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(1] LHC ATLAS =&

WM R A% 22860 CERN @ Large Hadron Collider (LHC) &, A K& T RNV ¥ —T
DT B FEERINNEIRTH 5, AFEETIE, LHC ERTTF — X 2H43 L TW\W5 ATLAS
FEERIZS MU TRz, LHC Th 1 - B EEZ2HIE L T\W5 ATLAS & CMS MiZZ6kiZ, 2012
iz y Z AR FEFER Uz, TO#%E LHC IS ILEE 2K, b v 7 2R 1P e
MO ENE, B ORBLR L X I RN TYBLOMIL Kl TRz, 585, IE
MEMHEBET v T L= R U5 2030 ERE THE 2. X0 &EWEE TOMET
SEHETH 5,

2021 4EFE X, LHC N#2E & ATLAS EBRIZ, 2022 F2 5% % Run-3 &2, 7 v
TITV—=RDHDY Yy NE Y UHTHo7z, TNETIZH/ONTWVWS T — X E WAk~
YRR TR T H B, T 2Tl vy S AR FDOREEIE, 2{HD v v 7 AR T HE K
ARSI N2 YIHLEREOBR, EHERREBZ 5y J AR FOBRIZKE > T, YEEiT o
BHRZ2 X205, WRARFINV—TTIE, YVarvab )y 7TRHBOEIEZ{T>THED,
% 72 2029 4EH 5 O HL-LHC FEERIZ AT 72>V a VB E DT ST TERT W3,

(1) LHC-ATLAS FBRODIRL & RAEH

2011-2012 #£® Run-1 EER T, HORIAILVF— 7~ 8 TeV TO T - BT EE %2475
7zo Run-1#% LHC 1%, 2013-2014 D T3 )V F =D 72O DR B E2 KT, 2015 F0 5
2018 4ED Run-2 EERTIX, ELORIRINF—% 13 TeV IZ EIF THEEFEERZ1T>7-, Run-1
TIX7 TeV, 8 TeVDF—XEZTNTN 457 b1, 20.3 b~ !, Run-2 TIX 13 TeV D5 —
R % 139 b~ B L 7z,
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THolze ¥y MXTUHD 202041220 F T4 VADNYT Iy 2RI D, 4] 2021
EEN SR FETH > 72 Run-3 O 1 FHOEAFE UARE L7z, 2020 121, CERN I
WFSER DR 12 B ERAKR DO NB DA AMEZ L - 7R S & o 72 A%, 2021 EEEITIE Y «
X - aaFOEGEBEOEARMNIEES L 2512, CERNIZHBIT 5 AREHIES LRI ED &
DDOH 5,
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Ny 2759 K- L= rDEIMZINIET 520D N ) T—DT v 77— KE2{Fo>TW»
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300 tb~! DG T - BT ERET — X2 EMT L FETH S, 2026-2028 FE12 1, HOMELS L
MHBMOT v 77 L= RPFEINTE D, 2029 £ 5 (TBFEFEE %2 Run-3 D 2.5 512 E
\7'% HL-LHC EERHD BB X 5, 10 4ERIH 1) T 3000 b~ D KEEF — Xt v b 2GS
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(2) kv Z AR T OREEE

FEHEF SR DB D RFE R TH oz v 7 Aki 1%, ATLAS B X UF CMS i FEERIZ &
D, 2012 FFIZ LHC &R TORG 1 - B PR T — X 2 HOWTHR I Nz, LHC EBRTOD
BELT D02, FALZey F2RTOWEZFFEL HIE L., BEHERGRZ E L <
MEET 52 Thb, ATLASERTIZ, by 72K FOIFIFHMEEZ, T — X0
LEHITHELZ LT THEEZEHFLTWS, AHiTIE, ey 72N TFOEENEDS L, &
Bk RE2 WL O T 5,

2020 FEFITIZ. 139 ! ZEM U7z H — ZZ* — A0 FEET ¥ > 2OV HUR O & ifllE T,
by 7 AR OERIX 124.92703) GeV/c2 LMEI Nz, 1122 DR COREE RS
fi%z "3, ATLAS & CMS OfEffEHE%2 a1 v L, by 7 AR T-OEEDHFEYIL,
12525 £0.17 GeV/2 B S5 T W5,

by 2R T-OEELREEIX, 7V IA L EDBIFEEDME N, 7o I A VERIC
FHild 2 LB TTEINT WA I L THD, 7, EHEMBIZLE L, Y=Ykt
13, BRI NZEICEE2EBLZOTHD, ZOL v F AR T L OFEEHIEUER
ED THENE D PERGET 5 Z L IFERBE. TN OBMERGROR 7L &y AR TD
AL, ey 7 AR TOITIEREM - EAROBEZHET S Z L TRIET 5, b
T AR RSO, RIS FIE O UTHIE SN EA, LHC TIEZ D
HIE B OEHEMERIZ X 2 FEM L DI ZE 5L & IR,

by AR FNT—VRY URIHET A H - 22, H—- WW* OB Iy 7
DA =0 DN—"T - BAT T I L%NT B H — vy ED, Run-1 7 — X OFEMIZR fEHT 12
ofEREIN TV, AU Run-1 OF — X @Mz & D, H — 77 i€+ ATLAS & CMS
MEBROESFERTHHN I NZZ 2T, Run-2 BF U 312y ZF AR F2 7 2V I 4
VEKEAT A DRI N, 2018 FEEIZIX, by T AR TFDR N LD A — 7 TR
TEHGEE, by T ARFLR Ny T 74— e ERHCER I NS 8D, 5 o A EOAERE
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TTICHRINTWE Yy T AR TOER - FiEEF Y 22 L OBBEICHET S22 L
T, BEEMEmZ SWKHE CHEET 2 Z LD EETH S, 2021 FEIZIE, HOLRIRILF—
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cU 7z, 200y AR TN VH £7213R27 bV - RY VMl EBETEREI N H —» 77
BRIELZERDO 2D r R FOLBEENM L., H -1 REBELU-EE2 2T 52 & TE
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CHIES N, ZOMEIK, BEMEROPEE 3.17+0.09 pb & K< —HLTW5S,

LHC Ti&, FE2MHRO TNV IAVOBEEDOEFEEL LYy 72K FTH DI L 2HEIDIAN
< WHFRICHUD MLA TV B, 2020 4512 ATLAS SEER Tl 139 b1 DT — X2V H — up
DAL DR 2 AR Uz, O TIX, ttH, VH, ZV—F VElE, X7 ML -
RY VEED 4 DD v 7 AR A BGERE Z N RN U, BRICH—IHREHRIR T 5 Z
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EHEEIX 20 THoTz, EEHZROTEMED 2.245K 0 KEWEEHEZ 95% DOISHHE TF
WUz, H — pp OFEEFEIZ, CMS EERTH 2020 FEICHERMEREZ AKX L, 30 DEEE
TESOREIHERSINZEWMEINTWVWS, Run-3 TF—X 280U, JEKEZMEL
TW ZEDEETH S,

ATLAS EBRTlZ, T2 EFTHRARTE/@AD, IEIERhb vy F AR TDER - fiERfE
ZEANCHIE L, BHEEROFE L ERTWS, AR, ZHSEBROMITF v > XL TD
HIEFE R Z RGN T 22 2T, KOBE XIS vy 7 Ak T 2 O EHEHER O K 1 DH
DFECGDBRIZWET B LNTE S, 2021 FEIZIX, 139 b OF—X &2 HW7-EEH
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bty J AR A D Z IR A D EERE DR DA F ¥ v 2 IV Ofift TfF o Wiz ik R & [H)
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DEEFERN S, H — Zy BREOBIFERLBHIc TN b o Tz, K412, 85
N7 1y NOKREZRT, EOKIZ, 2ENOMEREZFRIZZ7 4y T 2T, £
Fhb v 7 AR FO4SGERE L FEERROMAE ORI LT, FE5MEZHE L ZMERT
BB, 155X ERBHE L AIED IO 2 RO P SME TR L 2R EH
LTWbDT, EEHROTEMEIIKTTIE1ITHD, HOMIE, SEIEhkFeey s
2R FORIDFEEZHE UAERTH S, by FARFDOI TS TR FADOKEE OHIE RS
Hix, WED L ZAEEERZRY L —HLTWS, I TE2 T —XE0NHINL-Z
YT, WEETLDBFH LYy VAR FOEBBERZHAETCE L5 >TETNWD,
b v 7 2R DERGETE % W < D OEEE RIS B L. E O REIE T O AR
MifEZE, EIFER Y S AKFORERECORIEZFERICT7 4y N T5Z & THIEL -
FERA 5 TH D, EHFNRERODENL, £ D& Yy F AR T X 72 13T 501
DEHREIZL>TERL TS, fERIZ, EEEROFS L L —HLTWE,

(3) b & AT A 2 MR A e & 2 R O PR

by 7 AR F3 2 DEIFFIZAER S N A HRIE, LHC TIKX 6 1IZRTEBREELE Z 50
%, MEHEMENE D THWZALFD 2 DOMENREI D H o THEET S, 25 LizFR%
FRUMBIZNETSZ Ty 7 AR FOHCHEEHAZ IR TE S, —HT, 22 2IE
B\t v 7 2R i Y, EHEHER A B2 AHRTIX. by AR T2 DIZHHET 2 E N
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HH — bbWTW ™~ OXREE— N THRU MR Z 2019 F£I2AKR LT W, TOHE,
Run-2 D2 139 th ! DF — X Z2f#T L T2 b v V AHROBREN 2T v 75— LTV
52ZA5THD, 2020 F12E HH — bbWHW— f#ir &, 2021 FI2iE HH — bbrr BX O
HH — bbyy Offffie 7y 77—t Uiz, 3F v e d, T—RANCHRRESOFYS
DHERI NI o7z, RITIZINSETTRONEZ 2 by 7 A EfEDEREERE I L TE
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FT 36 ! ZMHL T2 3N U UERERE D S EWVEE THEARINT WY
%, MM F ¥ > 2V EEAE Run-2 27 — X 2ffi> T 247> THE D, THUSHEEN
Rio7ZBRHET, LK E2F Y RV DIAVERXR—YarPMTbhb FETHD, < DT —
REEBEMU, 2y V7 2HELOFER L, by 2R TFOHEHCHAEMEHOHIEZ1TS Z 21X,
TEAEIF RO L \W—H 2 RGET 2 Z L IR 520 EETH D, Run-3 & ThiZHi < HL-LHC
TOHRERETDH 5,

(4) FEMERERZHZ B v 7 Ak DYR

FEAEFER T, by AL TTAVAYY - X7y b2 1EEAL, H—orhiE
oy ZZRTHFEINT Wz, FHEMREZEA ST I E0FEN FHRT. #HOMH
D w T AR A DEEDPRIBENT VWS, Ly T ABIZTAV ALY - X 7Ly b 2%
BT 5 2HDM ETVid, BURENER FHERE LTI EFond Z 2% v, FEHE
NTVWBLERHMEGRTE, By IR - X7y b 2EBEATIZHERH S, B/NEOIE
MNFFEHEERTH D MSSM  (Minimum Supersymmetric Standard Model) TH, 2fHD v
TR XTIy bEEAT S, LHC TOMHEMERZER 5y 7 AR T H#ETlE, 2HDM
PMSSM DI FI RV FIAEEZEZTHEERITOHBEDIZ N,

ZZTIEMSSM DS 5TH hygem YTV AR TEH#R T %, 2200 v 72 - X T Ly
kAT S MSSM Tl 3 o0fERMR ey 72K Fh, HL ALY ELEDMEZR-
v AR HT, H- D520y Z AR IHRFEINT VWS, TNETOFEKRT —
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mL, D4 DDy AR TIEh &0 HEVAEEEAE D,
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D, THITZEIN6 0°PCITHE L ZIRNER % EMEICHR L, BRA QKR E$T5Z & h%A
REIZ o7z, 0°HUBE L 2N EIRD. Run 2 L OB 2R L 725 DA 10(4) TH D,
NYTNTETIVEREEOHIT—EHL., WNEBERORMEN X HMETETVWE Z 2DUR
Iz,

SCT TfibNTWAEY Y IVA Ny TP =i, nMI) a2V TTELNILTEIC
T2 TR—ZHBIAATpMA RNy TR UZMETH D, NIV IEEGIED | 5
N T 22 T2 —RENR EF U TNV D p B “HIZH” 22 U, BIAHZIZIZEN
BEIZS U TEAE?S A MY v TN P> TEZAVED K 512405, HHED SCT 138k
T RTDE VY —=DREBmAERL I L TVWEEEZ SN, LD > THICEEEZLERE X
DEFTITE NN T AEEZ MU T, fER RHIEMETLTLE S, 5%
BE % Run 3 EIZTIE, BAHRRICS U T2 2B EN LR LTV 720, BHEDR
XS5 HOWRZ ERECFHIL T Z 2k, SCT D47 Run 3 #EKIZ M IJ CEHEL &
%, SERZEZALEE Vep 1X. B 11ISRT &S RIFNERDO N 7 AEFMRFED S AfED
5N5, WNWERITEZALU AT 2720, KEEMES (V < Vip) Tl WHVE
WBKRIE TINS5, 7NV EPERITEZLL 7251k, ZNDL EZEZ EERRITE R 2\
b, —EEEINS (EBICIIEEBROBMMIL D, BN EFTS), Liad->T, M
11 (f8) IR o BRNERDOEMBETIOZLLRN S, Vip DIEEHEET 5 LN TE 5,

DI UTHRED >R bEEORMFEEEZX 11 (H) TRUEZ, T—XIZ
X BHEMEIX, N TIVTETNTTHE N ZLEEDBINE & OAME R E b
LTHED, 2016 FETA I S 2 RIAHIZ L 2582EZBES., HEHRIZLIIERNTY
%, —}T. 2018 4E#&H b 5 2019 FFEHIDIZ DM T T DFER 2 Z LB DAME A FE T —
RATHRORESHTWEERE, FHlE B LAVWESAZIIoNE, ZH5DENIZD
W, BUES SR fiifr 2 Kt T\ 5B,
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ATLAS

95% CL, exclusions

—— Observed 36 fb*
..... Expected 36 fb™*

+
10‘ H‘H‘“HH“H“H“H“HE H - tb ) Observed

ATLAS e 10 hMssM ... Expected E

Vs=13 TeV, 139 ot I Expected £ 10 ] F \/g =13 TeV [ Expected £ 10 ]

[ Expected £ 20 r 139 bt [ ] Expected + 20 ]

—e— 95% obs. 36 fb™ result [ ]

..... 95% exp. 36 fb result
—— hMSSM tanf = 0.5
—— hMSSMtanp=1

o(pp - thbH") x B(H' - tb) [pb]

10 e ] e

0.6 Al i ;- IIHIHIHHHHHnnS. :
N = SR AR NI R ERERN NI VR RSN S A 200 400 600 800 1000 1200 1400 1600
200 400 600 800 1000 1200 1400 1600 1800 2000
m,, [GeV] m,- [GeV]

X 8&: HT — tb i T BHE L v 7 2R T OERER, KD AHIZ 36 fh™! DF —XIZ X 3R 2 RE TSR
LTW3, () ey 7 ARFOEROEERE UTHESNEBWHEED LRME, (55) hussm Y7V A
K42 HIH,

INS—#D, YY) AVANY Y Ty —120 s BRI D AT BRRITINA .
Run 2 iz B I 2T —ZNEY AT L OWRE R EMEEREEADREZ £ & b7 Ch,
2022 £ 1 H1Z Journal of Instrumentation & 0 ik X 7z,

2019 £ 5 3 FEMGE W B Y vy b &2y VIO 0 IED &, 2021 FREICIE
WX W& Run 33&E#E (20222024 4E) (21} 72, ATLAS it#s&fkcnaIyya=v s
NaE o7z, 11 HiZid, LHC DY — A% ATLAS M85 EFRD 2 1) A — X2 E XK 12 fEij5e
I, KEOZIRK % ATLAS RIS 2IRIZ AR S 82 [E—L AT Ty ¥ a] HEMI
N7 (M12), Zhik, MEEHE S— N OEEMEY. 5541 I V7 ORHRR Y D7
DIZfTbb, TOLESCT . KERETEMIILBMIAE -0, BHEEL L
LRTRBBITHERF S T\ 223, ATLAS M 8% Run 3K D) 72, FEHFICEE R AL
Ab—=v btz

ZOEMY vy b XY VIR, SCTIZWT 2RERT Y TV —NEfi-oTELH T,
Run 2 @& THREOIREEZ IZIFZ D F £ Run 3128 EfMk <, 7272 L. MUEIBL DS #10,
ATLAS e F— RINES AT L EDA VR 72— A %S5 R — ROEH, ) avETVa—
L EBBAE SR — R 2 OB OESREF 2 & ML WHEPEENH > 72728, ATLAS
BMHEII vy a= v U Z D IEE REE2 MR T 20 ERH 5, BifEIX, FITFHE
MUEEIZ & B SCT OEMEMREREMET =y 7, MilRHEEE & OFRGPREBOHER L HED ST
W5,

(3] HL-LHC ATLAS EEAY ) J VR HIZORERE

2029 & O, LHCIEBHEIL I ) &7 1+ —% 7.5 x 1034 Jem? /s 125] & EUF 7 @@ 12
A% (High-Luminosity LHC), BIFIZIEINT 57— X & L CHEHREIZRIRT 2720,
BT ATLAS BIBEHIC T B RIERT v T 7L — RBFEINTE D, SCT 2 &D 7N
PR I, LW ) a VRIS ER T & % Inner Tracker (ITk) ICEEHZ 5N b, N
VOVERIE 4 9 JECRER S v, N8 58 1% 50 x 50 pum? (B D & 25 x 100 um?) D7+
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[ H -2z - 4wy, 361107
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9: ATLAS ZEATO I I ERMHIZE S, hussm ¥V AT 26, Lo xoffificgzh
BZEMERIL. TTICHAINA 125 GeV/c2 Db v 7 AR T T 2 HIED 518 5 N 7= R 2 H%,

Ve roH— g4I um EY FORA M)y TR =TI N5, 45180 m?
HEOEREZ & OMFHRABDO ) 3 VIR TH D, 2028 FDEKE HIFEL TV LW
kovaveryy—8E, BIXUOERYYIVEVa—- I VOBEZHETSZ7—XIZAD
DOHb, PPRTIE, FIZTVVIVANIyTELTYY av oLty —DEER
PERERTEA, B LTIV EY 2a—VORKE, EANADKES KO 21 L ah
SEEDT NS,

(1) ¥YVavabYyFeriv—gjE

ITkK YY) avAN)y TRy —8REOH T, FIHKTIEE T RV F —IH ST IR
& HET

o VO Y -2 2 MBERIEIE OBRIES LOA MY v TRMERE)
o VERET A FEH/NELT Y O v v —HEIE & FH O 72 BURHR N M G

EHMLTWS, 2021 E7HE D, AZBHI VIV ANy TR oY —DBEIHRE - 72,
B 13 (A) ik, A MYy T ¥ —BEEGEIES K AR OHER 2R LT, &PE
PRGSO BN SN2 D8, RLIENZED R U, Tz 2021 AEEMATETH -
72 1,784 D LD FERIENZ T, MAI Nz, 5%, W3EITHZD, & 20,000 BA
b (HARES 21X 6,000 A L) OV av A )y TR v —%2BETETH S,
R EERE 12T AR THEGE ST ORI =27 20D &, BRK N =27 24N T
N5, R4 BRI ORERMZ ) € — b CTEM. B X OMERERONLZTTS
WED DL, mEFRBSYNIIEWE TORMBERELD D, T OHEBERPE K DOH Y E A EIH
FIEZBEOBERD 72, TN OREIZN L, ABIT 7 —HIB 702 J A%, HE7xRE
FAERO HENAMEE 2 T 24 Y, Mg B 2 EA, EEALICIIRIRARHIE 2 E
B,

R REBR T lE, A MYy TRy —2EU Y 2N — EICERS 7z iR B E A
(TAMFY . 8mmAI XA A—FBIP1I0mmAI=AMN) vy T ¥ —) 2H
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1000[ Barrel 3

T —fitby Tzexp(-Egm/ZkBT)
® LVOFF
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—+ Endcap A Outer

HV current [uA]

[ 2019-09-19
800

[ ATLAS
600[-

2019-09-19
8T=2.95°C]

400"

T Lobil Lod 1 T Lod ST Lodul
3 1L

: i e dh A PRSS AL ARG MBIV er
2007 5T=12.80°C B 8 csE i i ar E j

r 3 L "
ST, [T £t A N NEA SN B BESROTIVIEE

Tl NS W S NS T S S v i ST ST S PR S S — et s A

0 0 s 0 e 0 s s 0 s S0 s 0 s E 05E llllllllllllll 1 Sheffi el E Shffi - E Shaffield mod; v}
Hybrid temperature [°C] Hybrid temperature [°C] 201 2017 2018 2014 2017 2018 2014 2015 2016 2017 2018

X 10: (/) €Y a—) ETHIE I NZIRE (Hybrid temperature) &iE4VER (HV current)
DEFRERIE U 7AER, ZIEAVIVE, iy FE3yy 7O, TNENRERNLREY 22—

B BHERRZ RS, BRIXASICITH T 2EE (LV) 2 OFF OAREETHIE L 724G
B AREIF I 72 SCT ML DB HIRE 123 W T LV A% ON OMREECHIE U 7= 5 Iz )
695, (F) IE 0°CIZHBE U ZRNERD, 2014 £22 5 2018 4£ £ TORRHRE, MGt
MECTRD RS AMHDE Y 2 —IIZBI 28R E2RT, KEAT —XIC L EHHE, ©
TNV RNEDFRINVY TNV IZETNIIZE LDV TFHIETH 5, Run 2 EIEIZE TS
T — ZUEEDIARREAL U 72 2016 ELARE, K THEAER 100 pA/em® $FORNERH EFH L T
Wo T2k T b0 5,

W5, 2021 £ 12 HIZ, REETIIHO TOG T — LR EZ, HILKFY A 7o bn
Ve IIXTAY b=Tt & — (CYRIC) IZTEMU~, K13 () 1. 1.6 x 105 1-
MeV n/cm? MY OG22 B Lz I =k o3 — 6 AR HIE L -ERE2RT, ZORHIEIX
R LHC-ATLAS &fiz 4 @ﬁV%mf%mém6M%ﬁ$®15ﬁcﬁé?éoth
OISR E Z 1T 7215, 500 V EUINEFIZ TR TOH > T IVHH 12,000e~ DOUEEE & %
AUy ZHUFESRBIE L b & 2@, Z0ET, KU ) a1 7 ZAEPUER A b
Dy THIFFEAER Y, GEFSHEHZHEL., WInd BIFRiER 2 MR L 72,

(2) ¥Varvreiltry—8EL L ORMEEY 2 — VIEREHM

ITk ) a7 vIUBHERIZOVWTIE, BRIV —7 (FEROM KEK 74 & 8 K -
MEEE 2N B )arverelt 3 —oWiEdEiirs ey a—L#lEEcr —HL
THYTZ, 2021 FFEIZ, 2RV EY a—IVEEIZAIT T, B2 BERI D - 7=,

TP, ABHEZ ¥V v Y —DHFEEL LT, 170 DY v —%EpE, ORI
EMEMEET 5 & & 612, Eﬁﬁktakwk/ﬁ @ﬁ%%ﬁ%LL HlETCES, 7
H—N—2 WY AT LOFKEZED -, M 14121%, BREERMES L OFEETERME
DMEFERZ /KT, BIREEREOHERE RN S I, ﬁﬁmf%éﬁ&ﬁb 27 AT H
RHE PP —HT 2FERE2MATE 72, REEERETIE, BB Z/ELEL 60 V
At e, WRHEY DR THEZ L 2R L, T I Y—ik, EZ7RLE
Va— )VOHEFEEIZHEHI NS,

¥z, FEBIZHVONAE I ASIC O fENN—T 3 v Th b, 1Tkpix-vl % 4 #HE
HLzv)arvEeEYa—)LE, HOTEELEZ, LO/NBREYI2LVEY 2 -l &
LZHEEIZHBNWT, —55°C 55 +60°C (EERDEEREREE CHREMED & 2 I K DIREZL) @
REZLERTHE, AMLVAIZEDE LU —2 ASIC & Dl (N TRV T4
V) DIRZIZIEDBNTLUES ZeDd o7z, ZHE, BRIV EYVa—)VELZEN) LY
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Vo (Full Depletion Voltage)

800F
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i)
p,

e

"
y)

i

e e
S o
s

L B L
a0of 2018-11-01 B a0f ~ Yy Sy J - t (r 4
F Barrel 3, n=1, g=21 e a0f ] . 1 ¢ d 1
200 - S L *
of R S w I 73§ § % g § 5 &% ¥ 3§ § ¢ 3
10 25 50 100 200 300 & 8§ 8 8 8 8 R 8 /R KR 8 R & & §®
HVsensor \Y] Year Year Year

11: (%) wHhE (HV current) ONA 7 ABIE (HVgensor) WIFED—Fl, RIEB L
HRORINEEFNFNORBTT v b ULERELORE (R Offiz, 2R%EZ
LEEORMEE O &35, (F) RS SN2 EZ/LBED, 2010 £025 2019 £ X T
@ﬁﬁ@ﬂ M%ﬁi@mﬁﬁ£@é3M@%y;~»*Bf%#%%ﬁﬁmtbfﬁ?

VC%%O

WEoTa—T 4 VT EZETHMHITE S Z L HREBINT WA, 2021 EEZITIE
FREARRIZIEF IV ITkpix-vl EY a2 =2 2WT, XYLy a—F 4 V7 2ELT-ED
(D) VUVBEAEYa—L) L TWRWwWED GESV L YEYa—)L) 2HEL, —55°C
M5 +60°C DY —<UYA ZNEMOIET I LT, TONY THREZREIEL 72, M 15125
T LI, ITkpix-vl EY 2= ZBEWVWTH, NV UVFEAEYa— L TRV TRV T«
VI DEBNHPEE RN EDER I NIz, 2022 FEFREITIE, 20 B EDR) L UEA
EVa—VERME Y=< P A1 2VERBREREDIRL TEOMEOHMRE HIFT,

NSO ITkpix-vl €V a—)D—HiZ, FALKF CYRICIZBEWT 6.3x10'° 1-MeV n/cm?
F2Y DG 1185 247 - 72, $512 2022 4 3 H OISR T, BFRE I T — X 25AH
U, TORMEZ YV TIVEALTHIET S Z 12U, M1613) v 274 L — R DA
BMERL, BEREIZGU TS0 MHZ FREDE FAR SN2, ZIERIfER T vz IR
HEE%ET, VoA L —XEFRER, €2V EY 2= D21 igHigROE=% —
EUTHHTE 2B Z R Uz, BTFRABROY I IVEY 2 -V, IRNETHPEIIZ
BEILTWaA 7280, BEREBRIFZ s U T EE LT U 5 mREE2 D 5, TaS
FAE T CIVEY a— VOEWEABRZ Z2ICEMT 5720, NV FoRTLEEBRERES
AWZWEIy AT L% 35t BELZ, ZO%KEE —45°C IZWEI L 72 HiRENICERE L 72
SZATEZRLVEYa—V2BHTEHILT, EVa—LEER2 —35°CIZZELTHRDZ
LI LTz, 5. BFIRETEAT Y 2 — )V OREZ2FEIICHEE ST 5,

IRV EY - )VOREBIZIZEWT, £ LM T T 24ERRERBECHIE L.,
E@&b&tﬁ%&bfb&b#%%nTéﬁ%#%% FEREE I, A= b7 A =T A

12 K B IEFEMIRINE L E Z VD, 2021 FEEIZIE, XTEVa—)LEEENS, E7+¢
Lt vy — aAmc#%OébéMtﬁﬁw%/:—»®%%M%%&%%ﬁbko:@%
EomTlk, M17 () OS2, RT7EVa2a—1V0O % 2FHTHI LT, BIZRTE
Va— LV ERORERET BT THRL, ¥ 2Rt rH—i#E ASIC HEFNEFNDE A
LHIETEL LD 1T oTz, A 20MDRT Y 2 — )T U TEARIE %47 - 7= HR1Z
17 () BXO (F) ICRUEZED T, TRTHHDICERMELNTH S Z L 2 HERL
2o ZOEDBARTEY 2 )V, BIFEHEE T AL INIZ B E R R EEE AP ERK S N
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X 12: E—=LAT 79V alfDARY N T AT LA, Ia—FAVRHEBPHIT I A =KD
FIZTARTOF ¥ VR NVMIZBEWT, ZIRKFICHET 2 ESLBREI TN S,

27V FRVTNEKEZEOMITIEZI LT, 7RV EY2a—DREKT S, ZOREDE
Va—)lik, REICHEVIDIEFIZEL . A— b7 4 = A ADE RGO D o 7z
D, WIRIZERT B Db, TOLI2MEZERT S X5, HIEAE P A% R
U, MEEL2ERS Z e, 1BV a— Y20 0llEH M2 T TD 43905 25
I RIBIZIGHME U7z 2021 FEEIZHENL L2 RTEV a— VB LUV LVEY 2 - LD
RHIEFIEZ AV, SBOBEIZBVWTE XY LVEY 2 —LDOREREEZTS FETH 5,

(4] COBAND =&

COBAND &, S KFFER FERELZHLE T HEBEER OV 22 b Th D, BifES
e LTHEASNTWS=a— MY/ Jif FERIA 1012 E2 B2 2 ECFHER=2—
NU L DFBIZHED N F 2 RR T 2 FREEHFTH L, XD N—TTIE, Blary
NEBRTHATED=F 7 (BIEEX vy 7TXVF— A =155 meV, T, = 9.23 K) &
RHEAK, TIVI=ZUA(A=0172meV, T, =120 K) 2¥K b T v TEE U THWZIE
ZE b V2 IVEAFET Nb/ALSTJ (Superconducting Tunnel Junction) *X°, BE(Z {752 F2ER
TOMHZSEIZEWZBEEX vy TTXVF —DHEITNSWANT =T L (A =20 peV,
T. = 0.165 K) ZiBIEAR 2 UTHWZ HESTT 2L a0kl & U Ciigehask 2 i) ¢
W5,

BIFE, BERRHF CRAVITY & OMLFEZEIC & - T, WNERDD %\ Nb/ALSTI DRSS
»iibi, BRI NDEFNERMEREZ IZITZER L 72 Nb/ALST] Ero8fEonTwd, L
MUBRDS, WA ORILIE 2 T — Y L0 STI 45 OE50HH Uik (2)0.4 mV FEE
WO BUNTIEREZRENA 7 ABED, RWIREHBEEIRR D S8 IZHa6i & 1172 Nb/AL-STJ) #E 1%
ESEL7-OICBE, (b)MBEZE S =a— ) /BB KT (B, ~ 25 meV)
X BRI B HAERTI, 250 €(0.04 fC), (c)STJI 226 DIEHDORFEBIIE u b &
g <, MU T ST HEOHERRIE, Mt pF~8nF K&V, CWSHHIZKD,
ZOHMTIERL, BLAFY LYYV ITEERAD, £IT, HLXDIIV—TTIESTI #
FOI L TREESEMIBTREZHHA L UTKEK, JAXA, #iK% L OLAEZICL
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B (FIEAR) O (HAREYS), F L EERB Y OMA T E iR E R~d, (G) IX
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ZOREIME (500 V EIANREIZ 6250~ BLE) 126 LT, +AREOEMENHGONTNSE I L
Nbhrs,

W7sensorCV
- -0 x10°
=4 Lo
[ =
g © 005
o - - =K 9,
004 e / «  W7sensor1
¢ © Wr7sensor2 W7sensorCV
0.03— . W7sensors | Entries 0
Mear 0
W7sensor4 Mean y 0
002 W7sensor5 §{§B :; 3
«  W7sensor6
0.01—
$e 2e030.808.842.24%
360020140 160180700 R R R R R T I
Bias Voitage [V] Bias Voltage [V]
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14: FRTEFELY 7 vV ¥ —0 (F) BiREERE e (F) AEFBERNEOIERR, £
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HIEFERIZIE, HIE Y AT AMGEED 72D/ EN WY 7L v —%28HTED, 140V
UFRTT V=28 v BILTWVWAY 7L Y —EYd 5,

% FD-SOI(Fully Depleted Silicon On Insulator) 7'\ ¥ A2 & % MR HIE 3 OB % 17 -
TW3, ZNETOWEBKEL LT, FD-SOI 7u & 212 &% MOSFET %\ /- — A #%
iy B [ % D LL s ) £ B 2 B iR D RAE, R OB CENME S H72 STJ D3V AR ES
HEFUMEERA 7 — Y EToMEzH Y, AEEAREZ S OETIEIEEEIC L > TE
WEINEAT A V=XV ZADOEMMBES BIERESR Z2HEL, SRR TOEEXS ST
SOEMaH UBEDEREDH 5, INSIE->THLONEZHROE &, WHE~ERIN
DT % F IR AT RE AR MERE & £ DISIERIEK & %5 L, SOI 7 = /\—®D MPW 7
VIZBMU CEAERRIAL 72, 3REL 2B, )05k QDY vy Y MEFiZ AL LT —
b EEE: 2 W) B IR D 3 BRSBTS UE RS, () A3 — R I T — [ DAEH)
HEES 2 A — RS L 1 MHz w53 E TOERB R MR L 724 RT V TOREMW A lRE
2 & B EMESEIESRO _FETH L, ZhsDEEETIE, BEANDO MOSFET ©4 — b
Ui - AN Befe 3 B & 2 T ESD [RFERIFE 2 I S, #ERIC K 2 EDO e A
BT 52 e 2MF Lz, FEIEICINE T Y BREBEEREOEH WY 7 7 — [0
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265 % S I BGE RS R 2 W CHIE L, HESTJ & U CHATHIOH T ¥ Fe 260D
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T, WCHED D DOWET — XM &2 ED TN 5,

Nb/Al-STJ +MYEIRFEHNIZ & 5T 25 meV OHE—NFMHEHAEB T, KERIZUR7
Nb/AI-STJ ¥ 27 &)l & [mHi#F DA G OEIZ X > THMAE 2% T D —HF- DAl fE &
2%, 1y MEBIZHNIT 7 EEE O TR KO Nb/ALSTI T & % 43 HHIE D 72 D [al 4
Brzaiury MEBRHONXTROMAEDEHKR, BIFRERE L OLFRMZLIZE D ED
LNTWVWS, ZTNETO/HREL LT, EEPEFY Ialb—2 3 ZED W50 uwmKEHT
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EotLes Y- ASIC

— 185¢ — 185¢
£ 180F £ 1807
% 175E 2 175E
@ 1705 @ 170
S 1655 — P S 165F
G160 *esd et e 05,0, .91605—§ i s
£ 155¢ Erssetire, 0t ttite et Tas
1505 1505
1455 1455
1405 1405
13! I S Y T T T S Y B 13:£\I\\\\\\\I\\\\\\\I\\
FN(’)‘I‘LD(DI\(DCDO:N(")VLD(OI\CO@ON) FNW*m@Nw@e:g?gegtegaNo
REREEEE SR eteteretctetetatatets CCC008C0E65556555650

X 17: (/£) RTEYV2a—VOWHEK, X7 EYa—)UED, KEITRINZEHBIIIH S
oY —& ASIC DEGEZFATHI 2T, oY —8& ASICHZNFNDEA%HET
%, () vy —#oflekts, (4F) ASICHOMERER, TnEh, HREENHIDIEARIZ
KNI BERMETH 5,

500QY v v HERAND 3 EIEIZCOIES 01
smmon gate Common source Buffer stage Buffer stage =R
nplification ¢ gamplification : ¢ s IR(ER
ol Lo T* £ 2
“.:;gﬂ"\*:l»? g k ‘
= 4
3 = STJUES2fCEIRELEP VYT
L HHYIalL-vyay
0 10 20 30

X 18: STJ{EEDamaAaH LIz 5 Al ERiES & L CHEFL 2R (£H). SOI-MOSFET DR T DR
MeZsB % %58 LAY I 2L —Y 3 VIZ B WCHHEREIEE S I 2L — kL7 (H8).

MFi%at - WE, ROEHROZEFIMNED L =PI L B EHEFOMWREZ R L TW5,
Eiz, HFVIalb—Ya VT EBEEBOLFRDKEGN, KU T —D—HOMME, W
STJ ZEFHEMEIZH T KAB L LT 10 I 70 v ERERLY ) a v EEORMEER T - 72,
2021 LT BT B R & U T, AP IR EGEA LD 72 8 Nb X Hf ORI - 55 7R S
TONFEBHE (n, k) ZHIBL, FMEIELE LT, =il - 88 (K 465 nm) TOYY:
EHNEE BEOEBTOTY FYANVEIZE D To7, F7-, UEENFRIZE->TH
eI NEE, EFBEFIZ K D ESMET400 2 70 Y QDR Y 2D, Tz 40
70V ST RHANZED B 72D DENMOAELIT 572 (H19), EHRKERIZY Z—D
EARNDF L —Y—HE (FE47.6 « m,118.8 u m) ZHAWVWZRIERE T TOEES - X
BB IR - Nb Se @ BOlE % 2022 4 3 AICEML TW3,

(5] LGAD =R\ 4 RITRER E 23 DRF

LGAD (low-gain avalanche diode) (&, #iAH LD ntt BMIOE NIZERED pt @2 F
S AHZLT, TNT VY oz I 2 MIEMEE 2 R 87-2 ) o v itaRTh 5,
FEENPER S I LITMAEERN 10 EREOMKT A VTSN kb BT 5, F5K
DN pn #EA TR CTRIATIVIZE & 5 72 OIFE 2R REERIZ I B35, kD> ) a vk
HEHXEMINEELZ 10 ns FEE %2 9 528 LGAD Tl 20~30 ps FLE O W fEEEN ZE /L T
&5, mifE LHC (HL-LHC) ® & o2 @m0 IE#EFER (FCC %) TlE. BARBDOK
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I YRRV D=y -
%D%#XWm@ : 7 BIOE400 um#Es

877 7

19: HFY Ialb—vavoBEICEIERFIN, LTI —va EIID TV IRIBET N
7Y 73 A RENEAE R DILR T,

THEROBE RN COMBHMERAE R XN DT, PEERTEOEN A BRI Z
FEEIEHRE A D Z e NTENX, BEERKLE 2R3 Z e cE s, ket
55515 5%F T, EMBIEADORHELHEICH B,

AC-LGAD
n+ eléctrode = 1 i — - _E —? Oxide insulator

-

L -hy

20: AC-LGAD M D&M, —HRaiiiE chERI 55 eI Z /LTl L TRIE L 7= AC
B O HAI S,

LGAD MHi#RE UTIX 1.3 mm DNy KX 1 TDH O H HL-LHC FEERFHIZ ATLAS (2
BHINTWS, RiffRE#SHE T 2720 IXEBO—EOMAMEBBETH S, WiEHE & &
AU B E BRLIEZ /v U7 ACKEAI123 5 AC-LGAD D% - iffE% 2019 £ D S BilA
U7z, 2012 AC-LGAD D&M %2R, b EBERZF /T A — XIIIEIEE OJRE T,
nTTRENEWE FELFEINZESEMPILND T ETAEFHHRE K S HAIZ RS A,
KT &2 LMIENHH TR LD, 2021 FEETIZ, ot T RE, pTEE, BIUEEEZ S
A—RELUTHERMA M= AT 2HOMMFEZEML. SHPHRILKELPH OE - — A,
WAL —HF =% AWz D7z, £z, BERREEIZEE U T HBEIEK CYRIC OB 1%
B L QST @ElEh5err o 0Co MaET % 8@ U T L 7=,

M 1 80 pm ¥y FIZREILU/ZA N Y v TR TR L 7z, nT IRE 2 (KD
2952 8T, BET 5 BN LT HaRIES 1 XbZEK L, Mokl 7z AC-LGAD
DEERET 2 Z L 2 FAEL 72, X 21 £2I1TiE. HALK ELPH 800 MeV/c Ba&E 7 — A% W
ANY Y TDRvy MDA % — L DAEE BNIZE > TRUTWS, BOEWIZEEET
5F ¥ VRN THY, E—LMNEICHVEY NTEF ¥ U RABE{L TS, E—AE
DOARENEEZET S L 80 um ¥y FD AC-LGAD OALESEEE (N1 FVUERE L OHE
1£20.3+£3.2 um 272D, pitch/VI2 25D FHIEL FIE L ARWRER 2857z, ALE D AREE
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IREELOEE DI TESILAET S,

PF D IE I EER T\ B 12 I3 H 3 O EHRRI E IZ A AT R TH B, CYRIC T 1 x 10
Neg/cm? £ TOR RIS %2 U7z, K21 A1, RIS, 1x 10 neg/em? B LU 5 x 101
Neq/cm? B ETOEFHED N1 7 ABEMKEN 2R, BriBsicko TS vy
BENE % BHAA S 2 BIEAEMN T 52, G E BIEEEL R nTwb, ZOHEICLD, BB
TS BT I U CREBHIAEE DML, ZHIRGTFIC LB T 22 TR —RERRDO =D
Ipt R=TBENEHRNFD L TWE-d L HETE S, ZOMENS, FCC 72X DN
ol TIE, HESD SHNAEBE CTHNITHZEPMEHATE S0, KO ABIZHWS
=iz, MEZRFZ2A EXEE, HE2VWIET 72 TR —REZMGIT 20D T RPBE L
5,

0.05

160 T T T T - ;‘ E rr 3
140 bt 1 S
120- Binary i ¢4 & 003%: E
1005~ ™ 203+32um | B e emi 3
80— - (=)] E ! 2" é

E E 6 0.02 o e u =
60— v = ¢+ 3
40t *’ = 3 leld Se14 3
20— *’ — oE 1 - P 1 E

E & m 0 100 200 300 400 500 600

0 5ge-emmsonesf Lol et R R
208 06  -04 Bias Voltgae [V]

Track position [mm]

21: (£) ELPH OB Y — L 2B\ 2 80 um €Y FOA MY v 7 AC-LGAD ® v Minfi,
AN S LNEBET A AN Y y TEBO y M TRIZEE. (H) BFEED MPV {HD /N1 7 ZAETKAT
M, RIEH (—20°C BL UV 20°C TORE) LHTFITED 1 x 101 BXT 5 x 10" n/em? O FHRIEH%
(—20°C) TOfH,

AL H KRBT 7 OFsfA (RER & RV X — AR B T A i — B3 T, 2k
E D7 =)V IWSEAT. LBL %5, UCSC K¥ & OEEETHRFEMEZHEL T, v ¥ —
DRI OBIFEIEN R E A, SRIZY 7 VY — K OEAMREITMA T,
LoV hu=2 A& etniLUTlEL TV,

(6] SOIZAWAEE/NIy IR EILKRBBRORR

Silicon-On-Insulator (SOI) (&, HDAAMLIE (BOX) @z >V a v HERHFIZERK L.
KFOE ) IV EIZE TR EERT 2HMTH D, Frx 1ZRko R T-HZBIZH NS
ZEDTEHE 7 IR E LT, BOXE FOY Y 3V ERZ SIETIOR T e U
Tegn A DB — AR Y 7 b v — 2 FEBT 5 2 < H LW X A1 TOMt# % Lapis & 3
IR X =D 0.20 pum SOI 70 & 2 % A\WT KEK 05tk i 2552 & (7 TR
EAVNE-giR

P KRF T — T IIFAFGS ) & 0 SRS OFZE 2 EE L T E 72, 2019 FE 2 S FMh
U7- PDD % % D& v ¥ — OBMESHRNMEFHM %2 56 7 U, #5321% IEEE ERR2E C#HS U7z,
F 7. B = 7E2E8E ILC (International Linear Collider) EEHIZ~ A 70 &y 7%
W7z 3 RGeHiE SOFIST & >3 —ZBHF U T & 72205, 2021 £ X547 INTPIX4 %
WTC GeVETE—ALTEMEDREEBTAGER T v 7—%2BF L. SOFIST OKEEE
Lz 728t v —o v — LREBRD Y 21T -5 72,
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LE-03
LE05
=] ¢
fEFiREs .
4
’
LE-04
ol
- 4
o v LE06
% LE-05 “‘l 2
£ - - Be gy - = (bulk defect of =]
E 9.63 x 10% cm?) E
< LE06 E "
3 MG
2 ©9.63E13 em-2 Exp.-1 I LE07
, #9.63E13 cm-2 Exp.-2 &
LE07 s 5.02E14 em-2 Exp.-1
cj’ 5.02E14 cm-2 Exp.-2 4
! l' s
Tresh d
LE-08 == . 1E08 ]
100 1000 10 100 1000 10000
S (mV/dec.) S (mV/dec.)

X 22: PDD M52 62 7 L OBEER & BOX % i\ 7= FET © S HOBIG, SHMT ——V v 70
kD IRRES (BERS LOS BEA) PSR4 ICKRBRNO SEICIET 2, (£) BTEH 1 8L05

x10"n/cm? fE5FE) TIE S AEME L THREEREAZRD (F) v IS TIX 100 kGy %A 2 & [FRIZ BB
DEBHH, DT TIREET 2 Z & 2SRRI T X 72,

(1) PDD #i&% ® D& > Y — O RUHRIES O FERERT 78

Pinned-depleted diode (PDD) IZEEEME ZAES 5 Z & T, MisBAEZHPTI &
BHH L E 7 IVIZIRAT 2IEERZIH L, €27 V2B b 0 BRAINERE % 1
X, R SOT B R U CEREIZMA BN T AEEDS DR Ny I N1 T A%
R) 2MZ 5DV D 5, FEEENEOETZFES 5 2 & THRAREGIC X 2SI E
HETE B HENES H 5, OCo v MRG0 F A 2 M L. WEREINOFN % 8- 72,
W EFRIL NV 7 SR, S-BRLIEARE b T v TOEA. BT O ~ Ty TEANC & D BN
T, IS DHFEEDHEFHES 5 FEEEMN Uz, 28O b Ty TEA % R G
T 57012, HOAABRE (BOX) 27— MgfbfEE 92 FET 227 2Lt ¥ —[F-—
R, AR Uz, K22 108K 512, BUETDAA >~ 7 f# (sub-threshold
swing)S Dz & & 1 IZIAS L7z PDD ¥ 27 2 VESERIZEBAT 5, K& b, SIEFHm s 7 v
TEMIE VBT EH300CETOT ==V I TnIhs R OMEE CTHIET S, —
Ji. 100 kGy AT DA v < ARIEE R Tld S OiE L & $ IS X 2 IEER MM T 2 2%
INEBR D0V~ EHN B L OB F B TR N 7y TS ORESKRD . Rk T
FRIBH TIE NIV 7 BIGORENEE TH 5,

(2) KEK AR-TBIZHW% b T v i —F¥

SOl 2 vt v —DkE L UTENESREE LW EEAATRETH D 2 L BT
55, KEK X AR-PF &8V >V 712Kk D5 GeV DBEFEY—LEZHWZE—LT1 V%
BT, ZHIIHSRIIZIE R 1Y DESY #HEATD 7 1 VICIEls 58T A ME—4 T
1y ehb, ZOTRNVF—HEOETFIZZ — 0 VS ERILOFEL2ZI1TP T, SOI Y
e NERHWSEZETRE—LTA VO ERKBRIETEE NIy h—DFEHTE 5,
INTPIX4ANA (Z 17um D27 2V P 1 X% & DJE X 300 pm OFEL B SOI & > —Tdh 5,
Iz 32 mmEfEIC 5 ARELZ NIy h—28fEL, HALKD ELPH ® 200~820 MeV /c
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DFEFE—L2HAWT NIy I —MEREZFHMIT L7z, 231X —LF 1 VITFEE L 72RRT
Th 5,

[X] 23: #Ib Kk ELPH € — A5 1 VIZ#&E L7 SOL b I v —, £y F— (kL 9x14 mm?) % Fi#k L 7= K —
ReF—RIER— F&2 7V I (20x40 cm?®) IZEZE L. MY A —H SOl £ ¥ —%&HT 6 Mz EwET
BliE L CTW5,

ENTALEREIIE 7 2L XOWUNE . BWES /4 X (SN ) B X OINERE
HPEBDYE 7 VRN B Z L TERTE S, M24 /13y MLz RS 5 BRI
WA ZELTIAR—NIZEETNBE 2LV (2 5ARXR—HY A4 X) 2P —N1T A
BIEDOEEE UTR U, 22824 (130 V) KiTld, BZAENENT 2126027 T A
R—H A ZFWIML, X5 & EBGDRL RE-OICmilEY 7 v VADEMINERNH M
DI AR—=HA XIEPAZEE L B, SNA 20V DNA 7 AT 190~240 & gD TEW 728
IZALE D ERENL 5 V~100 V O#IPH CHE K 2 RS e o7z, 72720 2 V TIEREAMUIX
EENNE LB 7201251 U 7,

5D Y —0 1 HEMAERNEHOKTEZ (DUT), Mz RifiEfER s 7y h—& LT
BOPOMEETr Iy -2 DUT by MIBEDEEZJELZE I A, DUT 288 2
-1 OMEE I L BRIV E/NDEEZ R U, ZOAFRNCKBEAEZ - LEE&ED
W OBEEIZ LT 24 £H127R” 7, KIZiZ ELPH TOMIEMIZHNZ TRARTIZ 120 GeV B+
Y— L% HW7ZARROE 0g=1.84 & 0.18 yum Z AT

Ures(p) = 08 + (k/p)Q (1)

DEFIZT7 4y M U72&Z A, k=9.02340.077 um-GeV /c %137z, ELPH TIXZ E#KELIZ
K BMEDNEDREEIC TN TH S, KEK AR-TB O T %)L ¥ —fH8IZ )% > T GEANT4
WCHP Y I a2l — Y aHEHERBMIZR U, 5 GeVEFIZH LT, YIalb—vavid
221 +£0.02 pm 25 A, X (1) 2515 2.68 £ 0.14 um VPRI N5,

DUT %8 2 M- 1 oM EEIZ & 2 FHEEIL. DUT OJFE XA 300 um OHE 12 T
Ho7zh, DUT DEWEETE 1 -2 B2 LK 2 BHERALE S D% & 5 2 & THRELR
DHEMLBRWZ EPHHL 72, 2 mm JEDO TV IFHADHTE T, 820 MeV/c ETIZHT 2
F7% 11.04 4 0.10 pm 1% 11.60 & 0.19 pm & HI X SNz,

_48-



€ F W Beam Test .
7 = 45 o Geantd & sim=9.0um m
v © aof :
'5 E 40: Y
6 F >
(f D 350 v
S 5 Lt =
: © 30— . 8
=, S _F e I
e I
Q C Q
3 = 20 >
=L S .8
% 15 A
2 N D
1 o 8
F 50 o
0 C v v 0y 1 i' | | | | |
0 10 20 30 40 50 60 70 80 90 100 % 1 2 3 4 1 5 1 6
*Vbias [V] Momentum ~ [GeV ]

X 24: () 2 5 AR —H A ZDNA T ABIEMKIENE, 5 BOL Y —I126d B85, (F) DUT 288 2 -1
KTy —CHME LR DUT TOv v MMIEOKAESAOREERA, SEEEEFEE S RELET
DIANF—DBKE UTFliL7z, (B) BHAEDYATLATHMUZTF—RINEL — b

(7] "EBE-RERRTITVOFHERI 2 —FVICL S8

Ra—RFPEY R EEZEBLURTWHEEZRAL, FHEMI 2R TORKBD % K
BRSSO E B THIET 2 Z & T, MG O T2 BT 2 Z L WARETH S (I a—
FAVIIXTTT 4 —1K), WBEEHTFERTHEIELZRET 7Y ofExZHlET 5
Tl EBREEHEIZLT, 2011 FEE LS KEK O 7V — 7 & HLE T g 0 Hifi i Et % s
U TIA OFA THIZE 2 fkE L T &7z, 2017 % £ CIZEBRBEFEMES S OREHDHE
EDTIZ1I~3BEOITRTCOMEEZET LT,

2021 F1Z1% 2 B OBUHKER (B ES TRBIEMAEICIXIZE A ZFK > TOWRWAE
TEBDOFEIZHER L TW5E) BLU3 BFROBIHKER (BIHED TRBIEEMNEIZIXIFE S
AR S TWRW) YPTEP H o HRE 17z,

(8] HARNVZVLEBYVFL—9ERAVEZER—YBRREOMRE

Za—bMY I EZBELVRVW_ER—-ZHE (0vps) OBIHIE, =a—1tY /o33 JF
P, YIEORIFMHICEDL 2 EERMETH S, b LRI NNITBAEDOFEN KYE
TR, WETERINTWSHEEAMMANCHET 2 Z B HKS, £72, 0vpp AR
F=a— MY EER FICIHIT Z720, O E HIE T IE SR T EEERER O
ki CHE—RRED=a— M) VEELHEARETH S, —a— M)/ 2T E _ER—
AR (2uBB) DEMD BG L7 bh, TNEST-DIZIETRIVF —HfiREER & 5 db
Whd D, £, WFEZ 0vps Z2HET S 720121F, KEOEMKE 2 6B $5, PEkz
AW ERZ EBFMLETEN, YU FL—REAWEZY Y TIVRERITKAELDERIZAR]
ThHb, “HEHN—XFEBCa, 97, 10Gd &, +EREEEORE D JH 1% D A CHIH AT #E
Thbd, Fxid, Ce:Gds(Al,Ga)s012 (BLF. GAGG) WS Y v F L — X2 HWT,
160Gd D —HAR— X FEER TR (PIKACHU EE) 23HE L TW5, 10Gd p —E~R—X
FEEHERR TlE, 2001 12T 25914 FTGSO Vv FL—XEHWTITONIZERPINE T
DiEEETH D, —ER—XFEERTIIRBOENEEZHA WD Z L WEETH LD, Z
DEBRTHWS N GSO IZEEF NS 1009Gd D&EIF 100g & DWW Z & TREMNHIRE T
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Wb, XSIZHNEDBEERTMYNZ LA TV T 7By 275 Re LT L GFIEL.
FNZE o TEENHIRINT WS, FxlZZ0 ekl T, BE&Eco 0G4 —&
N—RREREZEEZHELTW5,

(1) & GAGG fEmD Y v F L — X MERELLER

AR TR ET, HILKRZERBEMRIAZTD Cz 2GR U, MBI R 5 Fad
3FEHD GAGGAEHIZ OV T 5 mm DL DEEH L 72, EEBROMMEEZX 25 12/5R7,

e GAGG : #HE DMK

e HR-GAGG : Ga/AlltZZZ T, TXRVX -4z @mO7-HD

e GFAG : Mgz, KEHZELZHD

Zbgﬁﬁzm?m

120 120 140 |50 60 170 180 130

X 25: fih S EBTHWWZ GAGG, HR-GAGG, GFAG O&#Eq, EANSTIv 274 MEBHLTWS,

COZFEOFEFIINUT, ERAF=Z2Z ZAD R669 &S5 TILFTILH Y NEH % HD
PMT & flAEOETHREIE 21T 572, 37Cs D 662 keVry §it % F\ /2 T %L F — 2 fiRAEH]
EB I Cs /2 Am Dy #k [ o ft% B 72 TR 730 BE & F8 7 U 7=,

=
-] -
- .I;al:
B2s0f i
E - -~ HR-GAGG ;_%
Wonol |- GFaG ity
C 5%
150 # ?
Gty {4
Tty gt 3
1005;'@? E'ﬂ’.‘.ﬂgr 3 4
= s 3 =
[ n:';. _'r' i
50 e o G4
B, - i
T kg !
'?3‘ . ' )
P T P o o APEPEPRP PP | "o
foo 450 So0 550 60D 650 700 . 750 800

Energy [keV]

X 26: ZREOFEEIZ Cs ME% BH LD, RBY—ZHEDTRXLEF— AT ML,

ZREOFEFIIH U 137Cs D 662 keV  ft%& IS L 72O T X)L F— AT ML %K 26 12
R’Y, RBY—22HI ARG HEREBT7 4y PUTZ XV F—fEEEE JES -7z,
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E ! E af E 1
3 Alpha TTAN Alpha } i Alpha |
s | - Beta a5 — Beta esl} ~ Bela
s o i (7 '. L ] ! Fid | ]
g B i
ekt L LT “ ai 0y
i i \\ 14
oy GAGG wa HR-GAGG af GFAG
:E \;_ i “\\-\.‘_\ | "..
u-}[ "‘-""-\__“_ -!:Jr ‘-‘H"*--...___ u.'r] ‘\__\.
T Yo et o e s e e~ Vi v ';'"‘lﬁﬂ"'zi"'—':—ii:_iéq?'_'ﬂ""m‘ —
Tirsan fros] Tiemem [ros] Je———
27 ZMOEFB O, TN 7 7RV R, H Y v BBEHRESE TP TV,

Z DFER, FR TR HR-GAGG 28 0=2.5% & b R\ REEZ /R L. £ DIRIZ GAGG
(0=3.0%). GFAG (0=3.4%) X\ JEFIZ/L>7z, BTCs & 2 Am I % ST L 720 5
LU U TR U 2 B0 2 4 27 12R S, KiOMEEIZ L > TR+ 2 DA R E <
B2 oTWB I WD 5, BIEHTRE & 2RO R DG % F W TR 150 B8 % E 2 Iz
AL 7z & 2 A, #EEEORIZHEE X GAGG, GFAG. HR-GAGG DJHTEN T\,

(2) K GFAG 5 % FH N 7 B A6t i 0 2l

6.5 cm ¢ x 14.5 cmL DR E 7 GFAG #f (128 /6) OEKZITV. £ OVEREZ SFil L
2o TDOMEIZKEMEZEL, TZINLDIA ML REHWS, U TERE
OISR EFEREL 72, NEOBSEARMIIc L2 \y 7750V RE2JET 5720, Z
DR AR % I B IR R 12 & 5 1R 1000m D EERZEIZ B W TFEHBOEED DR NMENY 7
TV RERE N CHIE 21772, HALKRFEHL TV RERT) T I2HBHEHES — VR (F
X : # 15cm, #il 5em) PSR ZREL, N 12RO T — X EfS%21T-72 (K28 H).

28: (£) W TIEML 7= KT GFAG fERHICKAM DT 7ar 5 — 72 B WTWE L 25, () wliffi
TEEBREOMS —NVRTTHIZ T =EROKET,

FIRBOMEFIIB VT, TARVF—MEEIL 0=5.7%Q662 keV 2 FEH L, ZIIHAT
HRIED/NZ WY A XD GSO FhfhE FHWZHEBRE IR U TR WA REETH o7z, 72, HiE
NOMTFAMESBRZB LU — IV RAICHRETAZ2IZED, Ny 27T REERTE S
T ERMER Uz, K29 1%k, o<IK (MiE) BXO#M Q) TlronNv 27wy
RHIED T ANF—ART MV TH DB, KO EFEERIZIER, HVHIFEBRTDO AR L
IIFEREE y o ¥ —2 (0K, 28T ete.) DHA T, 2RIy 7759 RLU— AT
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Do TWBIZ NN 5, FHZ28TIHKD v (2615 keV) (ZBILTIX, L EOL—h &
o, ST 1/30 TR S B Z e A3k, 72, IR THUELZTF —& I/l w52/ b
D 7 I RH D SRR R Z SN HHE Uz, 238U B OV 22Th OFERSIZIZ, £
53 Bi-Po D B-a M ENSNFAE L. £ OEIAIEENZ N 164 us, 0.3 us TH 5, HLAEIHY
7 Th RHOEE IR ER DY % 4 29 H1TRT, ZOHEAHERFER O EME 2 E S 5
ZLIZED, ENTNORMPL NV EJELZE Z A, UTOEELE SN,

e VI VRS : 0.4 mBq/kg
e NUTLRS: 40 mBq/kg

& o TAIHE THW= GFAG *’fnaa 1 Th KA DBERH AR K > THERINTED, =
HAR—ZFBEERICHNS 720121, Thef MRS 2 BERH D Z AL, 5
%, ERELRMEZ AF LU, ThEAVWEHEEBERZITo TV FETH S,

)

> =
s r
© - ——i
E  10°L — £
3 F oo §
@ B T T 3
10° = S s
E " , ¢
[ 'h ’ll
Vo ey |
F "y mﬂﬂ‘rﬁmufw‘!‘fﬂ §
10% = i‘f\‘ : o< X } °‘§
g FH . E e e e
_H o7 mzoo:oowowowommmluioo
. NS,

(=]

I I RS RS B B
500 1000 1500 2000 2500 3000
Energy [keV]

X 29: (/&) KBUsEEZFAWEERTESNEZANAY 2259y RF—&, FidHh b, F13H T CHF - = EBRT
»%, () Th %RH D Bi-Po HitfiHER & Hbh 3 W0,

( BEWESR )
1. BIZEARge s WrpafifEIsmrse [ v 7" AR 73 R g D ER FYH 2 O F R ~LHC 12
& B HE 2z Yy G OB~ 1. 2016 - 2020 R, FHHEIAFZE BO1: [k v 7 2k F T8
LEZELHAMNNE ], RS HE IS E 8,190 TH (EEEE 200 T-H, MR
260 T-F) (2021 5, k)

2. FAESE (B) [ BMRERIE 712 & 2 WUKBIERR L 2R 76 & sub-GeV FEISNE BV £
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