.,

42 2019 FYEZ Y OHRE

KOTO %EEiTix, Cslic MPPC 2D fH17 706, 2019 42 HH 6 4 Higo T — 2 2%,
T =% 2 W3 L7, KBTI KOTO FE8& D 7 — & Wikl 2 779, POT & I3RS 7 - 72 B
DETH 2, LRIND K, DEIZ, POT ITHpI§ 272, KOTO F5&Tld POT z Mt L 7 iR
ot LW, AL TIEKED OFRPRCH EN 7z, 2019 FEYHET > D7 — 5 O—%E v
%, MBS > T 7.9 x 1018 POT, Z0 Al 7> T 2.3 x 10'8 POT icHM4 T 2 DT =8 2T, 4
RO 21T o
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4.1 KOTO %D 7 — & WFFRIL, K37 — & 2INE L 7 B, #itlhasaato POT 27537,
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/\'A—Sﬁ

CERo =

v RS I

K — movo IZN$ 2G5 A TEOMRZ I T 272D, v By 7L e LT KL — 370 Lv)
e — 2wk, REDIC K, OELR#EE— P27 T, KL — 3n° 3#RED v AT, il
LS KRE N, 207, Hliks Ry v 7vze4  foons,

£5.1 Kp OERFIEE— F Lo [32]
e —F Jis# oy bt

K — ntetu, (40.55 £ 0.11)%
Ky — ntuu, (27.04 4+ 0.01%
( )

Ky — 37" 19.52 4 0.12)%
K; — ntn—n° (12.54 £+ 0.05)%
Ky — 27° (8.64 +0.06) x 10~4
Kp — 2y (5.47 £ 0.04) x 1074

51 T—%8E0S

PR il R7, WS v oF—% 2w,

52 ARy NBER
5.2.1 EFEEAT

KOTO ZEiETid, ADC 2z HwTHEIEZEUT L Tw 5, X BT I PMT TR S 17z Csl DFEIE
DR ZRT, ZOPIrS, UTOYHRZG5,

e RF XY )
64 b BID T — DI b WD 10 1M ERED 10 FD I HEEHERZED/NZ WO
BRTFTAINET S,
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2000

1800E" peak height + pedestal

1600
L]

ADC counts

1400
°
1200

[ ]
1000 (Peak height)/2 + pedestal
[ ]
800
[ ) [ ]
600 . .
[J
400 Pedestal . ®0q,
200f—
ob i 1
0 10 20 30 40 50 60
CFT Time (clock=8 ns)

5.1 PMT THiAH &7z Csl D, Constant fraction time (CFT) DR,

 fi% ADC fii
ZNEFNDOT =% D ADC i 6, RTAYNE G OTAED EE],

. WS
Feb ADC [HOKE 07— 1L 2 OMBED 7 — 4 4% “KMHT7 4 v F L L F0, TR
Dffih 5 <F AL L&A,

. E— I
CRBIBTT 4 v b L0, TICAIET 3 R,

. Wl

fENT IR, E— 27 X » LI f#RE D/ &, Constant Fraction Time (CFT) Z#55D & v

FRF & LTV, XIB i CFT oi#i% 7733, CFT ZEEON S EX3) 0T, HKED
12 DESITHIET 2HRTH 2, WED 1R OESIZBAZEMOT -7 ML, HEDTF—%
HZERTRATRD %,

522 U IRY—DBER

IR —=LiF, TRANANX—DELLERDEFLEENDTHD, | DOAHKFMEo> vy 7 =1
FoT. V7RI —=TEBHLEER, 7 7R —HALTORNZ2IT). 77 A8 —DERKIZLLT D
kIHIfT9,

BT 7R —FROMELZRT, 10D, 3MeV ML EDZ VX =235 E 7fldhz 7 7
A=y —FLT2, ZNZTNDI FTAY = —FOHL16, PFRERTIOmm UNICH L7 FAY —
D—FERFLEDTC, VIRY—LTE, 20U LOREREPOTERY FTAY —% ZDHD 70 K
WCHW S, 1 ODfE0 6 TE 72 7 A% —1%, isolated hit crystal & WiX#1 %, isolated hit crystal
X 2 DHBD 70 PRI IZH VAR WD, veto DM E LTH W2 (BA3 fifi), v #Y > 7L T, 6
77 A =D EHDLHERIIN L TENZITR>T0S, 7I7AY—DIZFNF— (Eaus)s BT (Telus,
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) 25 mm
$
S
IFARE—
_.-'isolated hit crys"t__al
CslhRYX—% 13 RE—9—F

M52 77285 —HEROME, BOOVIHEE T 728 -2 —FThbb, TNZENDT T A
F—y—F»sT10mm BUANICHE 7 7R —>—FaEltd, 77AY—LT5, [REATRL%
D isolated hit crystal TH 5,

Yotus)s R (terus) ZEAT D X ITEET B[],

Eelus = ZEz (51)

e = s 52)
o

Yelus = %;JE (5.3)
> ti)o}

telus = ~n a1 9 54
1 > 1/0'1'2 G4

Yop T IAY IR T 2R TORMICNT 2M2ZFEL TV 5, 2,y 131 HHOKMOME, E;
ot IFREERICTE L SN AL F — LIBETH B, o 1 BEICHIE I NS RO MREETH D |
RDEHIckbIn 3 4],

~

oy [ns] = % + ?/GE?) +0.11 (E: MeV) (5.5)

5.2.3 1" OBEBA

6 D7 7 A —%HWT320 1" ZFRT 2, 77 AY—DEN 6 7> 78E, 35D 70
ZEENT 27 7 A8 —DfAGHLEN ISHEYHFET 20, TXRTOMAEGDLEIH LT 7 OFE
W29, ELWHlARZERODFEIZ, B3T3,

COfficid, ZoDIVFAY—=06—2D 70 2K L, 70 OFENE L FERREESR S TR
bRz, MBI 70 OFROMEL R,

L IEfEIC I 70 EZ3 ) b LIk K, (B3 ) OFEMEEIC, RS N BEEMEZ T ~ o ASAEZFHE L,
I IR —DIFNF—EMEL TS, /o, v BOASMEGFEL T2, 53 B3] il Encws,
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i e VAT
2007 7 A —=%HOT, 710 = 2y FEPE - L ECERE L EERREL., 7 ZFHERT 3,

70 L 2y O 4 JEERRE LD LT OXDID 7o,

C. .
alor”"ete
r Sy
y 71 = (xp, 1) rface
75 = (X0, 7))

16)

53 7° FIREROMEEE,

cosf=1-— 5E,E, (5.6)

TIT, Mpo 370 OEE, By, By 3ZNZENDI FAY—DZHXNX—, 0132 20D v DS H
AHET 5,

nIMETH D,
F72, 70 OHAEEN 2§l B2 ERE L T TN ORXT z HEDHBAE (Zoy) %
(5.7)

r2r2) cos’ = 0

(1 —cos®0)dzZ* + (2(r7 - 73) — (r? 4+ 72) cos? 0)dZ> + (17 - 13)? — (
2T dzi3An ) A=Y REE z JTAOHERME & DB (dZ = Zoa — Zvix) « 11,72 13 X,y 1

HTDDODY 5 AT —DABERZ FLVTH B,
dZ? 3O DFEBDOIEDBEFIOGERH D), ZOEAdZ b @V EZOND, v TV 7L
HRY VTR, ZODEE S OERIIMHED LR,

du =
H

TlE. REWVWSHD dZ Dz 5, FiET

Al )
70 OREHIEEIE (P) 3 TO X ) ITkd 3,
(5.8)

2 —
Eﬂ'i

P, =

Fid BRI
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5.3 K OFHERR
70 O RREEIRG I v B2 S IR & .y #-D Time of Flight (TOF) %7 L 51w Tske s
b, ZNZEND Y T AY —ITDWTHIERR (tyex) 1EUTO X I IZEHET 2,

e = thus — /T2 +dZ2)c (5.9)
I TclINHETH B,

F7. 2007 7 A = SR L R 2 VT, 70 OREER R (Ty) Z AT D X 9 123k

5, 2
% 2 .
ﬁi::zkngﬂ%(Eﬂ (5.10)
> 1/of(Ei)
IITo RENZNY 7 A —ORNRIETH ), TR VX —DBIBE LTUFD LI IcRI NS,
(5.11)

01(E) [ns] = j% +0.19 (B : MeV)

53 K; OBE

Y AL VAT
Kp, =30 Tl 6 LU ED T 925 —DMFHET 2720, 30D 710 OMlAGHOEDNEBGET 5, %
Dhp s, ELWHA ST ZERDICROFEEZR-> TV 3,
o K; DRREEAIE I, FRSR I N 70 OFEMEICEAZ DT TRD B,
N/2 i 2
ngL — Z’L thx/oi (512)
vtx ZN/2 1/0_2
T 2T, Ziy TR S i z O HEEE, o X E L7 z BIEEALIE o fE
H5,
o FEEMZEICKT 2 x2 2T DX HICHET 3,
3 i Kr\2
2 (thx B thx)
X2=> B (5.13)

i (2

TRTCOMABEORIZOOT K2 ZEHL, ot b 2 O/hIvilatbe2®ES, £/, &

BOMBITTHMT 2 AZyx ZU T DX ITEFRT 5,

AZqrx = max(| Zie, — Ziyl) (5.14)

X, Y HisEN
¥, A Y RXA—=% ETOZFLF—HD (COE) ZPLFD X ) ITEET 5,

N
i vib (5.15)

2

N
Ycor = EgéA?E) (5.16)



BST Ay T

T,y BiIB/BHDZ 9RAY—DfiiE, B, i BHDI 9 A —DZIZ VX —TH 5, K DHI
BEATE AR & COE Z A REMRICH 2 2 L2 RE L. ZEL 225 x, y SO R E % 15
j—%o

ZhL — 7,
XKL — vtx tal‘get X (5_17)
v ZCSI - Ztarget cor
ZEr — Zio
YiE =2 SRy o (5.18)

Zcst — Zrarget
C 0. Ziarget 3RIRND 2 fLiETH 5,

K ofifiEEZ T, =20 71 o 4 0EERZFR T2, 20%, =20 10 0 4 SR %
MwT, K, OHBRZHERT %,

it |

6 2D7 7 AL —EHEMT, K ORERRZ XD X 5 IZEHET 5,

6 44 2( 1.
UI;? _ Zz ;vtx/gt (Ei) (5.19)
Zi 1/Ut2(Ei)

5.4 ZEHREH|

K, — 370 il 25& 8701, UMTohy F2ERL 7,

541 EHENAHY K

7 2 K — 370 Bl 28I 2 -0 lIc L 7OEB AN A v b —E 2R T, UFZ2hFhoit
M OWTEHHT %,

#52 Kp — 370 fiEEZ2EIRNT 2 201 7E#ENh v F—B

selection B il

Cluster Energy E., > 50 MeV
Total Energy FEiota1 > 650 MeV
AMp, +15MeV /c?

K P, P, <50 MeV /e
z5L 3000 < ZEKL < 5000 mm
X3 X* <20

Delta Vertex Time |TVI§§ —tyix| < 3ns
AM, o + 10 MeV /c?

AZ iy < 400 mm
Photon position max(|z|, |y|) > 150 mm, R < 850 mm
Cluster Distance (d) d > 150 mm




54 RRER

* Cluster Energy
fLE I RRE - R REEDRRZ WHERZID R 20, B2V F—DHERZMD R, =%
VX —=0350MeV LLETH S L2ERT 5,
* Total Energy
6 2DV FAY—DHFITZHRNLFXF =D 650 MeV M ETH b I L2EKRT 5,
* AMg,
P S N7 K OHEZ migS L L, AMg, 2RO X ) ICERT 5,

AMp, = mi —497.614 [MeV /c?] (5.20)

IAMg, | %3, 15 MeV/2 T TH25Z E2ERT 3,

« K1 P,
Kp = 31" Tlid, 3n% 12k > TTES 62007 7 A% —DIHIHEEIRZ b L6 %w, 207k
O, Ky ORTAERNE (P) 13/hNS %2137 Ch 5, FEKL 2 K O IAES)E (P) 25,
50 MeV/c AN TH B Z L 2ERT 2,

© Z5
K OHiEn, KOTO EEROBIHER T 72 IS cle ¥ 72 2 L # LT 2 720, Rk
JKE N Kp @ Z FAEICH LT, 3000 mm < ZXL < 5000 mm 2 %R T 2,

* X2
TRTD 70 D Z FEMEDS 3T 2 2 L 2HEET 2 72012, X BEIR) TEHRI 1L x2 5120
DIFThs I trdRkT 2,

* AZyix
FERIZ, TRTCD 70 @ z A EDS T2 2 L 24T 2201, X (EI) TEHESI N
AZyix Y400 mm LN TH B 2 L2 ERKT 5,

e Delta Vertex Time
TRTCDIFTAY =N Ky OHBIC K 2 2 L 2G0T 27010, RS 1L K O HiR;
MEETY)) & 220D 7 725 =2 6alH S HiERRE (X E3) ) #4233 ns UF
THHIERERT 2,

o AM;o
PSR I N7 K OBEMEZHOT, 220 v BOZ2 VX =06 70 OBHREZ KT 5,
B S N 10 OERE miy £T 5, RIT AMpo ZRICE I ICEET 5,

AMyo = m:S — 135.0 [MeV /c?] (5.21)

0

TRTD 7% D |AMyo| 23, 10 MeV/c®2 LT Th 2 & 2HRKT 2,

* Photon Position
SR T—=NCL AR A= s b, TALXF—2ELCMETER Y, yHRIZKS
B v 7 =22 TCCI ARV A—FHIIBIE-oT0E I E2ERT S, x,y by MIED
IBLREVHTDERZNZN 150mm L ETHH, Aa) X—FDHLs 6 850 mm AN TH
5 LzERT 5,
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¢ Cluster Distance
2007 7 AV —EOHEED 150 mm THB I EZBERTEZIET, 20D FTAY =00
NTW3EZE2HEIET 5,

5.4.2 Veto t&xiasZz AU\ \/c veto

EKBEJICZzNZND veto AT BT 3 = L F—EfEZ 7§, BiidgCBlllshczx L ¥—253
BIfELL EDYE. ZDHRIEBMED %\,

#53 ZnENo veto HAHTO RN F —BfE—%, (*) newBHCV TiZ, 305 % 2 g
FEDEZ 2N TEY FVBHD, ZRNEFNDETOZ 3N F —DBIEZE R 7256 veto S5,
(**) BHPV Ti3 veto DB & L T2 A X —DRb h iz, HNTIREBTOBEMEbLNTHS,
Ey POHoEY 2= 3 MU EDSE., veto LD, (%) BHGC b veto DBEfE & L T,
IANF—DRb D IHY T 2 HETOEDfEDbN TV,

M A I 3L X — il
CvV 0.2 MeV
FB, MB, IB 1 MeV
MBCYV, IBCV 0.5 MeV
NCC 1 MeV
Hinemos 1 MeV
CCO03 3 MeV
LCV 0.6 MeV
OEV 1 MeV
CC04, CCO05, CCO06 (CslI crystal) 3 MeV
CC04, CCO05, CCO06 (plastic scintillator) 1 MeV
DCV 4 MeV
newBHCV 221 eV (*)
BHPV 2.5 p.e. (¥%)
BHGC 2.5 p.e. (¥*%)

5.4.3 CsliztizgzZ= B\ veto

Csl pmYX—%dty b ZH\\7 Veto B 2D 2, LLFICZD Veto DM %2R 3,

5.4.3.1 Isolated Hit Crystal Veto

Isolated hit crystal veto (&, 1 DD 6 TE % 7 7 A ¥ — (isolated hit crystal) % H > 7z veto
T®H %, isolated hit crystal &7 7 A% —D by MO ZEDS £10 ns NTH H ., fEfo = %
IWEF—=PRIED 5 (B2 OEEM EDK:, ZoFERIIfFH4vw, =30 X—HfflE, isolated hit



5.5 YoMk

crystal L b > LBV TRV — L D d ZHVTU T D X I ITEET 5,

10 MeV (d < 200 mm)
Eipre = { (13.5 — 0.0175d) MeV (200 < d < 600 mm) (5.22)
3 MeV (d > 600 mm)

77 AY —ITEOREEE. v 7 —FKIBOFET isolated hit crystal 1272 D) 9 2729 T )L X —[Hfil
ZECREL TV 5,

5.4.3.2 Extra Cluster Veto

Extra cluster veto 1Z. K ZFHERT 2701wz o727 9 A8 =253 5 veto TH 5,
SRR E 7z K D RN IE % > C. extra cluster (ZXE 3 2 BHEERER 2 553 %, #Z O iR A
+10 ns BN TH 256, AU K ORBICHERT 27 5 29 — DR H 270, 2 DHRIZH
b,

55 UYT7ILDIHMNE

K, »3nf"oery5Fhruoialb—ray MC) 75— %2lEEL., FolRZFHLEY T
Ky =310 Z23BIRCE T3 2ER L7, MCIZHT2Ay b3F—2Icktd2Ay bERILUTH
2, MIBA ()17 7R —ZxNF =DMz, (h)IC6 7 7AY—DEFTZF VX —D5Mi%
Y, BA Tl A Y D9, Cluster Energy & Total Energy @7 v M} T, Wi
DIFNF =7 AilE T —% & MC T—EL Tw5, 7, KBS, HHEL 7 K, BRI 2R
T, BAHITARZA Yy FDIB, AMg, Y FOARPITTwERY, 7—4% & MC Olii T, K D
BETH % 498 MeV/c? fHElc E— 2 3% 5,

Lo T, 7—=4 T Ky, — 3r° B TET0»E 2D, ZOT7F—9% vy 7Le LTH
W5, SBROMHTIE K, — 310 ORIL 7% IZBT 3 A0 v iz, vy L EdT B,
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Arbitrary Units

Cluster Energy Total_Energy
107 - Data g 10,1; - Data
F ~-MC > E -MC
1072 £ L
El 8 107
F < E
=i -
10 E 10°° E
10 i
F 10
07 +# S
E oy ) 10° P N R | R |
0 500 1000 1500 2000 0 2000 4000 6000 8000
Cluster Energy [MeV] Total Enery of 6 clusters [MeV]
7 IAY =L FINF—, 6 D7 728 —DEFFL LT —,

54 () VIR —DIRVX—=5AE, ()6 77 AY —DAEFT 2N —0M, BT —
5. M K — 31° @ MC %" ¥, Cluster Energy & Total Energy @7 v M a1 Tz,

Rec. KL mass

£ el ~Data
D &
2 2 ~MC
S -
E
Z 107

10°%

1074

E | | | | | | | | | | | | | | |
460 480 500 520 540
Rec. K, mass [MeV/c’]
55 WKL 7 Kp 0BERIAh, BERTF—%., H#8 KL — 37° MC 257, AMg, 71

FEDTF TR,
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PEFERERFHMOIcOHDY > TIL

Zofficid, hHETERFERICHT 3MGGATEOWRZIMET 272009 » 7V ORE, HRE
HUZDOWTHER S, EAZY Y VYT~ CRIE E 2 2 P TS RFRZHETE TR IO
WTHBRS,

6.1 T—%EUS

hE P RFERE2HMGT 272003 v 7Lz, DD HiciliR7 Z0 Al 7 v 2 Hwiz, =24t
D% 7OV SHRCCRERIICEGEL X 8, RISy v 7V 2 ES L 7 (DU, Bl L &
u‘:T!‘vs':o )o

6.2 AN NEHER

K, = mum IR L CTHERFERERD ) ZHEREZERLZDIC, A XY PRI K, — mOvp &
HoFEE AL, WVENE 7 5 25—, B ETlR7% K, — 370 OFfER & FETH 2,
BELR T Y VD oD 7 T A =3 ETIC ko TES N T 508, 70 OFETTE L 2y 1
X277 A= L L TEHBKNT 2, ° OFERIZ, 70 OER LA ETHEL 2 L2 KEL
TH 9. K — 700 BT, v U= 2 — P ) 2 B2 V¥ — %25 5£ 279, COE &4
2R SER LT K, L2 LW REZHCE I ENTER YL, Ldi>T, o e — 240k
THIE LT 5,

6.3 EREH

K; 5o IR L THREERELD I BZERZENT-OIC, K — 1Ovo OREGIER % w72 385G
ik ey, K — nOuvo RO DI, 79 A8 —BIREEEZ VA Yy FH VT
W, SRIOFLERNNIIHEHL v, ZNoDh v b EMGRATFEORMZED 2 v b & DM
QEETIhiRD,

45



46 B OoE PHETESRERHEDO 00T Y TN

6.3.1 EHHEMAHY b~

2 I ICHELR T v TSR I B I EN Ay b O—RE AT, LT 2 OFEIC O
TihR %,

# 6.1 HELTMEFI Y 7V TG IEE AN v b8 (%) B3 EiTHMT %,

selection B fiEd

Cluster Energy 100 MeV < E,, <2000 MeV
Total Energy v B 7L L IR
Photon Position v R 7L kR
Cluster Distance (d) d > 300 mm

Atyix [t0ix — Loix|< 2 18
Projection Angle Projection Angle < 150°
E-0 E -0 > 2500 MeV - degree
Cluster Energy Ratio Cluster Energy Ratio > 0.2
TCOE rcoe > 200 mm
Cluster RMS Cluster RMS > 10 mm
Cluster Size Cluster Size > 5
Minimum Distance from Dead Channel (dgeaq) ddead > 53 mm
Pi/ P, — Zyix, B — Zyix (*)

* Cluster Energy
DL RRE - IR RBE DT O RREZM D R, 7 K — 7% OFETTES v ML L
T, IRV XF—DETELHRZMD RS, ZNENDT F ALY —I )L X =253 100 MeV LL
2000 MeV AN TH 5 Z L 2EKRT 5,

* Total Energy
v B Y 7Lk FRR,

* Photon Position
v B Y 7L kR,

* Cluster Distance
22007 7 A% —HOWHED 300 mm M 1TH D I L EERT B,

o Atyix
ABEY TEEL L, ZNZTNDY7 T3R5 =0 Ot B L 7 IR 0% (10, — th.) OMuRHED
2ns U THBZEZBRT S, ZOHhy Mk, WHRETZ K DAMCERNT 2 FEREZH
WY 5,

* Projection Angle
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Csl @ XY “FHHRICHF L7z, 2 DD ~ #2373 % projection angle & L. projection angle
DI50 LR THE I E2HKRT 2, 2OAy MITXD, K — 2y Tk 2ERERLHIN
¥ 5,

e -0
YA —TRAE—EE =Ll 2 5 A5 —DIRT A (8) DD 2500 (MeV - 1) Dl -Td
Z2EHERTSE, ZoAhy ik, o r® ofEEr s oD v #iE Mo T 10 2P
T % H5 (odd-pairing HR) ZHIKT %,

* Cluster Energy Ratio
20DV FTAY—DIF VX (NI FTAY—ZFNVX—/IRKI FTAY—ZFNLX—) D
02 ETHE I L2ERT S, ZHICKD, odd-pairing FHR & HEFERERZHINT 5.

* "COE
Csl v X =5 odd 6 COE £ TOMHEE (rcog) ZATD X H ICERT 5,

VN 2,8)? + (2 yE)?
> EBi
ZITE FBHEMmOIRNX = 1,y ZFEROMETDH 5,
Kp = nup Tld, =a— 1+ EHRZFES L2720, recop BKE L, LEM>T, reop
2200 mm M ETH B 2 ERERT B,
e Cluster RMS
Cluster RMS ZL T D X ) IEET 5,

Cluster RMS = ZZNEET (6.2)

T E; BEMMDOIFINE— r BEHHE 7 7 A —DI 3V F—HL EDHEEZ KT,
TS FE 5L, Cluster RMS 2/NE K %2 % 72&, 1Cluster RMS 28 10 mm B ETH % 2 &
YR 5,

* Cluster Size
Cluster size £ 137 7 A% —N®D Csl D TH 25, FUETERFEFRIZ. yICKD2 77 A
F—EDb I IRY=DINI0ID, VIR =P A XRS5 LETHSLZL2ERT S,

* Minimum Distance from Dead Channel
PMT OAREAZL EC, B5diAalEadroF v v %)% deadch WL, Csl A n ) X —
FDdeadch ICZF VX =2Vt 3Nd L, 77 A —DI X NF—DIEL CEHEAETE L,
DL BEREERT 5720, 77 AY —OFER I 17z x,y fLiED S dead ch %Y 53 mm B
FEfnCw3 2L RERT B,

* Pi/P, — Zyix, B — Zyix
Ky — v FiECTE L G LA RV F2ESA Y b, KIBDISRT X IC, P/P,— Zyix
W&, E— Zyx FIRITAH Y PEBZRET 2, 22T P, E3z0zh, 0 ot miEs)

TCOE = (6.1)
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B, IXLVXF—TH3, ¥YIal—rarilks K, — 7vo OO REOTRT, koD
B3h v b OBERERT,

. 05g ~ SOOOF
£ oasf- — E F -
a E o
04F < 2500 F |
E 7 =
035 2 2000 T
03 — IS E
E Accept B = —
0251 B 1500 |
02 F Accept
0.15F - 1000~
O1E — 500
005 E -
E 1 1 1 1 1 1 1 - nC 1 1 1 1 1 1 1 —J
Moo 2500 3000 3500 4000 4500 5000 5500 6000 2000 2500 3000 3500 4000 4500 5000 5500 6000
Zvx (mm) Zvex (mm)
(a) Pt/Pz - thx (b) E— thx

6.1 Pi/P. — Zyix, E — Zorx ZVEEGEN BT, v I al—>aricks K — v
DI % FREOETRT, OO v FDERZRT,

6.3.2 Veto #&HzZE%Z AL\ veto

B4 i TR 7 S 2 3T,

%

6.3.3 Csl &gz A\ veto

MG UNANAE S (kg o

6.3.4 BEHEEHIN. 1° D P, Zyy T BDHY b

RICRLEETDA Y bEDPITFREHED, HBRI N 10 D P, — Zy i 2 KBRS, BT
TS, Py — Zyy 3D OB P E T ERERTIE A K OFBRIROTRFEARZEL I L
D393 T % [BI], BELHPETH > 7oLic v @RS % & PIETESRERICHY 2 Bl IERE %
I AR D kv, Lo T, BB L7 70 @ Py, Zy WS LTAH Y bEDIT, DT, Ay
F L7 P — Zyx DB E, ZOHICEENS K, OFEEEOE FRFERIC OV TR S,

* Zoix > 2900 mm
E— A E EN L PETD NCC & £ Efiithatic Y7z > T n® 240 L, HETTE R 4
MO CsI AR Y R—=F I AT 2 L) ERBERVIET 5, ZOHRRTIE, HERI L O
D z FEEALIE D NCC T (z=2500mm) I2H B 13T TH B, ZD7-8. z FEEAEDS 2900 mm
DT oHERZER <,

* P,>120 MeV/c
K, DEBEO—212, K »ntn ' 62, TOFETIE, ZO0fE m hEF27E —
AR =R FTLEOBRHEINT, 19 B 0oD 7 525 —21EREAINNv 27 I P
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%H I35, TOBE. 300 1 T TP MRAET 270, 10 oFfORT B R I3 S <
%%, LIcdioT, P 0 70 OB MES LY 120 MeV /e LT OHFREZRRS,

FRtOB» S | TR T & i LT R v 7OV E LTI R

PTvsZ 500 PTvsZ
— 500 > -
T "l g
= 4000 = 4001
s " 5
i & 300/
200; 2001~
100; 100i
g - °
OM 55065000 4000 5000 6000 " 0 506050004000 5000 6000
PiORecZ[mm] PiORecZ[mm]
6.2 AT Y v, HRER S 10 6.3 ¥YHLZ > iz Physics Trigger THUS L 7
D Py — Zyixo WEDEFIZBBNORRE 2R F= T 5, RS 10 D P — Zyixo
T vy BRDIBAD; C e, AP E 7 58I DB TIE RN O HREZ KT, blind re-
D HEHEAE T Y T E LT, gion (FFROBMEN) OFREBFESN T2,

6.4 HYYTILOZHME

SR 7 BELRTE T v VDS, K — mOvp ORNTCRIE & 72 2 hiE T SRR & R U R % £
DD EMRT B0, VI 07 —% EHELPET Y v IV R L 72, KIB3 IS v
I Physics Trigger THS S N7 =% D, FE SN 10 D P, — Zy DOAi%ZERT, 2O7BY
i, BZAEH TR, 710D P — Zy T2y I TuRwv, YT DT =% T,
blind region IFFEI N TV 5720, & D RPN DD, blind region T WIEBDOFELR%E A
WTHE L 72,

Bd[a) 27 7 A% —DiiES A, KBA[b] 7 7 25 —OHEESi%ZRT, £/, KB4 [c]
W27 A —DIZNLX =4, RBA[d] 1222907 529 —DEFHZINLF—DNAZ2RT, K57
MICBWT, YT v O 7= EEELHET v 7V —BL Tw 3 2 Lo s, HELH T v
TN ETFERAERZHETE T 5,

bd[a] LXIBA [b] 2K T 2 &, BELHMETFY Y VO YT v XD b, 7T RS —fED
SMINC A L 7 7 28 —[HOBEEES v, 20 HNd, WS v L #dELh 3 v 7 v, ik
DHELI NS z DR 2 2 L & BELPET Y v VTR 7V SRIC K > THRETAY X D #EL T
L1017 EE 2T,
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Arbitrary Units

Arbitrary Units

Cluster Position R

Cluster_Distance

[ —e— Physics Run Data 'Ué) 0.2 [ —e— Physics Run Data
L 5 21
0.06— ++++ —e— Neutron Data % r + —e— Neutron Data
L 5 o015
L < r
0.04— L
L 01~
0.02— L
L 0.05
I L1 L1 - C R R leoob 1
GO 200 400 600 800 CO 200 400 600
Cluster Position R (mm) Total Energy (MeV)
[a] 2 9 A% —DfiE, [b] 7 5 A% —[Eo R,
Cluster Energy Total Energy
10 EF . F .
E —s— Physics Run Data C —e— Physics Run Data
: —— Neutron Data : —— Neutron Data
102 * i
F +
i + 107
10°% t &
10 [
= R T B 1072 ‘ N L R
0 500 1000 1500 2000 500 1000 1500 2000

Cluster Energy (MeV)
[c] 77 A —DIZFNF—,

6.4 SEHBE)ICENER DS, B o S v i Physics Trigger THUS L 72 7 —

HAHETFY Yy VD F— 8 2T,

Total Energy of two clusters (MeV)

[d]2 2D 7 AY —DEEFZFINLF—,
5. ERRASEL
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~
A

S ADEMFRENE

clit

Za

U

FTRTHD MPPC 37— ZINEFTICLE L TEMEL 722 &£ 23T 5 7-®, MPPC 231 L 7200
EEMEMERL 72,

7.1 B

F— ¥ Rz MPPC 231 L 72302 Ic D »WTidR 2, B i el X 910, S5 %
AT eSO Z2 IS L 7228, FHED T — Y HEHRICY & 7 » 7 HEIRA D, ADC ~DH#%
WMEEHLI, 201, E—2D T =Y INEFOWIEZMHERZ T 5 Z LIZEETH S,

Graph ‘é =
=
" 14005 E‘ :
c C &/ go,a—
g 1200; . -é r 3/4 peak
8 1000} <o.e:—
9: sooi e 1/2 peak
F ! e 1/3 peak
600; 0_2:_ ; . 1-/5 peak
“® pedestal C -
200~ 9 points mean . ol
............... T . Ly \ .
‘ ‘ ‘ ‘ 0 10 20 30 0 50 60
30 40 50 ) Time [clock (=8 ns)]
Time [clock =8ns]
72 MPPC ®7 v 7L — b, HeldHl
7.1 MPPC D¢, W olEmEXTAY Wit eznd, Al @) k3
U 74 v MERERT, FETORTEEEZ 7 4 v

MR SRR L 72,

KD ICE—AI k557 —2INESIZ MPPC 23D L 723 %2 7R”" 3, MPPC O ZERT % 7-
DIZ, FX 2NV BIZT Y 7L —FEBZERL 72, UPICZOFHEIZOWTHERS, £, KE»
ST oY g %257,
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o RFZAHI
64D WD T = RD I B, FIHD 9 DT — 5 D],
o Wi
b2 EHREWVADCED T —F M EBHET 2RO T — ¥ Mz “REAET7 4 v b LR,
TR DD & RT A Y )L &R\ I,
o B'— 7R
TRBBTT7 4 v b LR, THRICH)IET B IR,

RIZ, Werids 400 ADC counts BL BT, ¥ — 7 K23 22 clock 76 50 clock 1I2H % FHRD AER L
Too WRDMRT E2HRE, WEBHIPMCH 2 FHRZR 72D TH S, ®EI. T AZVOMHEH
0. WEh 11222 &) ISPz L, ©— ZIE25 32 clock 127 % & 95 2Bz ERAbE 1,
T2 2B L 7= MPPC 7 >~ 7L — FEEZ R T,

CDT 7TV — B ERIRTAT7 4 v F L7

A 212 Acaro? —
W(B eXp(m — AosiZ + Acstit) erfc(W)
Csl — AMPPC V20 7.1)
o2 )\2 + A o2 —x ’
—(Cexp(TEMPPC _ )\ ippoa + Awppopt) erfo( T MPEC ))
2 V20

BIED 7 4 v b THuRE, Csl 5D IR ELLIT %2 . MPPC ORPERUK T & . Gaussian TE
HIAATEEBTH %5, T T Aast, Amppe & Z 1L CsL S D FNEREEE K5, MPPC DREE K
SCTH 5, o, pldZNZF4 Gaussian D sigma & mean TH 3, DIFRFED, 74 v MERER
LTw3,

711 KEOKEZREM

74y MEREZHOT, 7=V WETOWBEOREEEZMER L 72, 74 v FMERDL S, HED 3/4
172,173, 1/4, 1/5 OFE S TOWPWOEEFHE L (K L2 D58 . BBIEOZEE %X, X3,
a4 1< 57— 7 WEEh OWHIROHER 2 /R 3, My 7 — ¥ RS &5, M3 EoREEzR"T, ZLAL
D MPPCs"™ 23t/ L 72 IE Dl 1% DEIREEL Tk, 1/4 L 1/5 DFE S TOWTFIRD
RN ANDIEN PobHDB LI, WEOBREPHERILITIESDENH L1656 TH 5,

AR $ &9z, —8d MPPCs™ &, N7 2B DIRBALERL >7-, Tnid, K3 I
AT LI, ADCOEY P 7 — ETHEIEVNZILT 2 2 EBERE 7, TDXI BT vl
X, T INEDETCHHT 2 ADC 2D B2 TRk L 72,

71.2 BEOF v rxIUKFMGE

MPPCs™™ 2 DM DA% MR T 5 7o i, REHOMR L MRICEIBEE Hvi, K812
MPPC™™ 2t DIV D 34 2 8§, WD 3/4, 172, 1/3, 1/4, 1/5 D S TOWRFDMEIZ Z 1 2

A OBFHOT—F 5, WL 72BIBORTAI VTR, LEed>T, 0FHZRE, o0 IMoT7T—8 kel L 72,
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7.1 WP
_ 25
E C 2019/02 2019/03 2019/04
-
= 20—
R T S S S
o L
A NS SIS — .
c |
-] E U U S S AU
(] |
>
3 L
2 I~ . -~ ———o
o 10—
£ |
= L
(=] |
."E [
T 51— — 3/4 peak
= T — 1/2 peak
L — 1/3 peak
[N IR AR [ RTINS VU RPE A I AP B B
3%200 30400 30600 30800 31000 31200 31400 31600 31800 32000 32200
Run ID

7.3 MPPC DO #R, 77 7 87— 5 WEFS. 77 73 %FIE (Time
[clock=8 ns] ) Z/"T, 77 7hotuid, FHOEEZIE L -EI2RT,

25
= “F
< T 2019/02 2019/03 2019/04 E
o £ 1400— ~
X 20— = e § n .
ST SV NSNS S 1200/~ .
> C I sy |, . 2] E
= SR - < 1000
E s £
S 15— I i o P DY E
® L \/\'A 800—
= L
S [ \,’+‘.—0—'_\ﬂ7 -
= - R e e = ] 600—
o 10— \/.\./, E
5 L |
=z L L 400[—
[=] L L
e o C
3 s — 3/4 peak 200
2 1/2 peak o e e,
£ .
C —1/3 peak S etessseaseseere * e e Teeeeeeees,
3%\H.\.‘.\.‘,\.‘.\Hm‘.‘[‘.‘l‘.w”w.‘.\.‘ -200— ‘ ‘ ‘ ‘ | |
200 30400 30600 30800 31000 31200 31400 31600 31800 32000 32200 o m 2 0 ) = =

Run ID Time [clock (=8 ns)]

14 BIEHBALE . MPPC DHIEIE D HER
EIXEIVORZEE L 2 lEz2 £ T, ADC %1
DA AR, BIVIRDLIE L 7o,

7.5 MPPC 23i/J L %i%/¥., ADC O E v F
I 7 —THIERZL 7,

NZODE—=I DL 7z, BlZIE, HED 3/4 DE S TOWRB DRI 7 clock & 8.5 clock 12 2
E— 7 DBFE L, WP 12 ns BRETH 5, X D ISPHEITZIRDO PRI & BIRIRD IR
2T,

DX ) I ZFEEHOWHIELNHAET 2Dk, T — B L T2 ADC 23K TH - 7%,
IR ICHEIZDED ADC 7 L — MEFEZ RS, WEOEOR U F v v FVIEELT 7 L — Mkl £ -
TWw3, ADC 7 L — F 3B ICHWTWwE ADC O Z LD TH 2 (KII), —2>DI7L—F
X 15D ADC €L 2 =L DBA-TED, —ODEY 2 —)LT 16 MO 5 DL 2 IET S
23, RViFimz L7z ADC Z#Z T %5 &, ADCHORYy L7 4 VY —DaA VT VHh—D
% WEPREFINTOE I LR oT, IHDMFHATEOMRICK L TH 2 2203 fifi

«2 KOTO %52 ¢l% Ethernet 7 — 7 )V % ffi->C ADC 12f85% AJJ L T\ 3%, —A® Ethernet 7 — 7 /)LD D &d
5DEFEE LTS,
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9T E igiAs TR B ELEN

THEREY %,

# of channels

50

40

30

20

TTT T[T T[T T[T T[T rrrT

ho
Entries 256
Mean 7.885
__3/4peak LStdDev 06913
— 1/2 peak
— 1/3 peak
— 1/5 peak

‘ 2% - ‘22 W“ 24‘
width of waveform [clock=8ns]

X 7.6 F%v2LI D MPPC OWIEIRD A,

nl2
E [
2 r - channel 52
g -
£ L f?[\\ - channel 54
z | i
<08l A
C i 1}
C 5!,
o
- H
0.45 }f
C ;
o2l R/
: A
oL it | | | . £l
0 10 20 30 40 50 60

Time [clock (=8 ns)]

77 o0 MPPC"™ 76 71 S i,
BODPICIE DI AIIE, AR OB D IR
B2md,

h1_0
—_ 15 _\
2 = Entries 16
o =
I 145 Mean x 0.025
g E Meany 11.23
S Std Dev x 4.657e-10
€ = Std Dev y 0.1784
3 135
> =
g = l
S
£ =
° ——
g 1251
12/—
= s .
M5 4 8 . ] ‘
b ! H
=
105
Bl | Ll | | P IR I R
105 2 4 6 8 10 12 1

4 16
ADC Crate ID

X 7.8 MPPC DD ADC 7L — MM, 7L —bEIZ ADC O FE EE ) TH B, Kilins s
L— &5, Mmoo 12 0EE COWRBOIETH 5,

7.2 HAER

DRRCHiR/Az S a—F v 7 It LT =% ZHwT, 7—FIUERD MPPC 21 L 72
BT DOELE MPPC"™ kL IcRkd 7, CslAn Y A =9 2EEL 72 I 2 —4 v OHEROARET 3
oz, MIOA(K) ok iz, Efiflo NCC izt y F23% ), Fifllo CC04, CCO5, CCO6 D &
NPIZb ey b23HBHERDAEH I, NCC, CC04, CCO5, CCO6 13 CsI A rY) X —& Daviihfy
EEOTVEILITIRAEL, E=—bF— N fhEzEHoTw3, 2070, E—2Ablé CsIfE5ED 0
& DWEEAD 400 mm B D MPPCs ™ (2xf L CHAEM O Z{L% N7,

X 10 (£7) 12 2 2 —4 > 7 v iz MPPC 231 L 72 iIE 05y ADC fitisrfi % "3, Gaussian &
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7.9 KOTO FEEE T L Tv% ADC, ##:h ADC 7 L —t, HFeds ADC €2 2 —)b, ff#E
ADC F ¥ v 22 ET,

— RO DB T 7 4 v b 24T\, Gaussian ® mean IZH)in 9 %5 ADC fiiZ Minimum Ionizing
Particle (MIP) 123t 9 2 AT (Qurp) & L7z, XD I MPPCS™ & @ Qyrp DIFFIZAL %

o x10° %2/ ndf 2.681e+05/ 15

-+ ; Prob 0

§ 10000, - po 6.1260+06 + 1.8626+03

3 i p1 1.307+04 + 0.6

5 ool p2 1879 £ 0.8

— 3 6.493¢+06 + 3.6416+03

NCC Csl CC04 CCO5 CCO6 = | ” o 809102

I
I_E D D D 4000
I

710 () Sa—F v I vHRICBBLET =Y 2N EiTo/, S2a—F V23 Csl 2
DY A=Y EEETL2HREZES-OIC, EHilicd 2 NCC izt y F23H b, Tl CCo4,
CCO05,CCO6 DN icb ey F3H A FEREMA L, (F) MPPC 231 L 7210 #i5 ADC
fED o34, HEkiz, Gaussian & —XKEHEDANC X 2 7 4 v P DR %Z7R T, Gaussian D mean I
X d % ADC filiz MIP (239 2 AT (Que) & LT, 77— INSRPOL(LEZRD 5.

T, BRI ONER RS LT\ 5, F— & IE ORI MPPC ({HIE O IEA %5 L T
Widot (MII2), L7z2->7T, 2019 42 H 25 H» 6 2019 44 H 23 H (X D HRPEN)
D, MEDRE L I:BDT =% ZHOTRHiiZ 7% > 7%, 7 — % HiSE523 30669 & 30696 T
HEH OV (Qommery & F— & HUFHSH 32152 & 32193 TOHHERH DT (Qlater) %k
Qlater/Qformer % fj\>C tH I B DL % 3P4 L 72

[LT3 i MPPC o A 0 2R (QRe/QMgmser) /R T, E— L8 — LIk b MPPCS™

I B AR AR RPN ST AR IR SR
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
Integrated ADC [count]
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' 18000

17000~ 2019/02 2019/03 2019/04
16000
15000

14000

Integrated ADC [coun

13000

12000

11000

\I\lHH‘\HI‘IH\‘H\’\l\l\l‘\H\‘I\I\

=

o000 b bt b b b L L ]
%200 30400 30600 30800 31000 31200 31400 31600 31800 32000 32200 32400
Run Number

Xl 7.11 MPPC O&Ef OKiRIZ{LDFl, 77 7 il 7 — Sy BEES, S a—A4voFH@HERIC
N2 ADC %z 7uy L TWw3,

35
? E e r=251 mm
o F * r=382mm
A
éﬂ E o =454 mm
\; 33— ° r=727 mm
"3 E 2019/02 2019/03 2019/04
o 32—
(=% .
g F JRTTTLUITPONTITTITTN .m"mul"'"""
© s passsgece .80
C gost
- ." ......................
e T e R
Bl
290 ,°
28>
=
B0 1 30 % 0 %0 % 0
2019/02/14 2019/04/23

Time [Date]

X 7.12 BAENTHEL 72, Csl O KR EOWE, HOEIRREZHE L 5o v — Al 5
Dz T, RPN OIIFICHUES L 77— % 2> T, MPPC D&M Lz K 7,

TIFHHEM D15 % BERWA L TE Y, E—AF =125 300 mm 2*5 400 mm Bz F ¥ > 7L
TR BRI 10% BERD L Twviz,

MPPC O &R O DJEK & LT, Csl fiDFIEERBIRDOFEK & MPPC O HRPHHAIER
kDK% # 2 72,

7.21 Csl #EROERXEDEL

JATIZE T, Csl KO FLROREREEZ XY trvryoE—2%2 W CHlE L7 [14), Csl ®
FER ML X > T (-0.93 £0.08) %/°C 24t %, X II2 DFEPOFIETIE, E— 4026 D
FHEEDY 400 mm DLF o CsI 5Tl B £ 2 1°C ER Lo, BEAIC X 2 R0 E%
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Gain Decrease
0.855

I 0.864
0.873
0.882
0.891
0.900
0.909

0.918
y 0.927

0.936
z
X

[X17.13 MPPC o HBE s & (Qlter/Qlormer

(—0.93 £0.08) % & RS > 72,

7.22 MPPC DEEX - REERDOEIL

MPPC O¥f5H L AT A — N —BEIKET 2 (K OD), 4 — N—EMEE. HMELED S kK
REEZGIVIEETH S, COETIE, £T7—FINEHOHMBRE & 4 — N—BHEIZOWTER
%, M8 1357 — & [ MPPC ICHIN L 2 BEZ7R T, AL Z2BEIZEAA S b= 7 2 DHfEsE

WZHDWTHE L 72, MPPC OXAMERE (R B) 2065, #HEREEVHFRELE +3V 72 kf}iEL“C
T—7W%¢;@F%Tﬁ&wkﬁﬁttﬁ® A= N—FHEZEFEL 2 (K I8), 7— & MNEHI
F—N—FBIERW IV Eoltd, F—"—FBE ﬂ?%%{ﬁa@mﬂ$®%%uﬁﬁk AL
THBOHEZITH, MIIA Tld, MPPC J koA —N—FEEICIE 52 EFH 205, Ziid MPPC
CEEZAMT 2EY 2 - LOEFZMLITIC, A—N—EEZHZ 772D TH %,

F—=N—BEDWA DR L L <, BEEROMMN & EZ L ZEIE L 7,

7.221 BEER

MPPC i CsI #m YU A=%D ERICIDfFIFoNT b7, E—AIl&ENIhFICk>T
MPPC (3N F RG22 1), SRR T 2, BERSEMT 2L, RILIDICRT LI, 7
U F‘IE]E%*T‘O)ET}T’C@F%F#%_ D, FEEIZ MPPC ICHIME N T 3 EEDWAD TS5, N4 7
Yy FREETOEFIEERZ TuA L L, % MPPC IZiii 2 R8T /4 pA ERET % &, % MPPC
DEHEFETRIZUTO L) ITEE S,

I
TuA x1kQ+ 7 pA x2kQ =15 x T mV (7.2)

»> MPPC ICFEHEZ 221 27212, 8 MHOBIHEY 2 — V2> 7,
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Ta=25 °C

6.0 x 10° — (Te=25°0) ¢,

— BEE A
—— JOR R —oHE ST L
5.0 x 108 H = = = Hiighe (=450 nm) T 50 o
. e >
e B
4.0 x 106 1 40 R
H
B ‘ / if
#0130 x 10° L 30§
£ / W
{\
2.0 x 106 A 20 _zl_
I

X
- 8

g " 10

10 x 10 ==
— -
0 — 0
0 2 4 6 8 10

-/ —BE (V)

7.14  MPPC DIfER, 70X~ — 7R, B & — -8R [22],

- - HV (V) EEEEE: Over Voltage (V)

e 54.09 S 280

= |54.14 H |2-84

B 5419 HH 288

, 54.24 HH 2.92

i 54.29 2.96

54.34 3.00

54.39 3.04

54.44 HE o 308

y I54.49 y a=p I3.12

54.55 - 3.16

z z Lt% 1] =
g X X
X 7.15 7 —#UEEH I MPPC ICEIM L 7=, X 7.16 MPPC &4 — N—%JE,

X IR, K 19 (N4 7'V v FRIETOAEHEERZ AT, E—AMGEOERIEER?IS (., ©—
LD SHEN DI L 723> THEER?D 2 %, 2019 4 2 A 25 H (7 — 7 BUSF5 5 30669) 1}
ELBERIIRRDF v 2V T2l pA THoDIIR L, 2019 £ 4 H 23 H (7 — 7 HSES
23 32193) CHIE L 72 WEEWRIFR AT 81 uA THho7z, Ld->T, 58 HE ¢4 —N—EHEIZRAT
90 mV j@Ad L 72,

7222 RE

RENIZAR LX) T, BENENS EERELEDL L5720, #REFHEETEDEIT 5, ERiK
PLEERO MBI TOREZENIZE LZ +1°C Thot-7-o, #EEEIEET L 54 mV B30 . HHNY
WA —N—FBER 54 mV T3
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1kQ 1kQ 2kQ
MPPC MPPC MPPC MPPC
2kQ |
1kQ
(=510Qx2)

71T NA 70y FERITAG T 28451 & ikl LI o Bytic X 2 BT T o (4],

1kQ 1kQ

Dark Current (uA)
1.9
3.9
5.9
7.9
9.9
11.9

Dark Current (uA)
4.8

12.7

20.5

28.4

36.3

44.2
13.9 52.1
15.9 59.9
y 17.9 y 67.8
19.9 75.7
Z Y4
X X

7.18 7 —ZHGET 30669 TOHEEI, 7.19  F—=ZHSHES 32193 TORGEI,

723 THSNZEBRBIVELZNICNTEER

CsI DFIIEDZEAL & MPPC DRSS - B DZEL, & —N—HEDR 2 ZEL, FHEH
B EIRA RAZ R 72, X201 Pl S 02 BIRD R QUs/Qiune 27 ¥, MAEHIREAT
8 %o WA % ETFHL 7z,

e S N BARRA RO J 25, PR 28R R E D bREpot, EAONLERIEZ D5 5,
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