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F1E Introduction

KOPIO(BNL E926) 5% [1] 135 M K FEFORPIRE —F K) — 7w OS5I EEZ FEHRE S
LEBRTH L, Z0F— NIFEEMT CP N2 E LB TH Y, HRMRAREMDIEFIT/N
SV W R RO, 2 O G3IRER 111751 % Wolfenstein R TRL /=& D n D 2 F
EBIL, IMEIHTHI D=2 UMERL ka2 VUEAEOES2ROLIENTEL,. Zh
Y Kt o atun OfRE2 ALY LI LT, BHANAREENWNEOE—R DR T K PRIFRO2=
FU=ZAREEKT 5N TE5, ELBHEFTUHNICaA=2 VU=AFLEBKTE, Zh
5 ORERE IR 5 & & TEERBIOREEMRGE, < 5 ICITEEREIZ SR 2 MBI i§ 2 5%
BEA5Z e TE 5,

BRI DTS5 1L K — nOvw OIS (3.1 £1.3) x 1071 [2] LIEHIT/NSfiTcdh b, Z
DI=DBHEETIDE-R DAY N EZERAIL 7-EERTEL, KTeV EERT ERES5.9 x 1077 A%
BOENTHEDHRTHS [3. ZOE-RZHET S LETHLVREBZINY 7757 KDRRET,
RS K — 7070 Koy, 28 ~ 1073) 1ZHCIRREDY 70 ISR D v BT H 5 7= DEREMNIEFICHEL
, ROPDy% vetoTHZ LWEELL L,

KOPIO EEAClE Z DIEFIT/NS WIS o iR BT 5720, KRERF> > 7ubar 2
WCKED K 2RAESY, ZoORELZBNTS. S TEELRLOEINY 77TV RO
£ETH 5. KOPIO EERCIIHRERE L TRITE D veto AV Y X RFEL, 6T A7y
FBFE—LI1CkS K D TOF & AU A—=213k 5 10 — 2y DL FRERIC & 5EE)
HWHy Mk o TNy 77 I REZRREL, S/NH2T40 ARV (BE 7.8x10713) 0
Mz L L Tna,

FRAVBFL TSRS T -7z v #i% veto TH5FELZ BN L T4 FHREZETH
5. ZOWMHER (LATF beam catcher & FES) 135V — b oHffe — AFITEIN L7290, TR
HRRE ML 22, FHEFIIHL CRETH LI 2N ROENS, Y Ialb—Y gy H0VE
WREATS iR, K - a7 060Ny 727590 K&+ #RT 5 - DIl FHITRL
300MeV T 98%DRHEIHLFF>Z L3 KkO SN, —HTHET %2 K OFENS O y R E-
THHL TL £ OHERZ(ESHA 572018, FHEFTHL T 800MeV /¢ T 0.2%LA T DR HZh=H
WCHIA R T IER S BB 5 Tz,

CDEIREMEF LT ROIha s N—=F 7Y =)L & 7z Cerenkov BIMERMEH 25 % £
KOBEUE T 57 A VBRI, Zhidgha s N—F Ty e EFHBEAIOTERSE, £
nNenzyay o)L @ET 54U % Cerenkov A2 BB TE2 LD TH 5. BIFTRO/PE W
TyaY =)V NG L CEVEREL ok T 0 M Cerenkov BIMEZ BA THRNT S5 L I
TE, 2D NS AL 2EE0EFHEFNIFNT 5—7, PHEF»SAEL 5 HERK
HWORIFAIFENL 2 & TRIFDERR4T ). SHIKSHOBRBINZEY 2 —VEE — L4
ETHAC AT AR L 52 TRIANHR TV 4 106 OXAERITIRA 508, FiETo
ARV RIGI & > TERT 5 2 IRKIFORREIZEFNTH 50T, PHEFITHT 2RI



BFT5., ChICE>TISICHETRELE T I LN TE5,

COTFVA Y CRELERTELI L 2HRTLD, TTHEL AT ¥ A7 28YEL, KEK
PSTIE—ULT A CRBT ANEITo. ZORE, ot ZHOWFNAEOWETIX GEANT
PHOWEY I a2V -V avoEReER—HL, FHEFORDVICETFEZHO AR B Y SO
HETCIHENBETCSZEBICEET LNy V77 I VR 2RO TYIal—Y gy —HTL5ENY
MWolz, 61T, ZORMECSEONy VI REFRATLEDICH AV FL—Y gy
DRKREZBEL, CNEDNY I TITT VKRBT AV F U= a ilhk-sTHATESLZ
RPHERL /2. 2O —LF AMT &5 T beam catcher DJRFET A RN TL, ¥YIal—Y gy
KL > TEHETEL™ENESN D Z LD 5 1.

RIS, ¥Iab—Yarz2H0TEROR 2T, EETEITabh A Tof 250 K& &
DEY 2 —)V%& 500 HLALSEEE T 2 2 EBEFTE SN TS, ZDDEEY 2 —)LAMIEIC
EOT R yBRHERIREFOZ L L, BENBRGRT VAL THLIEWEEL LS., 202
EEBERAT, FTHEAIIHFRORG 21TV, BEVES TERARND SBREH—ITHWNF
ReT A LT, 6, EEVa—VEERELEZYIal -V gy TERINTWE TR
HEhR e PR 72 SN AR HERL 2. 2 OFER, B n=1.046 DHEERDOEH
Ty =)V EAVLEETCHRAEOHE\EONEZ LG 5T,

Z Z £ TCOHFET beam catcher DEERWLT VA U SHEEL , T7 0T = )V EE L
RBHZEMDN 50T, BECAT I 7Y = VO EERENEZ FH§ 52 27 L2 BR
Lz, TOYAT LAWY Y I oz yay ) VoNFEEZAIEL, Hhiiffsh 558
REeRTI L BERL I=.

A E OB CER % {727 beam catcher D7 %' A Y ZHEEL, SHICEMOEFEICHT /71
VzNVDEEEEY AT LR T LI e TE . 2T & 5T beam catcher D &I [AV 7=
EFEITITR T T LTI,

Z DX TIE, FT52FET KOPIO EEROMEL kX, 5 3 FE T beam catcher I T 5K L
FNEHLTRADa T N2 BET L, FABETCT IO NI AT 2O cE—LT ANTD
FNEE NN OV RICOHEIERELZ BN, BFETCY Il —Y g » % HW/: beam catcher DER
e T 5. EOETIIERECAT 7Y = )LOWRFEETH S 27 b ZollEREE
BT 5., RIS, BTETCERFROE L O L SEROREII OV TIBRS,



¥F2E KOPIOZEE

KOPIO EERIZT XU AERET )V v 7T VB8R (BNL) TTFE SN TS K FREF O HE
E—N K) = v o3I ERET 5EBRTH LS. 2 0F— NITERHAEEDIEFEIT/ NS
=& /NS RS 2 RSB CARGE T & 508, FRRBICR Y TREZR K108 o0 L RN 0 FBR 2 L T
FIEEICHL W, AETIIET K? — 1%vp oL FEISERN, RI K? — 10vp EEROBK
%, BB KOPIO EBATD K9 - nlvp o a7 b & SHOBEIC DN TR S,

2.1 K} — 7%vp 0
2.1.1 &8

BARROMHMEOWIN & ZDOKRKE S LWE 2 LITREORKN TYWEFLOFERT —<D—2>TH
%. Quark ¥ 7 % —® CP MFMEDOHNIE K FEFD KO — KOIREICBOTHRIE ST TLBE, K
FREFR B T OBREZEL (SN TE 2. BIEOZHEFARITIE CP (I #MEOBIE quark
OHARRE A % £ 9 Cabbibo-/MA-18)1] (CKM) 1THOREFISER T 5 2 ZXA 6 TEY, H
B CP AFMEDOBENICHYS T 5 2 OHTR/NT A—F 2 ET 5RAALM K FRIF, BHREFZ
NEZNTIThbhTn5,

K? — 7% 13 flavor changing neutral current (FCNC) %@ U CEEEMIC CP X% 1 5385
THY, FoOHEHITZ CKM T 0EZERFICEERRT S, co@REcEeRsnliF2.11C
TREN LR AS=1 DEHIETH Y, KO-KO mixing 12 & 5 AS=2 DIFEHERS DE 5% AS=1
DR &V b 2HAEL NS [4] [5], T DE — R OJIEILEEA CP IHRIHEREDOHR:
fE#H% 52 %, & 61T hadronic Z24THIESR (n](3d)y _A|K) IZ X {HSNTHE I VT b HEE
K+ — netv, O175I%ESR (r|(5u)y_a|KT) & isospin MFFCTH Y, EHEZELEM &5 isospin D
Wb E<AMONTHEOTIFEHICAHS Z D TE S [6]. 2 Ol DEUERANI B 5 K9 — v
RO O T EIFHEBIAREEDIEFITNS L, Z0F—N 280 CEEHER L RBHEIREE
TLZELWTES,

K9 — nOup 55 bt BERER 2 BRER FT B SUHR 7] 1S & > T2 S, Next to Leading Order @
QCD #iE [8], EFHENEH OEIRE (~ O(GZml)) OFIE (~$%) 9], BEBENIC & 255 (~0.
%) [10], K° — KO iRENC & ZIFEBHOEE (~ H%) [5], CP 2RET 5B8R0HE (1 4 H#7
INEWY) [11] 2L OBEDHE SN T X 7= FEMAIESMHIED FEEICHT % impact). Zh 5 O
EFWThb/hsnbothh, FERELISRELSNTWEE®, K - v HIEtLo B
HIREMEIBAIRE L IEWITN SR b D L R 5T D,
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2.1: K = v ORARIRD 7 7 4 < VA,

2.1.2 K? — n%vp I8
K? — i & — RIS T LR DOEIN IV N =7 Vi u, c quark IS K 5 FF 5V ERTE 5
ZEenb,

G « . ) i
o, 2 VaVuX @) Gy a@m)yv-a+the 1)

W l=e,v,T

Hepr =

DEDITKRENDS, T ZT V13 CKMATHIERT, X(z;) 3 top mass BT 58

T 2+ 3x—6 o
X = — — 1 = — 2.2
() 8[ 1—:C+(1—a:)2 e my, (22)
TH5.
K9 - m%up 3 K+ — 7%y, & isospin WHNCH 5 Z L6 K9 — nOvp FREO ST,
- B(K* — 7wl tu,) 302 9
0 0 _ € *

B(K} — nvr) = Vil TSmO, [Im(ViiVia) X (z4)] (2.3)
= 1.8 x 10792 A" X?(x) (2.4)

LRIN S (MHIEHITER). 27T A, nid CKM475% Wolfenstein Z/nCRL 722 ED/)NT A—
FTCH5LH, T2 L1 ECRNZMIEZ L, BEEETICHISENTWENRT A-FERAT L L,
MR kL BRI TAMES, B(KY - nlvp) = 3.1+ 1.3) x 10711 2722 %, 2 ZTCoMEET
WEL A CKMATHIDNTG XA —F OREMIC L Z b DT, BRNEFEHIEEEL 2>
W5,

2.1.3 CKM{T3lea=4VU=AF
3 HARD quark IBRE%2 £ T CKM 1THI55\ WM AEMEH o BARRE  EEEARES

d, Vud Vus Vub d
s l=1 Vea Ves Va s (2.5)
4 Via Vis Vi b

7



DITHITRERD T 5. ZDIT8E 3x3 =% U4TH|T 3 DD EExA L 1 DOERNMHD/NT X —
2o, WhWw 5 Wolfenstein s T D742 EKT &,

1—X2/2 A AX3(p —in)
Vorkm = -A 1—)2/2 AN? (2.6)
AN(1—p—in) —AN? 1
L5, 2= YT
VaaVub + VegVen + VigVip = 1 (2.7)

ERIN, Vg VprcleT5L
Vauo + VegVer +Vig =1 (2.8)
b, IThE#EHRVELICHEENICRL 2o 221RT2=F VE2AETH 5.

KOPIO
I 5
. S
A\? Q g
A o
Q K - O

v

AVeb /O

& 2.2: CKMAT8|oa=% UV =AF. K? - 1w E— R ORIBII=AFOE S nIclHlT 5. F
7= KT = ntvw E— R OIRIBEIZ=Z=AFOFLACHEEL, KFRFOATE=AF LK T E 5.

CP X FME %2 1 5 BRI I AAHD convention 12 & & 72 W&
T = Im(Vyus Vo Vi Vi) = Im(ViaVis Vg Vig) =« - - (total 9 patterns) (2.9)

(Jarlskog AZ5E) ICHAMT 5 [12]. Wolfenstein RmD /T A—F Cld J = A2\Sp TH Y, CPxf
OB ORES JiF2=42 V) ZAROHERE (H 5 WIEE SIS T 8RR T 1) ICHHT 5.
K9 — 7Oup o3I HIER (2.3) ISREN D KIS ? Il 2 2 &0, 2 ol toRlEc
&> T CKMATHIOHEHRNT A—F n%k, DF VEENR CPNIMEoho k&S 2mMbz L
MTEDL, 51K = ntup =R o IT 2 =% U ZAEOLLD Vg2 ISR AT 2 0
Tl KY) = rup o Re KT = ntvo ORREEDELZ L TCKHFBTRTOI=F Y =H
MR T 52 M TEL, BRFEFRTHOMNVIC2=F Y ZAFEONRT XA—F 2 RETE 50D
T, KRe BROFRL KT 5 Z & CEEGERIOFEMAARGE, < 5 ICITEVERAI % 82 245
IS HREL{LZ L TE 5.

KT o 7#twvp F— R Tl charm 7 # — 7 OFEVMER T X2 W=D BB HBIL 2008, ZoRRITEER L
REbLOLNTN5,




2.2 K? — i lIFERERDIK

2.1 BTNz & 91T K9 — nOvp OWIEIZIEFEI/N SR BRI ENE T CKM 173 0 HER T %
PETE B0, PEEMICIERIBNNGERTH S, LLents, EHERAITC BR=3x 101!
WO IEREICRR IR TH 5 Z & &, KRR - RE L b ek ¢, FOIRRE O AT BRI RTRE R KL
FR O LDEEL RN 225, FBRE L UIERBICHEL Wb 5T 5,

K9 - 700 =R OERBIFENREL L HICK 23 DL OBRFKBEL TE 05, BEEFTHOL IS
K) -5 v E—R 2 HKUVBE L CHIEL 72 013K O EEIC Dalitz B3 (1° — ete ) 2 H
Wz KTeV EERTH VY, Hltbo ERRE 5.9 x 1077 23MES N T 548 [3], FEUEREAI O FHRIECIE
RIZANPE L BT,

1
-1E
10
0% ° L.Littenberg
3
0 E731
10 F
0% e E79
-6F
0 F o KTeVv
10 E
&
10 E
10 b o E39la
10 F SM prediction o
10 F
-12F
10 F O
13
10 F KOPIO
-148
10 E
-15°
10 F
168
10

! ! ! !
1990 1995 2000 2005 2010

2.3: K9 — nOvp SZBROESR R FE L 5B OFTHE. F1LL £ bIT upper limit W FAS>TET
W5HY, KOPIO EERTCHI® TIEEERTOTFTE 28R 5 R EL FFD.

B, £23EE O KD — 700 JEEER L L Tid KOPIO EERO M KEK T#EfF o
E391 B, HiEAICERT D JPARC 50GeV PS % FiW 2 SHE O LB S 5. E391 LEiE KEK
D12 GeV PS VT K? 24mKL, KOPIO & FRICHKREBORIEER 10 — 2y @ 2y ZHET
%Z L TATH. F72 JPARC THE S TV L EERTIE JPARC TERF D 50 GeV PS % T
KO %ERL, E391 L AROREFEET K? - 70vp £~ RN OFEE%1T 5. KOPIO S8k & Z Dt
DEBROFEEFE21ICTELD 5.

2.3 KOPIO #%Hi88
2.3.1 K!— nvrRHORE

KOPIO MR OBE&H 2 XM 2.4 1R Y. ZOFERTII K] —» nlvwE—FDOREZ “7° D 70 — 2y
AR FERRL , DO HRIEL R0 LW RETITS. T I THL WAL K) ORiEE -
RDOSH UIR 0 2EL 528 THY, ZDEDIINY 77T R ORBRENIEFEICEHEL V»h
DERS>TND, TNEDNy 27T RehbE—ReRyORFEBRHEL THRETSL20,



# 2.1: K? — nvp EBROHE. KOPIO EBR ClIEH) #H cut DD DO RAERY HLICKS
&SR KO, VEEROFHEE — 272 8 1R 5. KOPIO LA D /N T X — Z I3 3THK [13] 1<
5.

KTeV-99 KEK-E391A KOPIO JPARC
e — LT p)LF — 800 GeV 12 GeV 24 GeV 50 GeV
s YAAY 7 1x 103 2 x 102 5x 10%3 2 x 101
B L AR 4.8 mr 4° 45° 10°
| 78 0.22x0.22 mr? 4 mr® 5 mrx 100 mr 2.6 mr?
NARA 0.05 pstr 12.6 pstr 500 pstr 5.5 pstr
K{ o5EE)E 70 GeV/c 2 GeV/c 0.7 GeV/c 2 GeV/c
FRSRAEEK 38 m 2.7 m 3.5 m 2.7 m
FrEER 2.1 % 4.3 % 16 % 4.3 %
KY/1 XA 2.3 x 107 1.5 x 10° 1.2 x 108 1.1 x 10°
¥ KD Rtk — b 6x10°Hz 26x10°Hz 5.3 x105Hz 1.4 x 107 Hz
VAL 5% 8 % 1.6 % 16 %
TR RE B [ 6 x 10° sec 1 x 107 sec 3 x 107 sec 3 x 107 sec
K 5 nlup ANV NRE | 1.1 x1078 1x 10710 7.8 x1071  3.0x107
ARV N3 x 1071Y) — — 40 events 1000 events
TUELE 1997-1999 2004 2009 —

KOPIO SR C I3 R 5e 2 D veto BMHERZHE T 5. LAL K) - n'n° E—F (Kar,
EEEE ~ 9.3 x 1074) 13HIREAS 70 DR TH 5728 yveto 72T THERRT % DIFIEFEICEEL <, veto
BRHIERD A CHEBRT SICIFIFRERR v IRV BEEL 2> TL £ ).

T Z € KOPIO EERCIIHMIRBIT N L CEE AR FIRE AV 4. SUOREENEZ Fro 1B Fv —
L% HWT K? 0iEE)&E % Time of Flight (TOF) EIC &> THREL, 70 — 2y D 2y DAE, B
B, TRUF—%E, ISIKFEBROE -2 k> THRESEZRET 22 &€ K #IiERT
0 DEFEE TR (HSVITTRMZF-> ) BRI 5 Z 28 CE 5. ZoERE AV, LTI
BRLE % Ty heMF 52 2T KY - o070 ZZhRMICER Y R 2 e BT E 5.

K) 5006 m 2y 2 ) X=F TCHRIETE0IF 120" o0 200y X—%
THRHT 558 (“even pairing”) & 22D 10 6 12T >0 ¢ 2T 554 (“odd pairing”)
I 55, Even paring Tld K #iER Tl o= 3 0¥ — E% NEGTHLZ NG, TD
IRNVX —fHEkE Yy N T52 e TRMYERL 223 TE 5 (K2.5208). £/ odd pairing IS XL
TE 22Dy EBEREN L ERE m,, VW’ OEBTHLI L2 EFTHI L THMYRIZ L
WTEL (M2.6BM). 51T, M2TIORTEIICE, & K)EIERTD 200 y o 3L
¥—Z|E;, — B, | OBIRE A5 & K ORPRINC K] — 170 ZERT S 2 et TE 5.

ZD &7 K HRDOY DITHIA T beam interaction S K5 Ny 770 RYEEL 22D 5 5.
BlAIE e — Lh oI N AL KIGL TAREEZEY, DA - n ' REDORIGT
nO ZERRL TL £95. ZhxP< 720 BT 1077 Torr OEEZEI 5N RT TR S 80,
2.8 1< KOPIO EBR B O 2R A RT. ¥ —7 v h25 9.5 m FHRIC 1077 Torr DEEZEC
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|

X 2.4: KOPIO #2880, 25 MHz, 18 200 psec DGR R E 2 ot — o2 700
50D 2y HRT HREIC L > C KY OFYTRR 255 Z 22V & 5. The A OHERL &
BAOETCK) OEHELZRET S, £/, 2y OFE L FRAOWPE L FEBROE — LI k> T 7l
DEEX FHERTHZ M TE L, 20 k5 EBHZHHIRE v % &SI KOPIO EERORHEM
H5.

I T I
100 150 200 250 300
E . (MeV)

2.5: KO IERTO 70 TX)VF — AT My (E%). K? — 7970 B3 even pairing ® B
R Z RS I TN I IOV REFRLTI LN TED,
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o 166 206 306 200 200
M,, (MeV /c?)

2.6: 2y SR I Nz 70 DEE (myy). KDY — 7070 BiED odd pairing |358EHIR 27 k
Nel2blz®, moBBEIEL TNy I T IV REFRTZ LN TED,

300 300
280 280
E B N fosoacanonnonsn a0
N Lie R B e o BooOoOooooooOoaoOn
260 o u 260 ANooO00000000S0000
0O00000000008001000000006 @ e0EEo - Hle8005805050050 90
O 0o D o0000EecOga - EO00Dooo00]oog6000080
0000000000060 0000000000en00ge: = - [B0o00od00000000000000000000
240 EEEE 240 HoOoo o Ooogon o
R e R RS- oocral fio=080050000008000600 : 0008 6
r - - 4ol0f0e [HooooOodoooO00rOe00O060G @
«op0000 - - = choogaosocno
220 & oo
ooofooe - atooooe :
. s op0oea0n aoe
200 ---:(ClDDD oeOOo ooe
L ooop0pnenenn o
leOoOso=00000 o0
180
oo oOoooOoQo
looo-pooenseOpos -
looae oooge
160 8o
looonooo=anes
boosoooope
L osogooo: r
140 [BEOD L
poo- 140
120 b SN I ARPRIIN RIRN B
0 25 50 75 100 125 150 175 200 225 0 50 100 150 200 250
Epi(CM) vs. abs(Eg1(CM) ~Eq2(CM)) Epi(CM) vs. abs(Eg1(CM) ~Eq2(CM))

2.7: EXo vs |EX — E5 | 05, MK = 1970 TEMN K) = nllo20Tob o, ERT
BENLEDES 7 FNVERTH Y, Ko OFLGEMFLIE LTI LTSS,
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7 2.2: KOPIO B CHI/H SN LY T TN /Ny 270 K ZDONER. KFITRY K& HF
E%425E-N&RT. Nu 2790 RORAORERE K —» 972 E—-RNThH 252 20390 5.

‘ Source Mode ‘ Events ‘
Signal K} — nvi 41
Background (total) 18.9

K FasE
K FR¥E (v) wO0, mOn0n0 70y 12.8
Kg = atax0 0.65
K?) — vy 0.02
K B¥E (charge) n~etv, rte v, ntvTy, nta— 0.02
K9 HiE (3,charge) w etTvy (n51Fvy), 78lFun®, ntn—y 4.4
KV Lo FatE A= 7 K- 5770, 2t 5 2% 0.01
Beam interaction n — w0 0.2
Accidental n, K9, v 0.8

Iz 4 m OFREFEENH V2, ZZTo K ELBHIT 5. ZEHT S K OEEEHPAT 0.4
-1.3 GeV/cTH S, 70 — 2y BN S D 2 DD v IFHAEMEK D endcap IC BN 7z preradiator
WKk > TE, AE, B4l%, calorimeter IS L > TZRXNVFX —2WEINS, yONE, AFE, T
INVE —DIEIRT 70 ORIEL TR T 5 2 L TE, BAEHRT KY © TOF DAk v 72T
T, KOOBHELMLZ LN TESL, Ny 7759 NOREDDIT, FREMEEIT barrel veto
I S veto RHIBE CTEDON, S5 —LR— )Lz v % veto T4 728, E— LT
IC beam catcher & FHIIN % yveto B EFVSEDPNS.

S DFMEIC & > T KOPIO EBAClE K? — 79w E— R % S/N 2 THI40 A X NS %
TeEBHRLTBY, HATHD TCIOE-RTARV M RRENEFH O Z L b, Hiffsh
BARVINKENy 2 TS5 ROEFELR22ICTELD 5,

AR, Z OFEBREZHERT 5 &M OV CHEBRBHIAEZIT ).

2.3.2 Beam

LIRBGFE — NI BNL D AGSBEF> > Z7abaryns o 24 GeV/e % V5. AGS fniEss
BBy r7abhar e L TEEICAKEETH Y, KOPIO O & I 2 MEERRIC & > THER
RKEDOHFE — L2 T 5. ZDBFE — LI RF CE 200 ps, 25 MHz & W9 S BeEREE
(microbunch) Z /=¥, BE—LRAENVDH A I V7 THRITHNRTz K? @ TOF O~ U %0 5.
COBFE —LEF =1y MIYUT, FESEE2RE — 05 MEN T2 RBIC L - CHRT
5T TCKYEGAEHEE - LB ERT S, K D TOF 2 AHICT 5 OIILEBEAVNS W
FWEODT, ¥—F v 60 HLIE45° OAETITY. ZhiCk-> CEBBEHHOE —
708 ~650 MeV/c &725 & D2 lRAERD KO v — L2 BT 5 (N2.9BM8). £/, KAE
Y MUK K 0RICKHL CHhEFOBEN DR R WO RELERET 5.

R A m D O b, WIEICHEAT 5013 3.5 m OHETH 5.
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e H 7 ¥ e mx om0
Rix » ‘* wWreE
r | a00), WSt
¥ uoYyDLIET oo
SJJA 7 | —imoptpy soppyppisnd
wapg
woag ayy [ 2215 —
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wIpse
()
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/%

A v

wg g E:;f:% %%%
"

I EE% %E
Layaypy wmag A\
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gy
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WAGEEES
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ZiEM N 5 preradiator & calorimeter,

BAEE O T Y K vy 7

A
HRIEGRE % 78 O Y61/ %R veto, B — LA FHRICED I 5 beam catcher 2 0 SR SN 5.

2.8: KOPIO #2880 2AK].
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Incident K mamentum
16000

14000 RMS 371.7

12000 }
10000 }
8000 }
6000 }
4000 }

2000

O PO P S I P P IR B B s BV
0
0 250 500 750 1000 1250 1500 1750 2000 2250 2500

2.9: BREMEBKERTC O K) EBE AR, Bl o BAIE MeV/e. KAERY HLIC X >T 650
MeV/c ¥ — 7 & o rKEE &0 K? B Eoh 5.

FRE—LOPARTAY A=FITL>TREY, 77T F 2 AERFERL DO RBEEONEF
HICHIPRZ A 5 7= OISR E 28> T b, EREDOY A X135 mrad (SRE ) x 100 mrad
(OKEFH M) = 500 usrad TH 5.

2.3.3 Preradiator

Preradiator |3 AREEREEL D endcap ICENPN S v RHEET, 70 — 2y fiENS 0 2y OAE, (i,
RAl %2 WET 5 ONENOBRERTH L., F T yMOAELIET S Lid 70 — 2y fiEL H
WS 5 L CEBELLR L, yHUIHER Yy — ete” OBFHEETFRNEEHIT L2 & THREIEN S
P, ZEI - EUCE > TERY ¥ 7 —RF¥D ete 1ZHHID v D HAfEHRZ fREFT X0,
Z D7z & preradiator |$BATE FAOHEHELY 2X, & L TRYIOEEID conversion DEF- - B5E
FREZRET 5.

Preradiator 13X 2.10 D IR T L DICE — LR —)VZ T4 29D 2.5 m x 2.5 m quadrant <
SPNTEY, & quadrant L 8§ DDEY o — V& BRICERZIEKEZL Tnb, EEV 2a—)LD
1BIIR2.10 DED £S5 DT, 0.1 mmED Cua s N—4%, ete” OFAEBER HET
5 7-% @ drift chamber, N YN —ICHEHINE 8 mm EDT T AF v I F U —FN0670 5.
Preradiator 2k & L THIRF SN 2 MRELZ K 231CFE L D 5.

2.3.4 Calorimeter

KOPIO @ « #F111 Y X — %13 preradiator DL FITENI, + RO T RI)F — L BRI ZHET 5
ODVERWTHS., Z0HTY A—=ZF+RRHFREFRFDZ & Ty O T2 )VF — 2 RFEITHIE
ThHZeMWROEND, —F, AU A—FDEHIT 5 Dl preradiator TRAERKL 7= 2 IREARED
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/ Extruded Scintillator

C r plate —_
opper plate —__—
Anode wire —_|=
Cathode strips — ||| 1mm dia. WLS fiber
r. : in groove
Extruded Al [~
chamber backbone . i

—~ 14mm =

2.10: 7 : Preradiator l3¥ — AR —)VE Y BT & 51T 4 DDES (quadrant) IZH5N T 5.
FRORHFEDOIRDBE — Lk —)V, 45 : Preradiatorl BOMIEK. $= > /N— 4 drift chamber,
TIAF 9 I F V=T BOREMREERT, SN2 EHEERLET v oM, &, AE
ZHET 5.

% 2.3: Preradiator ®/3T X —# L HARF S 6.

Quadrant D% A4 X |25 m x 25 m x 1.1 m
(drift chamber) (9 2.0m x 2.0 m )
Beam hole ¥ £ X 176 cm x 22 cm
& (Z &5 1m) 2.2 X,

v %% conversion FER 0.7

4 o fiee 25 mrad

R85 fRHE 0.45 cm

timing 5 f#HE 0.2 nsec
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%% 2.4: Shashlyk H1 ) X—Z DENT A—& L S h 5 MR,

A REGEEK (total) 528 x 528 cm?

1 module O W& 110 x 110 mm?
granularity 48 x 48 modules
Beam hole ¥ A X 176 x 22 cm?

LV A —%{ (Pb-Scinti) 300

ESI IR 15.0 X,

T RIVF — 5 fiRRe 3~35% /VE(GeV)
FRe e 9 R HE 100 ps /\/E(GeV)

KT CH L8, granularity 1IH LBEDOYH OTHIUL LV, T DER% /= 972 % Shashlyk ¥
AT DBV B 5N TS5,

Shashlyk A Y A= DF P A VIR 21IIRTEIRBDTH S, 211 0.25 mm EDgh=
Y N—% Y 1.5 mm E®D polystyrene > > F L —FZ DY K £ v FHEEL, ThoDBRELHH
L HOWRZER 7 7 4 /N — (wavelength shifting fiber, WLS fiber), ZDJEIIfHT & 7= Y6kt
%8 (PMT £7:13 APD) 2572 5.

Preradiator THKL =BT - BBEFH, HEWVIT yRRE, A NN—F U F LU —FDELM
EBY@@TsZ L CERY » V-2 RESERVDSIXINF %K), Kbhizzx V¥ —D—
Iy v F U= DN, ZhEk WLS 77 AN—%@L (HRAETI e THRY XA—F T
Kol XX —2HLZ LN TE 5L,

AN RA—=F LKL TONRT A= LS N LML R 24I1ICEL D 5,

WLS fiber

[ 2.11: “Shashlyk” ¥ A 7 OHBY X—%, $AALN=F LV F L =2 DH VR £ v FHET,
ZThoDBEEL XIICHEAML HDO WLS 77 AN—0E5.

2.3.5 Charged Particle Veto

Tar BRI T veto BB KO — nhn 70 (Krs), K = etr vy (Kesy), KY — etnv (Ke3) ¥
DE—R CER SN BLHERT% veto TH-ODBHEEBETH S, 22T, Kgld 0 — 2y filE
MED 22D YITE ST, Ky, SBEEFDHEHFLXER T T 5 v LHRRBITEET 5 v
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7% 2.5: (BN T veto MHIBRD /N T X — & L HiFF & N 5 KA BRI 2 Rk, Kb P i3
= OEE)E (MeV/c).

7 A2 M (barrel) 12 (¢ 1)

7 A M (endcap) 2 x 2

Yt (MIP, 1.5 mmt) 10 pe

Y& (MIP, 5.0 mmt) 60 pe

et R 0.05/E,+ (MeV)

e~ Rk 1074

T R 10-°

m~ Rk 1.5 x (107* + 1072 /max(200, P;))

D22DYIKE>TKY) 5t iCHT 2Ny I 759 N eV B5. £z, o 3ERHK
& (n7p = 1) Ik > T 2AENKT 5720 K3 E— R b K = 7up iITHTH N 2750
K& 55,

Z ORHBHIE DT BRFRAIRISKRD 5N 508, 7~ & e TN ENRFRRUG (A(r—, 2n) A*),
KB (eTe™ — 2y) 2R V155 7= DI FEMICRESIRMET T 5.

D &I RBIFATH L CORESIREF- 5720, FIERF veto BHEHIN 2.121TRT & D1
1.5 mm EQBENS U F L —F 2L 5 mm BEOHBKMNENS VF L —2 1@r6R5E, 20k
IKHENY Y FU—F 2B BN VF LI EHEELZ 2 Tr et ITHL TOREZ R X
TR 5T 5 [14]. Z ORRHIEHI BRI O AP % barrel #f% & endcap BRI E N, T
LY v F L —ZITH® Z /- WLS fiber Z# L T hybrid photo diodes (HPD) IZ & - T47d
ns,

T BRI T veto DT XA—F LI Ih S MRELZ R 2512 0 5.

moderate vacuum

high vacuum
[N
—— vacuum chamber ﬂ\ feedthroughs electric
— vacuum window pumping
_.._. straw tubes (option) cooling

scintillator

X 2.12: fafEER/F veto FRHIBS O, FFEMEERZE D LOIKERESNES 1.5 mm oYy FL —
FOBEYEIEFmMmOYVYFV—F 1 ENLRA.
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% 2.6: Barrel photon veto D37 XA — % kS 5 MEHE.

moES 0.5 mm x 308 + 1.0 mm x 76 /&
VUFUV—FEZ Tmm x 106 &

5= 18X,

JeF AR 1.5 x 107*

70 Rt ~ 1078

T RIVX — 5 fiREE 5.0 % //E(GeV)

(VAT oy i 3-4 ¢cm

FRe ] 57 ffe AE 60 ps /\/E(GeV)

2.3.6 Barrel Photon Veto

Barrel photon veto BRHIZHE K — 7970 R DNy I 7570 R 272 5E — R 5 ORI 4%
RHBRT 10 ORISR TH S, I ORI FIREEZ barrel RITE, +HRBHRICELS
By SR (>0.9998) &, EEIEM cut DD DB SBEOTXNVY —, (B, RS REE

WRDHN 5,

EZEZONTHWLETHA VIR 213IRT LR L DT, 0.5-1 mm EDOHRIL N—=F L 7 mm E
DT FGAF 9 I FUV—FDYF YR Ay F 2100 EER L Z & T 18X, DHFHREZF>. Ftk
HUIEY Y F LU —FITBD 2 FN/- WLS 77 A N—%3@L T PMT 47 9. Granularity /IR
FEMSEENTEBY, FI30BIIMDEESE 0.5 mm £ T52 8 CZRLVE—, [E, RESHR
BE% = T\ %, Barrel photon veto ICHIFfF S A HREL R 26I1ICF L D 5,

2.13: Barrel photon veto BRH88. $RAN—F T IGAF v IV F LU —F DYV K A v FHE

EeloTn 5.
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2.3.7 Beam Catcher

Beam catcher |3& — LR — VAN 7z v fREHERT 2720 D v #i veto BRHIZR CH S, T DR
HERIE LY — b ode —LFhICEPN 5720, PHEFISHL TRETH 5 Z L IERICEE Y
72 4. Beam catcher IZ DWW UIIRELARRE TR 5.

2.3.8 Magnet veto

Magnet veto #RHISHI E — LR — )Lk 12 BRI F % veto T 50 DI TH S, Y
A—=F D TFROE — LI magnet ZECEL , L — LEED S WEKF2ERY HL T F L —
Ik > THRIETT 5.

2.4 KOPIO £BRORZE

2.141TRTDIFZ KOPIO 2 IR — ¥ 3 VI K SRHEEEBROMHTH 5. <A /any T
F¥ — A3 BNLCKE]) /TRIUMF (A7 %), preradiator {& TRIUMF, 1wV X—%3 YALECK
[), barrel photon veto ! INR(H/7), charged particle vetold ZURICH(A A R) T ZhiH
N9 5. FEVKE, REEE KR, KEK2» 672532 HAY )V —71% beam catcher & preradiator
DRMDE — LS A FIEPN S FERIF veto g% FITHY T 5.

GROFIETIE, 2005 FENOE— LT A VERERINAFOEELBIIAL, 2008 FEITITE — L
TA TRl TRIEERDO A Y A=V %2175, ZL T2009 FEICIFZT V=T V750 2fE
T, YEI o7 - INEEZ BIEL T 5.
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EXITING
NEUTRAL BEAM PROFILE

IN-BEAM AEROGEL
CERENKOW GAMMA VETO

UBCITRIUMF
BNL PRERADIATOR-CONVERTED
PERUGIA PHOTOM DIRECTION & ENERGY

STONY BROOK
ELECTRONICS IHEPIYALE
TRIGGER & DAQ HIGH RESOLUTION "SHASHLYK"

PHOTON CALORIMETER

DOWNSTREAM VETO
IN VACUUM TANK
VIRGINIA TECH

SWEEPING MAGNET

HIGH EFFICIENCY

BARREL PHOTON
VETO
WMICROBUNCHED K, BEAM INR
(WAITH NEUTRONS) THIM WALLED
BNL HIGH WACLILUM VESSEL
UBCITRIUMF IN DECAY REGION
CHARGED PARTICLE veTn STONY BROOK | YALE
IN WACLIUM
ZURICH

2.14: KOPIO ! #§BHF 0 & A 7ep¥RaIC & 5 4041,

21



#£3E Beam Catcher

Beam catcher |3& — LR — V% y #EZBRET 522 T KY 5 a0 oy 775y
YRZ2HRT 2 2 LA HHNORHERTH 5. Z ORHSHIFEERON 15 m FRICE» N, &TF
MCOE =LY A X%E D -0ITE S 20 cmx T8 4m DK E S ZFFD>. Beam catcher D BAF
TEL VoL, ZoRESEVIEEICELY —Fofle —LofICEPNLETH L. ZDDIC
b HRER VT RESREHERFL oo, PHETICHL QIIFEITEORKEC L &0 Rd il
5720,

ZOEFEREL TR, BaFxTTaY =)L % A7z Cerenkov BERIR 252 ZH O EELE T 5
THA L BEZ TS, ZOFETIEET beam catcher [ISHT SR A REREZ BN, IRWTIhE
3729 beam catcher 7Y% A > DEAMZL T MTOWTCEHHAT 5.

3.1 Beam Catcher [CXT B EK

3.1.1 Geometrical Acceptance

Beam catcher 13 % —%" v b 5% 27 m, AREEFEEL D .00 5 T 15 m FIRICE»N 5D T 1,
ZDORETOE — LMEEEZBDRT IR SR, B — L% A X 100 mr(KEH ) x5 mr (37
BEHM) THY, cathcer DEAIME (2 = 26 m) TKF £1.5 m x $AE +£66 mm, catcher D HEMAE
(2=35m) CIKFE+2m x $pE £88 mm DT V&7 ¥ » A%k FFORENH 4. Z Z Tl catcher
BRD 2z FROY A X% 875 m & L /2hY, ZThic>nTidgdd 5.

3.1.2 Veto Time Window

KOPIO ZERCIIEENE 0.4 - 1.3 GeV/c D K OEpEL BT 5. Z D7 beam catcher iZZ
5 DRTDORETHEL 5 yMERIBTELENH L. ¥ —7 v MIA 7any FEFE— L0
Yol X AIV IRt =0 L&D, =7 v " P 6EERS v (prompt ) & 1.3 GeV/c,
0.4 GeV/c @ K) DSEREEMEEIC FE T S RRIIEH 3.1 @ & 51272 5. Beam catcher AR L 721
TR S0y #E, RO FELFET S L O REEEORRTE CHREL 72 1.3 GeV/c K2 6
Dy THY, BRLEBVLOIIHREFEBORSETHEL /204 GeV/c KIS0y THE. 20
728 beam catcher 13 3.2 @ & 51T prompt v D 2.2 ns E1 5 24.7 ns DEIIRC > TH5S v W%
veto L 2 HE72 6720, Z o REREIFRE (time window) IC beam catcher 1ZEE T 5 1138
BB T 1.13 - 4.17 GeV/c Db DTH Y, beam catcher [FHFHI 2N & O EEE L K> P HETFIR
LTRETCTHLZ LARkDEND.

Lz 2 CHREEE, S 15 m TRICEN 5 DlE R e (K P T-ORITRRE O ZEIC & > UEROFHT 2R T2
REEERRIC AN RN L DITT 570 TH 5.

22



Beam Catcher

Decay Volume
Target /‘

95m 4m 13.25m
Y t=0ns 31.7ns 45.0ns 89.2ns
K, ons 339ns 482ns 95.5ns
(1.3GeV/c) L>
Yy 91.4ns
Ky ons 50.6ns 71.9ns 142.4ns
(0.8 GeV/c)
@ y 116.1ns

3.1: =0y N5 OEED v #, EBHE 1.3 GeV/c, 0.4 GeV/c ® K? & Zh 6 O FaEIc
&5 yMRENZE N DO FREEMHEEL, beam catcher ~NDELEREZ|. Beam catcher 2* veto TN  fiid

prompt v @ 2.2 ns &0 6 24.7 ns ORICEET 5,

40 ns 40 ns
24.7ns
fromtarget 89.2ns 91.4ns 116.1 ns 131.4ns
fromprompt Ons 2.2ns 26.9 ns 42.2ns
1.13GeV/c 0.87 GeV/c-

neutron momentum 4.17 GeV/c

3.2: Beam catcher 2* veto 974X S RifEREMR (time window). Z DI beam catcher IZHEY

% o @E BB 1.13 GeV/c - 4.17 GeV/c 72 5.
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3.1.3 NFFHRHEzhE

Beam catcher 2 L 22107 UE72 6720 y RO TR NVF — AR 7 MV &K 3.31RT. Zhide —
LAR=ANBNTL B KY — 7070 B3R D 412 2 E TNV & 5 2EE) 2RI v b & catheer LASh
D veto ZMNT -T2 bDTH L. T DM 6 catcher TldEEL L T 300 MeV LA LD odd pairng
vy EZBRHEL 20 NER SR WENDN S, Catcher ITXT 2 N FRHZIROERIE, 300 MeV T
98 %LAL, 400 MeV LALETIE 99 RLALEE 725> TW 5,

Kpi2l-0dd

0% E

b da B0 E‘ i E . E | ]
400 600 800 1000 1200
E,(catcher) (MeV)

X 3.3: #4272y N ORITHKRLE — LR — VD y BRO TR )VE — AT ML,

3.1.4 PHEFFRM

Beam catcher X HEFITH L CTREMEZFOZ LIL2OOBERTEHETH S, 1213 HF%2H
7ot K OFEICHRTEHTFTH LD L IITKRIEL, A X2 MTHL T - T veto 2 )
TL ¥ DM (false veto HER) Z{EKIMA A2 L, &I 12FT TNV — % PMT 2%&EER ] HE
BREBEICHA 52 TH B,

Beam catcher [Z[X] 3.4 D &k 57 AR M EFOHFHEAE — LAFITED?N S, False veto DR
ICHET 2 DI 3.2 D time window IZ A% 1.13 GeV/c 25 4.17 GeV/c DEB)E % Fo M
GEB) T X NVX —T0.53-3.3GeV) TH5. FTCHRERFELTL01L, vHFOL—bE, R
Y 5N MBI ROFENPKRE 25 0.8 GeV LD X NF -2 o FTH Y, PHEFIC
£ % false veto DFERL T E A 572012, FHEFREMEOERIT 0.8 GeV T 0.2 BWAT &
BoTWb,

3.2 Beam Catcher D7 YA a7

BAEITRL 2 & DR FREshRe A F AR OERE /-T2, RAEK35 DL D%
7Y =)l% vz Cerenkov BERMR 2 %2 SO BEBE T 57 VA V2 ERL -, 1ODFE
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46.5 deg

~
S
w

Events/50 MeV

~
S
S

e b e b b
0 200 400 600 800 1000 1200 1400
Energy (MeV)

34: E—LHIEENEHHFDOTRNF - AT ML,

Va—)Ihar N—% (2mmE), Cerenkov BNAEDOT 7Y =)V (5 cmF), #, H£NX7 7 *
v, PMT 2675, yi#IAA U N—FTCEREY vy V%82 L, BEFCHEFLEKT S, &
nNeNTyaYy )V hE @iy s8R 4T 5 Cerenkov Hex 852 %7 7 XV THED, PMT T
BMHETLZTCriReRET 5.

JEATER n OMYE A C D Cerenkov FENHEIT (1 - Eg%g) ICHBIL , Cerenkov threshold By, = = &Y
BEEDKFTIIFAL vy, 2o Z eMSEHFERN 1LIEVT 7Y )bz b Z & THhE
WEWRIF D BD3Cerenkov FEHT 5 L HICTE L, yIORERTHEL % ete IZEETH LD
WL T, FHEFICEAINN B RIS THEL HI7ER T3 R EETH 5720, v DB % ER
NSRRI T 52 2 TE 5,

EBHIRZDEIREY 2a—)VEMIEDHED LI —LHRANC 35 cm DREIFFEE /- 25 Bt
BL, E—LHMICEREY 2 -V Tafy Ty ANENEZ e 2ERT L, 20k 540%M
ERTZET, yRUICKABRY Yy U—ITHIA% favor 546720z FADEY 2 —)VETaA ¥
FUAMENDD, —F, FUFICEEAR Y RISTE 2 IR TS A I RAE T 2720, i
HENZa A T v AMENLHERIIEL 25 (3.6 B5HE). Thic k> THHEFITHL TIHIC
RERETZ LA AREL 2 B,
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top view

se|npow |7 40 07

side view
10N

25 modules

Om 1m 2m 3m 4m 5m 6m 7m 8m 9m

-80 60 -40 -20 0 20

3.5: Beam catcher DR, LIZREY 2 —IVOREF. $h2>N—%, Cerenkov FYefko T
TaY=)v, § £HX77 %), PMT25%5. HIFEY 2 =¥ A X020 cmx20 cm DE5E
DOHHMEORT. ©—LAREENSHEHTH A, 2B AFROEY 2 —)VEREIE 35 ecm & L, Y61
BHRNRE MEIC & 6T —RRICT 5 2 0ICHKIN & B TIZANENIR S LD ITEPN 5.

#
[¢)

©
<
)
=

[[II1]]]
[TITITT]

INHERRRRRNNNN

NENNRERZARERNNNNEEEN
HERRRRERRRAENNNNRRRRE

HENNRRERRSNIONNNNRERE
[[T]]]

X 3.6: % : 300 MeV v UK T H ANV bT 4 ATV A, FORMTREIN 20D y#RT, i
CIRCREN S ONET ELIBET. ©—LHWE favor T5ERE ¥ 71T k> THEFTNCE
Va—VETaA sy Alehsd, F:1GVHFEFICLENARa Y RIGD ARV MT 4 A
TV A BO—mS8EPEANRN B Y 2RT. FHNTH S0MAAICa A>T v A h
LAHEMNMEL 72 5.

26



FTaxz JOM2A7 % B 1ERESEM

BIE Tuh X7z beam catcher DT V' A VDMEEET 5 Z & 2 HERT 5728, F 7z beam catcher R ET
DOBIHFERAT LY I ab—Y a v OEENLHERT 572912, 41X beam catcher D7 1k & A
TEERL, KEK@DPSTIE—ALF A TTF A %4To72. ©—ALF A b o BAECerenkov F
HEOHERL, NN IIHTLIREMEOHRTH L. FIAR By RIGIKHL Iy I a2 —
Yarvi3BSHENTH Y THFEHE T L LEEVEHVOT, "NFaYRIGIKNTEY Ialb—va
Y OETEN L HERT L LITEETH 5.

E— A7 AN TIENT (UEETF) oV 7t 2 IV THRAEOFHEZ 1TV, FHEFORDICHE
FEHNTAR BN T 5RO 21T > /2. ZORER, FHAEII O TUILEORHIER
FeL 0928052 TyIal—yare—¥L, NKa Iy 5 R CIIBELE
TCEZEONY VT IR BRIV Ial—var e kl{—HTL5Z B89, 6T
DFHAL Mo Te Ny 2 TS0V RIIH AV U F U=V a v 2EBRICANSZ L ThLHPATE
B Z MG,
COETITETERADTYEL 7 vk Z AT IO TR, RICE— LT AN TOFNEL NK
O SRR OWERRE, REBICH AV VF L —v a0l 2hilk->THFE2H
WienR ey GHIETOBENLENYy 775V KBHATELZ e 28R 51,

4.1 F7AMEZATOHE

BAVEYEL 270 b ¥ AT EBHALITRT LRV DTH L. FIETRN/HEKRT VA L [k
IZ8AtR, =7 aY =)y, $8%, PMT O SN ED, HFEROMEDLDENT 7 FIVITEH
ShTnb,

g]mavn—4

My o N— Z I BRFCOMETIIHLER O, EELERCKREY 22—V 2mm EDYH DN
BT enTnsd, A RFFTa RN ATEY 2a— ORI IITEDLET10 cmx10 cm &2 5
T35,

7avzv

7Y =)V HERMES BT Y 67z [16] AT ETHE® SP-30 (10 cmx 10 cm x 1.1 cm,
JEFTE n = 1.03) Z sWERTHEAL 2. 7Y 2 )VOYEEER TITL AV —#kELe I —HEL

LZ ot — LT A N OFERIZIR [15] ICFEL BRREN TS, Z ORI TCOEEGENE, REOTHSNy 27
TUVRMPAYV Y F U= a il o TELFHATELETH 5.
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e 1750 |
aio moeaLes <00 440 )
J a0t

Sinch PHT LT "

wroay

a
§  50:100x200
~ o

ALzl BORRLEE

Pb block

Tl

Pb sheet
Beam
aeroge| Parabolic mirror % g
4.1: Beam catcher D7k ¥ 47,
PEBICANSL L

T = Ae=Ct/3" =B/ (4.1)

LRINL, CTTCHINDAFTMKETLEL AV —HELDNT XA—=FTHY, BIIAD1FEC
RETHI—WEDNT A—FTH 5. SP-30 DFEER % BESUWEFTH 046X E 2 MPS-2000
ERHOTHIEL 72K, =7rY =)V 1# (11 mmt) IZ2F,

A = 096

Ct = 0.00094 (pm*) (4.2)

B = 0.041 (pm)

DEIBFERBELNT. TORERITIT I 2L —Y arB2TOBICHERL 7-.

FHF 2835 R SRIMESEC
SE2 22
Yy = E + R (43)
DEIRKTERENS, [, [, \TEEFEETEY 2 — VOO S D Cerenkov FH % £ TH) 40

cm _EHICH S PMT AONPERT L L 2ICENZEN f, =70 mm f, = 140 mm & L 7=, DK
BRIV Y — L PIN 7 # M ¥ A4 — K CHIEL 728ER, L —9— DK 543 nm T 76 % ¢
5)07‘:.

PMT

PMT 3R b =27 28D 5 A > F PMT H6527 (R1250[17) D7 & > 7 )Vin) Z AL 7=,
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4.2 VIalb—Y3VTORE

V3ial—varBFEtEL NNV RcE KR L TWEDERHERT 572018, HEHE, N
Ry KeHEOME T GEANT 2 iz I 2l —3 gy 2470, JHIEERL L 7=, 3=
V=gV CEHLENAT A=FIZUATOL DR bDTH L.

e GEANTS3
CERN 9472V —IXEgEN5EyTHNVBRFRIGY I ab—YgryY—)b. NRay
Ny 5= DIFET )V X — T RSO Y GCALOR Z AL /2.

e Z7UTY )l
ZERIIA (4.1) 1K @3) DNRT A= 2 R/ALLbDOEFERAL /.

o %
FERIIERBICEST /76 %2 L. Z OfEIHEE 543 nm O L —F —THELN-HE
ETH LN, FRL RS ERCEEShEY Y I VOREER (¥ alE) ISkEEENE
ISR S =D T—FEZ DfEZ AL 7-.

e PMT
BEFNRIIEMRN =7 Ak h7a R ERL Iz (RRIKEEEZ & T).

4.3 NE=AE
4.3.1 E—LTFAPTOELYMNTP VT

RNEBHEDDDOZY b7 v T I 42D L2 bDTH 5. FATRRIZIC X DRFHM 07z
DY —LT A ORRRARGA (D3 <7 %y M) ORI TOFL AU v ¥ %, €Y a—)LOFH]
WKTOF2 Ao v 2% EL. SNGIFTIAF 9 IV FU—FDERIT2 AV F O PMT Z2HY
FI7b0TCH5E, £L—LARY NERET S0, EVa—)VORHRIC T 4 H—AT >V
% (Flx/y, F2x/y) Z®&ET 5. ZNH6EBMEI0 mm ES 5 mm DT I AF v 7 F L —HFT,
20%RETLHZLTI0 mmADOE —LARy MEEERL Tnb, SHITOF2 A7 ¥ DOHIIC
at & Kt 0@ EIT7) 00T 7uY = )VCerenkov 717> % (Module0) % &< 2.

4.3.2 RKIFEER

Cerenkov RAEDHEIIE 7+ 2 VS, E—Ltho ot 2BF0 6 XBIT 572012, 2200
v ORYTRRIZER & 5 TOF ik vz, mURREZENNES 25 2.0 GeV/c TH>THHTFD
=278 at O —=ZI3HENC 150 IZEEENTEBY, T0BTL 7t 23 TE 05, 561,
BiAICEMMNZ 7Y = )VCerenkov A7 Db v R EETLHZ L T TOF IBETIEERITE
2 KT ORAZFHWE.

EBRCIIT BN I AT EY 2 =D SA Y A= F WY AL TR AL 2.
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520 cm ; 74cm

[
¥
Y
¥

L | TOFaA.
I otk . Felockd 3 O
- @ ® ;
=% ] LA F2
f |
ToEX ™
TCF IR i
- -
40cm

4.2: Cerenkov BNERED L v b7 v 7 DHEHLX.

4.3.3 BEVa2—IOREME

Cerenkov FHEIE (1 - n+,62) ICEEBId & TR S 2 BRI FRkD gk ERoI1I3 9T
5., CNEWHRT L0 ot OEBEL LA LD METHEREL 7-.

HESINTEFET & OBMHAEFRIIR 43D L DIk o7, ZONETHO pikEHNE R4/
DIT, HEENC 1/82 %, HHHCRIESNIEHEFRE L > ONH44TH L. 22T BIKEMNT
FHREINTZBY L5 TWHED, 4D2DFEY 2 —)VTEHRK 15 WREEDHEDIZILDENRLENS.

|.i""
[ 9

O Wod uled

Mod ule2
Y Woduied
! - [ Mhad wled

os (=N | 1 12 1.4 8 18 2 23
pn mome mam (Ge Val

4.3 7T OEBEHEONETE. TV a2 NIk o THEKTI5 BDREDITS >XNLLNS,

COWWETHONLHEEZY I 2L - arOREHET L, BIREMEDLR overall 22 fHIE
BEENT 52 L CEBRRE — SR L2 T2 (K45 3). REY 2 — )V TORIERE
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e

e . W G0 4 .00
M2:1.0018 4 80023
] A " 300 00022
B M4:1.0071 4 00023
s
? b
w
L] \\\
=,
,
] \‘\ k
'\‘\.
i
oo 1 1m1m|m|1-1-|mq.ﬂ$ln
i

M 4.4: KEFHD 1/62 IKEE. FIROMEE S =70 ) VOJEFFEIRD S0, i 1.031C
EEPFSN TN 5.

IR A1 DR LOTHY, HIEESNEHREITIS I 2L - aryDbDICEE TR 0.89 ZHNT /-
LD ol TORKIIZTaY 2 VEEPMT O AT LN AP ORRICE>TH /-
EENBEEZLNLED, REDYIal —Y gy TIEZ I CELNEHBIERBEZRET T A,

L]
“:; O Data
® ‘q‘ Monte Carlo
8 e
7 N
6
5 L -2}
4 index(MC):1.0310 + 0.0005

1 1.01 1.02 1.03 1.04
'

M 4.5 BV a2a— V1 CHIESNHREBLYIab—Ya otk vIal—Y gy ofERITT
FHIEFR£00.992 22200 THBY, BEKENLED CHIEEL —27T 5.

4.4 BFERWEANAROVEIGOAE
441 E—LTFTAMNTOEYPMT7 v T

ARy FIGHEDE v 87 v T 2B 4.61RT. 2 OWETIETHFREFORVICHFEHNS, £
BEDEY 2 — )V CORIBRLBBOAAL VYTV ADHRE TS 20, M1 ZHIBIC, M2~M4 %
BIREY 2 — VEITED S 35 cm BAICKEL /2. /2, "R oy RIGOHRE 5D 5 - OHIERD
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E 4.1 BEY 2 —IVEDONED over-all 72 fHIFLREL

EY 2 —)b | FHIEFREL
M1 0.992
M2 0.8867
M3 0.8446
M4 0.8457
SE 0.8923

TY 2 =)V (M1) O ERICERE A, €Y 2 -0y /S=5 (2 mm ) & T 20 mm
Bl /.

F1.I .
Iln-:n L:-e-:H-:l Figge |

l Ty
Baam

> . .
-.:.' X

M2

X 4.6: NNy RIGHED Y 87 v,

K300 ot OEE L ERIC TOF X MO 7 v 2T k> TiT- 7.
BEY 2 — VDB FERIL EORANILA T OEREZHAL 7=,

o BY a2 —)VINED SNTAEEL (ngp,) A LD NEFHZRIT S
o M 4.7 Dk 57% T-Q#HIE%L &% T on-timing TH 5 Z &

4.4.2 BFREDROVIaL—Yavinl®

WEFE D v MBS ny, DIEZZNZN 1 pe, 2 pe & L 7255 0BG RO HIEEIX X
48 DL DI 5Tz, 2pe A bDAy NEITEE/ICIEY I a2V —Y a v EHIEMEIT L <—EL
TW5BDY, 1 pelA by b TIEFHC {f_ﬁﬁébgf’& DOFHL Ny 7750V RBEEL T
W5,

IHIT, Z7aY )V L G E OB T 2 MESRIIF49 D L DIy, ZZTHY
Ral =Y arTIREELRWEREDONy 7757V RINEET S, $BFe—L%2EV a—
NOMEREED? S AFHL 25EICOZoNy 7759 RIFEEL, — 5T PMT OXMEICE
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1750 W n
v Y X proton
1700 v Y v proton(not included)
g ; e - Fit Function
1650 | v Event Cut
o W
1800
1550
1500
1450
BN T, 5 o
1400
1350 | ¥
1300
0 200 200 800 1000

ADC

X 4.7: T-Q #1F. ##HT ADC THtiliix TDC @fi. ADC Y7 FIVDREIITE>TEILT S
threshold Z#k % B2 SO CHIEZ TR . 2RO CRENEREZ A IV T DE 5T
ARV M2 L, B=ATRINLEEIIRTIVT VAN BONEAXR N2y ML .

WEBHEZGHRITZONY 775V RIZEA LI EVHERINTL. 26 DEENS, Z0
Ny 2759 RIFEHNR N Ebb0ThbeELX N,
CZDZEMHEZDONy I T T RORREIERICE LY Y FL—2arThHLEER, HAY
VIV =Y a v ORIEERFRETSILICLE. REICIIZONy 2759 RN ERITL LY
VFU—Y g TIRERATESLZ 2R S,

4.5 HAVVFUL—Y 3 VEMREATE
4.5.1 REHE

Tk B AT TCOSEDERNLENY V7T T VKB ERICLEY VF U —Y gy CHIATE SH0
EIADFERT =012, BEFTCOH ATV F LU —Y aryOREERZHIEL /2. HIED-00Y v
A7y 73HALI DL I2bDTHY, 2 Am #IFD 5 D o KiF (~5.5 MeV) ZREH 2 HIH
L, YUF L=y ariNE ETFOPMT C, aff0EB)T 32V ¥—% PIN 74 ¥ A4 —FK
THETAHZ LT, affOBEMATXNVF —BEL) ORNELZ RO, BRITERT A 2T &£
NI ->THBY, NHDOENL 1 K[FEISRN S L DITL 2. ZDOHREITDWTE Appendix T
BT 5,

4.5.2 AFERRLE—LTFANDNY I T S5O VK DA

COEBRTHIEINZZEFTO affORNEIT 1 MeV T RNVFX —1BEY VK 26 HFL k-7,
COEEINT, BETO RN YA T TCOBRFICHNTAIRERIRDOY I 2V —Y 3 v 2fT7- -8R,
X 4.10 DL IHEEE K< —EL 7=, $/2, =70V 2 VNG AICOWTHH4.11 D& D
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E _E § _E 'l =©— Data
810 - 810 - A W
[3) E Q =
E -2 E r
-3 -
10 -
10
-5
0 T n = ‘ ‘
10 ) | ‘ | | ‘ | | ‘ 10 -GE | ‘ | | ‘ | | ‘
1 1.5 2 1 1.5 2
momentum(GeV/c) momentum(GeV/c)

4.8: BBFICHNT 2R, 2 peAbohy b CIHAIEREEL Y I 2V —v g iF L —HL
TW5M 1 pe A LD A v N CIIFRKEHERER CESEDON Yy 7 750 RVBNEET 5.

no aerogel/1pe cut

—©— Data
—A— MC

efficiency
)

-
o

3

10 -

A

10 -

-5

10 -
10 -65 | ‘ | | ‘ | | ‘
1 1.5 2

momentum(GeV/c)

4.9: 7Y 2 VIR WG EDOEFIHNT H2REER. =7 Y = VEL 055 T HENED
Ny 2759 RIFELET 5.
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Sal—Yare k{—HL 7.
Z ?_875\!511 — LT ANTOEREDONY 7757 RIE, ZDIFLAENERICLEY VF
L=y arNThbT IR TET-.

1pe cut 2pe cut

—©— Data
(| &= NC (with scinti)
—A— MC (w/o scinti)

—©— Data
—H=— NMC (with scinti)
—-A— MNC (w/o scinti)

efficiency
)

—
=)
T \HHH‘ T \HHH‘
efficiency
—h
S)

-3
10 -
10
-5
10 = e ‘ | |
10 ) | ‘ | | ‘ | | ‘ 10 -6 | ‘ | | ‘ | | ‘
1 1.5 2 1 1.5 2
momentum(GeV/c) momentum(GeV/c)

4.10: € — L7 AN TCORBHAICKHT LR, HAS UV F L -2 arz280kyIal—vg
VIFHEER Y L —HL Tn5,

4.6 A AATEAWMEEMOF LD

bt a b ¥ AT 2ERL W58, =7 0Y 2 )V-§-PMT O Y 257 LTI ERIAG S
LRERINBEOND Z LD 5 Tz,

B ESHBHBEITOVTUIRNED BIREHIS I a2l —Yar e I—HTHZ 2oy, £
B TE ZHBOHIMETIZIY I 2L —Y 3 > D FHRUHE over-all 27 7 7 Z—2 L T 0.89 %
I -RBEOENBONLZ eSS,

FNR BT EENERTCIE 2 pe A LAy N 2l Z58ITHEEIZS I 2V —V 3
Ve kL —HL, 1peALDONy NOBHBICOERITL LT AL Y F LU -3 a v OMREEZDHZ
LCYIal—vare I —HTEI e 9h o, Zhik->7T, GEANT (GCALOR /Xy
T=VCEBNRBYRIEDY I ab—Y arMBI DOV AT LB UEHTE 52 L DR
.

IhoICkosTZ7ay = )V-85 PMT % fiv /= Cerenkov SR O WA TR CX /- L X 6
hs.
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no aerogel/1pe cut

) ; —o Data

5 10 L = MC (with scinti)
© —A— MC (w/o scinti)
£ f ‘
o

—r
o
[\
HHH‘ T \HHH‘ T TTTTm T T TTTm

-3
10
-4
10 -
-5-
10 =
-6 ; s |
10 T R L
1 1.5 2
momentum(GeV/c)

X 4.11: T7 Y =)V WGEDBHITHTLRHER, ROV HAT U F L -V arz2Ed)
72 3Ial—YaryTChBHTE S,
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L —Y 324k % Beam Catcher

b

S \
ﬂg/u

+

Tuh AT EACERNEL AR O RIGORIENS, T7aY =2 )V45-PMT O AT LI
TE5YIa2l—varIMEHETELLDTHLI RSN, IROFE T IaL—Y gy
PRAL C3ETRNRNZLIDREREMWALTTF A2 BMEMNICRET L2 TH 5, EFER
95 ETCHEERZ 21X, beam catcher ICKT HERZ /L 22b, TX LRV B TEEN
BETHLZ L THS.
Z DETIT beam catcher D BARKHRZEHIOWT, FTEY 2 — VEAKTONFEROFHI OV
T, RICEEY 2 — N2 WRLEBEDRIINT A—F OBRBELICOWTHAL, BAIC catcher AKX
LR Sh BRI DWW TE e D 5.

51 YXalb—Y 3V TCHWEHK
DY Ial—varEHWERELEL T, FHIFRL RWRY AT D & 5 &t/ KE% H
|RYaR
e VIal—vgry—
— GEANT3, "Ry Xy r—Y13 GCALOR % f5H.
o AFHE =L (v, FEFE b)

— Beam catcher BIEIC XL CEEIC AST.
E—AL787 7 ANVIEF vy F v — DY A R —I RS

o 7T )l

— FMEIF GEANT IS LB HERHEH (B — LT A M &> THER).
- PARFEY 2= VDY A X x 50 mm &

— EERITEFER n=1.03, 1.05 IZ OV TIMTETH SP-30 o oihc L A HlEE X
(4.1), R (4.3) Z) 264HL, FBIFE=1.046 1O TUIMT IY-46 D5 & a7 fEi%x
.

— HOBEUIRTHELHELL L TR

o SED G

lz 7oy 2 VCOBEUIL AV —BEWEFHNTHY, I —EELUIFTHANE S DT Z DIRGENE conservative 72 b D
TH5

37



— SREEROET 80 % (HRIREMRL)
¢ PMT

— 54V F PMTIC2WTIIAREGEE 412 cm
— 34V F PMTIIOWTIHRGEE ¢7 cm

— 24 F PMTICOWTIERRER ¢4.5 cm
(ThZNEMA N =2 20 R1250, R1307, R329-02 DA ¥ 17T K 5 ER) M ERE
M. )

— BETHRIERON I T OfEEER (ERIKEEZ &)
o HEDOFHIELREL

L R BINC—E 0.8023 OREFEHNT 3.
(€= LT 2k TOHBDFERY )

5.2 NFRORET
HFEREFRETT S5 ETEBAL Lol
o EHENFNE N
o BN 4 RO AFHIEIC L6 TH—TH LI L
o BEMNEBGTHHI L (CELHRYBIMRNFERTHLI L)

DIFTH L. FHENFNEHIELE PMT TRIETHHEVPEEITRY ) A XREICEEN Ny Y
75V REFBTIENTE, EXFENE—THNL vy MORBENREE T LI 2N TE 5,
FROT VA L THI2HDOE—FY 2 —ILE2UWREZ N6 EERLESHNRS THLZ L
LEETHS.

ZDZ L EZPE AT beam catcher DM R % BT 5729, v #-%Z catcher 1 EY =2 — )LV DFkA
IRALEICHBEL , FAEL 7z Cerenkov Y62 PMT O WEHICELET 2L FN/. & 2 TG
FITy e AGEDIE, avAN—-Var0AELED L) EENRENELBLOTHL. F
7z y MO T3V —13 300 MeV & L 7=,

Ty 2 )VOJRITRIT 1.03 2 HAL L 7208, WL O OREIRTF A 1220 TUE 1.05 @
BEAVRL = 2hizzm7aYy 2 VOREIFTRIC & - T Cerenkov DO AENELT B7-0, Fhic
o ImBENROEANE R LD TH 5.

HENRDEHIT

__ (PMT BRI DA RIS FIEL 720615
(7 8By =)L OEENKT 72 Cerenkov YF4))

YL, fRUCHFEROVA ANY —DRTHRESL LDICL . 2Tl PMT OBFHIRDNE

DRIEREITI AN TR,
YFRE L T

(5.1)
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o F§5

1. s
2. Top-and-bottom ZIFH R

LS

1. Winston cone 7 7 )V
2. Fk7 7 2V

e EVa— )OOV AKX

1. ¥ 30 cm x 30 cm
2. B 40 cm x ME 20 cm

3. &3 20 cm x 1820 cm

PMT & K& &

1. 54> F PMT
2. 342F PMT
3. 24F PMT

DA EENSRLEL Bbh b0 %A 7.

FHEIRY HELPEE L ShE HNCIAWT 727 ¥ > A% KD Top-and-bottom B % 9. £
M D7 7 3 )ViE Winston cone [18] L FHINSTEIRD 7 7 2NV EERKL L, HiH5H7 7 3V L T
RO Btz b D% L /2. Winston cone I& Appendix TFEd 9% L 57 HHEMD 2 @ off-axis
NIRIERETH Y, N ADER ;) & HODER doy TRERIRET .

EV 2 —NVOYV A RIREFENST 72T % 0 A FHE 572DIE S 30 cm x 18 30 cm %
HARL L, KFEHMD granularity 23 RIRE L 72 5551HA T S 40 cm x 0§20 cm oY%, ¥
—RBERARD 5N LG AT A CHEBERER L IR OZ AT E 555 E 20 cm x 1620
cm DYE AL 7-.

PMT OH A X3/NITH HIZEBHOETCAFTH S, L L KEBOBNEES/NS R 5T
DEMKTCIIRF DT, ENREEIFEO2I EMNTES 20 cmx 20 cm D/NEDEY 2 —
WY A ZDEGED HAL T-.

ECOHETEY 2 — VORNBEmIIFmE Lz, HL =7 8P =)L ZBEEEMNC >V UINZ IR
INTEHELTna.

ZoHT, EFIF@EEELZ, 7 7 2V Winston cone 7 7 ® V& N2 D% “Base-design” &
L, foffREE e T 52 210 5.

F2h 6 LIFHNS, FRSEE L L TERIC 28N IRSEMHEHL, 77 RIVERIHICMT 5
Z e CIERICHEMETCIED 50— o EVWEARE L OT VA (“At-most” TH A ) 2L 7.
Z D7 At-most” T VA VIHEBR Y L WEHIT, HEROTRICE > THERLTI LN TE LR
RERTOLDOTH 5.
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5.2.1 “Base-design” (FH#E + Winston cone 7 7 #JV + 54 F PMT)

SEE$E + Winston cone 7 7 %)V + 5 4 > F PMT IC & % “Base-design” Y22 RDOEAN % X
51139, 2 @ “Base-design” 13 EERIFmEE, FHMEMEIISEmE L, 7 7 *)ViE Winston cone
BI¢dH 5. Winston cone D/XT X —Z %

e 5 30 cm x ME 30 cm — d;,=30 cm, dyyi=12cm
o 5 40 cm x ME 20 cm — d;;,=30 cm, dyy;=12cm
e =< 20 cm x M8 20 cm — d;;,=20 cm, dyy;=12cm

L7, TZCEE 40 cm x 1820 cn AT 7 7 FIVO A ADEENEY 2 —)VOIEL Y K
LR oTNED, ZD X HEEITIE Winston cone DIEZFE TV EH L L 2Bk 7 7 %
NELTn5, LT, 93HHL” OEHRITERTH 5.
ZDEIBRMFRIIONT, BHROE — AAFEREEIR 5.2 D L DIk 5T, EY a—)V
DY A XD 20%20 cm T, T7 Y =)L DJEFTHA n=1.03 DEAITITEGENTF 27 %ITHL <
BIKL 2 55TCY 23 RREETH U, P —LENNTETNS, L2L, EVa—-1DY A
DY 30x30 cm DEAITITFEY 23 BISHL TEY 2— VD LT T 15 %BfEEE T, 40x40 cm D
ATITFE 22 BITHL T13 %ETETL CL £, £/, BEIERE 1.05 £ &< 75 & Cerenkov
FADEMN B 1= DITENN LV REEHC2 Y, HXHETH 3 BELRMET T 5.
ZZCORDERDFERNET 7 XIVDO AAUTHBAS RN & &, 77 RIVANASTZHBT 7 RV
ZEETETICESEMANR>TRKTILEI>IZLTHSL., 77XV ANARIET 5L HiE7 7 %)V
IWEAD EDITTE SN, —F T Winston cone D AN KE L7 5> TL £ 9728 Winston cone
DENRTELAENNELI>TL EH2, ST 7 xI)VD AOZ/NEL T 5L Winston cone D
ERTEXLAEIRZLTZDZLDOD, 77 FIVD AT AL RWOHEIEIL TL £S5 21Tk
5., ZD2200MRTLREENEEY 2 —NVDY A XH30 cm THELEWMETFLIZL D, VA X
EINLYKRELTEZ LIINEROBENSITIEFITHL <R->T 5,

o, TNEERONFRTESEL y FRNCHREZFED 1EINTIRIHEITEZA - 0 b AL 72728,
HFROENRIIHE LD DOD LT TCOEMRIIMIG(ELTL, FHOENXFELT->TL £57.

5.2.2 FHEOWRIC L B2ENFEDEN
“Top-and-bottom” 7H A

“Top-and-bottom” BID F I K 5.3 D Lk DI FHEEEZ 2 o0 FDLELEREL Tn5, EF
WKIXZhZh 7 7 2 e PMTWYEMN, ETF 220 PMT THAHL 2179, 20k IicT52
rexyaY o)l EEL O 87 M2z, Cerenkov XNEM LHNCENTE L, Z
DO EVEL, POB—RENREVIAFTE S, ZORFERTIERORIIZ Y BY = )VOELE
T LRI L CEHFEOV A X% ET 5 em TR TH 55, Zhid LTIk % Cerenkov
PIADI-DTH 53,

2Winston cone D AADERE £H T E 5 AEDMIRE Appendix B #SH,
37 Base-design” THREBED Z & ZRARIN, =7V )V e FHEL OFENKRENZOENTIERL, L 58N
HPMETL 7.
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5inch PMT

ok
60
Winston cone 50 |
funnéel a0 £
Pb "
2
10
0
-10
/ 20 -z;o -3‘0 -z‘o -1‘0 6 1‘0 2‘0 3‘0 4‘0
Aeroge flat mirror

5.1: % : FHE#E+Winston cone 7 7 2 IVIC & %" Base-design” ORI, FHO 8w &
oTnh, £ FAEL zCerenkov DL A b L — A0, FRTRINTHLONED L Z
LT EIHTHRMT PMT ONEEICEREL b 72,

F7e, FHRe 7Y =)V ORRIZEECORR, RO AHE (FY 2 —)VHR) T 30x30 cm
TV 22—V TlE 10 cm, 40x20cm TV 2 — )V Cld 13 cm 272 5T 5,

D &I RENRIHL TEHELNENRIN 5.4 DL IR 57z, 30x30 cm DY A ZDEFAI
13 “Base-design” @ 23 %KL T 31 % m<, H—MHLEELR5HT25 %L Tk, &
51T 40x20 cm DY A XDEHE T “Base-design” @ 20 %ITRL T 29 % & FEHEITEVMENE S
niz.

Z DFERN S, “Top-and-bottom” 7 ¥ A »1& “Base-design” & R TEHDOENTNGEL, €
Va— VD EFuTOEMROEFBLOENTHETCE 5. —FRERE L TUE, FOTHEER
MPRETTHI Ly, 77, PMTIIPDRSI AR 2R >TLEIZ e ET6N5,

5.2.3 77 RIVOERKRICEBEHRDEN
RO 7 RN

AT 7 3NV O RO SN Z K 5.5 1RT. 8T 7 RIVIIETEOEHEEEZ AMEhE
724K, Winston cone B X EER T LM EREIRE 0 5. BT 7 XNV DT A—F T A
HDY A ZH30x30 cm, HEADY A XH310x10 cm, &I 50 cm &L THLH. 22 TE I
Winston cone 2* & O¥EHETHREL 7-.

ZDEIBMNEREFRAL 125808 NRIIK 5.6 DERICZ: - 7=, Winston cone 7 7 RV & g
T 5 LT 3ENFIEENKIMETL, FICEY 2a—VofUMBETEL R AHANRH 5. Zh
(%, DT 7 2V TILIEN B Cerenkov HZ 8D 5 2 S TET, Y DI T 7 26
FENR-TLEDIDOTH S,
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ave?23.0611 ave?2/.132

5 qver0.1667Base-design(30x30) " vel5 750 Base-design(20x20)
§E [167|154 189218173168 § [ 227 | 237 | 246 | 223 | 233
i ol
é o U7 [(15.9)[(16.7)|(17.)|(17.2)] (17) é C(252) | 03.8) | (02.5) | (228) | (243)
@ [ 20 | 20 |248|262 219|195 2 6f
o L - — — E— e o r
. [(17.8)[(19.5)[(20.8)|(20.2)|(21.6)|(19.4) ¢, P22 282 35 | 295 26

o

F(23.8) | (25.7) | (25.9) | (25.9) | (24.1)

2
[ 249 | 29.5 | 38.9 56 28.4 | 25.4

[(21.7)](22.8)|(27.8)| (31) |(23.3)|(21.4) F 2858 | 337 | 39.7 | 345 | 288

0 of — | — | — | — | —
1237 | 278|359 | 35 | 282|244 F(27.6) | (28.4) | (33.6) | (29.8) | (26)
L - - - - _2
[(20.1)[(23.2)| (30) |(28.2)|(23.3)|(20.7 .

5 (20.1)|(23.2)] (30) |(28.2)|(25.3)|(20.7) F 26 275 | 322 | 259 | 26.2
F19.2 | 22.6 | 25.2 | 24.2 | 225 | 18.1 A — |\ — | — | |
P i S (i F(25.7) | (25.9) | (25.3) | (28.1) | (26.1)
[(18.2)[(18.7)](20.1)](19.8)|(19.2)|(18.2) oL

-10 L
162|159 | 182 | 196 | 168 | 15.1 gL 227 | 222 237 | 257 ) 242
[(16.6)[(15.9)|(16.8)[(16.7)|(15.3)|(17.3) 5(25‘42> (2f~9> (2§~2) (2ﬁ~8> (2§~4>

Bys "0 s o0 5 10 15 W% 6 4 2 0 2 4 6 8 10

X-position (cm) X-position (cm)
ave21.7406

NeTE TE3 Base-design(40x20)
r 15.5 14 13.4 | 14.8

(14.8) | (14.2)| (14.3) | (15.3)
178 | 167 | 176

=
o
T

(16.6) | (15.3) | (15.1) | (16.1)

24.8 23 22.2 26.2

y-position (cm)

=
o
T

(20.4) | (19.5)| (19) |(19.9)
284 | 314 | 207 | 30

o
T

(24) |(22.9) | (24.3)| (24.7)
30.7 | 319 | 30.3 | 29.4

o

(24) | (23.9) | (24.3) | (
255 | 25 | 231

(20.5) | (19.8) | (20.2) | (
1

10 [
r 17.6 18.6 18.4

s F (7.0 (16.8) | (16.7)| (17)

e 144 | 147 | 133 | 15.3

b (a3 |8 | a2 | (55|
-15 -10 -5 0 5 10 15

x-position (cm)

5.2: "Base-design” DEEDEMBONMBIRENE. ThTHEY 2 VDY A XW3E S 30 cm
x 1§30 cm (£ L), ®E20cm x f§20 cm (FL), &S 40 cm x 1820 cm (£ F) OEEOFER.
EALE T EBROT VBN n=1.03 DHETTROKTH n=1.05 DHE, TV a—-VOYAX
P30 cm ZEZ HLEY 2 — VD ETFTENDEL {2 5.
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— 5inch PMT

80

Winston cone 60 |-

funnel
Pb

20

N

flat mirror

-40 +

Aerogel 60 |-

o b
-80 -60 -40

5.3: X2 : 2D F1EEEIC & 57 Top-and-bottom” 7 ¥ A o~ DR, EELAEDONZERIEET
2812725, 45 : Cerenkov DL A KL — ZADKET-

30.9278
ave Up-and-down (30x30) ave28.5  yp-and-down(40x20)
~ 15 —~ 20
e} e
S 271|324 |383] 38 | 30 | 248 s 29 | 30.1 ) 308 | 296
c L < 15
o (=] L
210 2t 32.6 | 31.7 | 32.2 | 33.1
S 247 | 31 | 393|367 |31.8|254 S
> . > 253 | 26 | 256 | 255
L 5 I
F255 | 29 | 36 | 34.1 | 283 | 25.4 : 26.6 | 24.8 | 249 | 25.8
0 L 0
b o5 | 284 | 33 | 353|296 | 26 } 27.7 1 25:2 | 248 | 26.9
L -5
5 F 24.7 | 24.4 | 249 | 25.7
[ 258 | 32.3 | 37.1 | 33.9 | 30.9 24 -10 [
I 32 | 337 | 32.5 | 32.9
-10 N
[ -15
[ 26,4 | 31.6 | 38.8 | 38.4 | 32.3 | 26.8 i 09 | 313 | 207 | 311
Bys "0 s o 5 10 15 25T "0 s 0 5 10 15
x-position (cm) x-position (cm)

5.4: “Top-and-bottom” B EEFELX WAL -G EDENROMNEKRENE. TN TZTNEY 2—-11D
YA ZWNEE 30 em x M8 30 cm (), & & 40 cm x 1820 cm () OHEORER. [ROEETE
WENREZ RIS, BV 2 — VFHRTOET T 5.
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5inch PMT

80
70 —
60 —
Box type :

funnel

50 |-
40

Pb

30 F

20 F

10

-10 |

/

0 Dl b L e L
/ -40 -30 -20 -10 0 10 20 30 40

Aerogel flat mirror

5.5: & : FIT 7 2V E HOENFROEESR. 4 BT 7 2V DEE D Cerenkov Y DH
i, 20k DITHEFRER T > 2V TIXEN Y 2 B D Cerenkov HIT R > THRTL £ 9.

avel6.3
Boxfunnel(30x30)

,§157
e 122 184 | 16.5 | 15.3 | 18.2 | 20.7
g L
£ 10
= L
S 1203|156 | 13.7| 141 ]17.8 | 20.7
>

5,

21,4 1163|139 ] 135 | 15.1 21
o,

[19.5 | 146 | 11.6 | 11.5 | 148 | 19.4
5

[ 185 | 15.1 115 1116|132 | 184
a0 |

[18.1 1148|139 | 12.4 15 18.4
B T T - N )

X-position (cm)

5.6: F8I7 7 2NV EFRAL 2EE50ENEK. Cerenkov 37 7 RNV EBE T X0 =044k
AT R YERAYE L,
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5.2.4 PMTOKEICLDENHRRKRDEN

PMT OH A X%/NELTHZ LIFTANDOETIZIFREICKEZR A Y v 22508, HEROERE
DIUNENT=OERBBETL TCL 5. 22 CIIHBHENXRDES R 20x20 cm DY A XTI 20
T, 34 F L 2A40FDOPMT 2L 258D NERETHEND 5.

34FPMT

=< 20 cm X fE 20cm DEY 2 —)VCEHFITFHEE, 7 7 %)% Winston cone (dj, = 20 cm,
dout = 7.5 cm) 2L T3 A2 F PMT 28AL LB EOENRII 5.7 ORI 5 /2. FHOENK
KI5 A FD27T BITKHL T 24 %2 1FROETICHE->TEY, H—HELRELRLAET
19 % HEVERTL R, £72, BIFERE 1.05 1L EAITIIHNMET 4 RRREVETTH Y,
542 F PMT 2l T 555D 3 BITHARNTRRKREWEETHL., 20k, HEICHLIEE
RIVIDH Y, 20%20 cm DEY 2 — VY A XA THRRGEITIE3 A F PMT IIERICET S22
Ab6N5.

ave?24.132

=
o

P 218 | 206 | 228 | 223 | 21.8
L(15.7) | (15.6) | (16.5) | (15.6) | (16.9)

©

F 243 24.8 28.9 26.5 25.1

4k —— - - - -

F(21.1) | (20.9) | (24.4) | (22.8) | (20.5)

y-position (cm)

F 255 29 33.2 28.9 25.7

oF — RN R R N

F(20.7) | (26.5) | (30.1) | (25.2) | (22.8)

F 253 | 235 28 244 | 234
P ] B
L (20.4) | (20.9) | (23.6) | (20.6) | (21.2)

F20.3 19.9 19.8 18.9 18.6

s —— - - - -

F(16.4) | (13.7) | (15.2) | (14.5) | (17.4)

ol b b
-10 -8 -6 -4 -2 0 2 4 6 8 10

X-position (cm)

X 5.7: 3 > F PMT 2HAL IHE0ENEK, FEVPEITE n=1.03 OHETTEN n=1.05
DL, 5 A F PMTICHARSL LETL TIWAD, (K13, EANRETHL L W
A5,

242VFPMT

=S 20 cm x f§ 20cm OEY 2 — )V CEFELZ @B, 7 7 )% Winston cone (d;;, = 20 cm,
doyt = 5.0 cm) &L T2 A > F PMT 2 AL 155 0ENRIIH 5.8 DEICR o7z, FHOE
HHRIT 14 WRETH Y, BEATIE8 %L IEFITHEAFMMETL CL 9. SHIEHIFEZ 1.05
ICL 2B BT T 4 %L lF e A ERTE TR, ZHiE Winston cone WENTE L HE
H¥Cerenkov FICHL TNEL RV T e DBFRTH L. ZDOHERNPS, 242 F PMT 21
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AT 5794 VIEHERTOEINIKETE, ZAMTIIRNI 22350 - 72,

avel3.636
qQved 448 2inchPMT(20x20)
~ 10
5 I ss 11 | 127 | 114 | 96
oL
S F(25 | 45 | (53) | (3.8) | (2.9)
‘v 6
o
Q
N

12 15.9 19.1 15.9 12.8

F(49) | (5.2) | (6.2) | (5.7) | (3.5)

F 5.7 19 17.8 18.8 16.8

g0 Lt b te v b i1 A
-10 -8 -6 -4 -2 0 2 4 6 8 10

x-position (cm)

X 5.8: 2 A4 F PMT 2L IHE0ENRK, FEVPEFTE=1.03 DHETTFEIN n=1.05 D
BE., 24 F PMT CTlRF L A ENRTE TR,

5.2.5 “At-most” T A

“At-most” TH A VIR 59ITRT L IR b DOTH L. EFIMH NS HoARE VB 28NTRT &
L, AEZEIHICET TH 5. X7 7 2)ViE Winston cone BID Y D % EFEIT H ¥ 7= A ERAT
TW5b, ZDEIITHFERZHIFITHET 5 Z & TCerenkov D EAF AL EFHRADEIY D
EINSLSTE, BAREZEVLI LTI D,

2EDNTR TS
:L‘2 2’2
TR 52
TEIN, EAHEIRELORE 20x20 cm DEY 2 — )V TCliX f,=20 cm, f,=25cm TH Y,

30x30 cm DEY 2 — )V Cl f,=50 cm, f,=50 cm TH o7z, WITNY FEFED 2z FRDOAMEITE
FEob OOy )VETEPS 30 cm B H b &Il . ZHIEZHEEOBOEY o —
JVREIRR 35 cm 26 DHITH 5. £z, FEOFUOENIAKEE? S 30°, £XT 7 2IVIZEREED S
30° TNZTNMT TH 5.
ZDEIBMNFEREFRAL LG EDOENRIIN 5.10 DFRICHE 572, 2020 cm DY A A TIEZ D
THA NI TR A3 B IEFITH—TEVEARVESNS. —7F, 30x30 cm DEY 2 —)b
TIFEHTH1.03 T 30 %, EHTH1.05 TE20 RREELHE VR T RSN, ZOZ EIFLUTD
LOICHATE 5.
FEOMELELTLLEHEIT7 7 XRNVITIAL LR EEDD, 77 XNVITALHENKEL L5
TLEW, 7y )@l Tl Rsd. —F, SHOMBEL/NSLSTEHL 77 2)NVDAAIHE
EH 5N ->TL £ 5. AN 20 cm @ Winston cone 1% Cerenkov Y6D JEAS VIR L THRHB
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MWH L%, EFEIT L LIENENE A, AED 30 cm @ Winston cone 137 D L 5 R
DEEL, FETHEL O TERTLILE 77 2NV EBETERLR->TL £, BEftshi-%
FE0MBNEHHR 1.03 TIERE L, 1.05 TIPS RS> THEEENZ OBFERHENITRL T 5,
CDEIRIEMNS, “At-most” TV A U1F 20%20 cm DEY 2 — )Y A XL CUIIEFICH
BHCH LN, 30x30 cn DY A XTCIEH F VA TIIRWEN SN o7z, e, RFERDIEEICH
HTHHZ L VEED L CIIREE R 5.

‘5 inch PMT 40 [

Winston cone
funnel

—avi H _7‘”‘\””\””\””\‘H‘\HH
2 axis parab(_)llc 20-40 -30 -20 -10 0 10 20
mirror

Aerogel

5.9: 72 1 “At-most” WFROMEMEE]. 45 : Cerenkov YD 20x20 cm DEY 2 — V¥ L X TD
VA ML —2D8F. 2EINS RS BIDFEELMET 52 8 TELENTE TS,

5.2.6 H(FEROFLD

BRA TR NFRTOENRITES.L, £R52ICFLOLEBEYVTHSL. HARL S “Base-design” Tl
B &30 cmx 830 cn DEY 22— )V C 20~24 %, 5 E 20 cmx 18 20 cm DE Y 2 — )V Tl 26~27
ROEHNFEVESN S, 2 OGEOENEOH T FEELE BuMET 3E» S 4 HREOE:
TH 5.

I L T b R “At-most” HFERZHAL 725E1T1E 20%20 cm DEY 2 — )L TH) 40
ROENEL Y, BT FEEE F/MET 3FEFIDOENL 5. 30x30 cm DEY 2 — V¥ A
A TlE “Top-and-bottom” T A VW EETH Y, 930 BOENREZ RO, T AN OHECHE
WH 5,

F/2, 20x20 cm DEY 2 — VTl 3 A F PMT Z2HL TH 5 4> F PMT & HRT 1 ERE
DETIHASNEDT, KEW+HTHNE3I A FPMTOFALEL OGNS, —F, 24~
FPMTIZF L AL ERTERNWED INEZHEH TS LITEX SR,

PBDY I 2l —y 3 ClEHE D28 “Base-design” Z AT 505, HKENREHL THLRETS
BAIINFROTRITE 5T 20%x20 cm EY 2 — IV TCIERAKTH 1.74%, 30x30 cm €Y 2 —)b
TIEHRATHIIM/ETCRSITEOTI LN TELLERALNS.
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ave30.3333 ave43.448

- ve20.55 At-most(30x30) o qve38.02  At-most(20x20)
E [215| 29 | 345339281136 E [ 369 | 371 | 412 | 339 | 416
[— | — | — | — | — | — gL 7 i oe b I
é " [(10.1)](16.2)](25.5)|(22.5)| (20) | (9.9) é F(37.7) | (31) | (25.4) | (33.4) | (40.5)
'g [ 31.5 | 34.5 | 41.3 ] 36.4 | 30.5 0.6 'g 61
Q. L - - - - - o [
2 [227)(231)](24.9)](25.3)] (22) |(12.5) R Nt e =
51 F(39.6) | (39.8) | (29.8) | (40.3) | (40.3)
[ 30.4 27 44.4 | 49.7 | 32.2 | 35.7 S
[ (24) |(25.6)|(27.8)| (27) |(25.3)|(25.3) b 461 | 47 | 53.9 | 462 | 42.7
0 o — — — | —
F309 | 312 | 43 | 46.3| 33 | 36.7 E(44.1) | (42.8) | (32.5) | (42.2) | (43.4)
| - - - - - _2
FH20.5)((26.7)](32.4)](29.1)[(23.6)((23.3 r
5 ( )| )|( S )|( )| ) [ 456 39.7 42.4 42.2 43.3
[ 23.4 | 26.2 | 37.2 | 36.4 30 22.2 Ar
(@ e e e [ (45.9) | (41.8) | (32.8) | (40.1) | (45.2)
[(15.8)] (19) | (23) [(27.2)](20.3)|(12.5) ok
-10 r
134|167 | 276 | 255|211 | 6.4 gf 204 | 428 ) 484 | 465 | 372
[(5.5) [(12.2)[(20.1)[(17.6)|(16.4)| (5.5) 5(42‘2) (3%~W) <3‘4) (%2) (3%4)
155 -10 5 0 5 10 15 W8 6 4 2 0 2 4 6 8 10
x-position (cm) x-position (cm)

5.10: “At-most” X2 RZ AL =HEDENAE, 30x30 cm DHE (X)) T Z T ¥ A U1
HEYVAEMTIIRL, FLBETRLE LTS MImIENARVENT S, —7 20x20 cm OHE
() CTlEZ oHZERIIIEFITH —CTRVENRELIRT.

5.1 BNZRISHT HENRK, BIFTEKR n=1.03 D54, XhoKHEEEIT PMT A3hEic 2E
L 72T CRE SN LEH. FETORMEEIIITE 1 THLE-08KL Tnhb,

KR AR R SHEL

YA F5E 77 2V PMT | ‘¥ &Hmafd =IEE| B 77x))
30 x30 cm AEE) Winston cone 5”7 | 23.0%  39% 15% | 0.42 1.2
“Top-and-bottom” Winston cone 5" 30.9%  39% 24% | 0.42 1.1
AAEE) box type 5 | 16.3%  22% 12% | 0.48 1.6
“At-most” T ¥ A ~ 5 | 30.3%  50% 6% | 0.46 0.79
40%20 cm AEE) Winston cone 5”7 | 21.7%  32% 13% | 0.84 1.8
“Top-and-bottom” Winston cone 57 28.5%  34% 24% | 0.81 1.8
20 %20 cm ISR Winston cone 57 | 27.1%  40% 22% | 0.51 0.9
EE) Winston cone 37 | 24.1%  33% 19% | 0.46 1.2
EE) Winston cone 27 | 13.6%  19% 8% | 0.41 1.5
“At-most” T H A~ 57 | 43.4%  54% 34% | 0.48 0.81

Winston cone D% A X1E2 T d;, =30 cm (30 cmx 30 cm, 40 x 20 cm) ¥721% din=20 cm (20 x 20 cm).

53 £EVa—INVIal—Y 3y

BHFRICONT OENRIIFIHO L HICFHRS N2, RICHIEL 725 DITEBICEHDOEY 2 —
NEBETLSEARIS, LOLI0y N7 v T 2HHAT LI & T 3 FETIN/ baem catcher I
MNTLEREMWTIENTCELNERLILTHL. 22T, M350EIIHEHEESh
beam catcher EY 2 — )V R T OHFHAZIFTRE PHEFICN T 5 RREMEZHERT 52 LIl 7.
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F 5.2 BMFRICNT 580K, BT n=1.05 DHAE.
KR AR R SHEIEL
P AR B 77 I PMT | ‘F5fE HwefE &IEME | B 773
30 x30 cm F@E#E Winston cone 57 20.2%  31% 15% | 0.49 1.2
“At-most” T A 5" 20.6%  32% 6% | 0.37 1.3
20 x20 cm  FEi$E  Winston cone 57 | 25.8%  34% 23% | 0.56 0.9
EE$%E  Winston cone 3”7 | 20.0%  30% 14% | 0.45 1.3
EH$E  Winston cone 27 4.4% 7% 2% 0.40 1.4
“At-most” T ¥ A ~ 57 | 38.0%  46% 25% | 0.45 0.88
Winston cone DY A X1E 2T d;,=30 cm (30 cmx 30 ¢cm) ¥721% d;,=20 cm (20 x 20 cm).

R e LTIz “Base-design” AL 72, Tk, HERICT L LEWTIITENIROE
WTHY, MDNFRT VA 2 OERITIIFEI TR/ & D REXROHE IS Z & THEAmIE
TELLEALNENETH A,

REVa—NVEFHALLY I 2V - g v THERL ol

o TV Y = )LDJEIH

o AT N—FDEZ

o z HIAIDEY 2 —)VE

o DML threshold DERE

DAETH 5,
HEAXFH AL 2L T,

e T7UY = VEHER n=1.03
o BhAUN—=FDEIIEZEEY =2 —)V 2 mm
e z HIAIDEY = — )VEUT 25 {H,

o MHORMI “BHHEY 2 —IV1 4 pe LERHILES 2 DDFY 2 —)VDOFIAY 2 pe LA B
T 57

EWIHIYHLDERAL, ENTRA—FDEETE ORRICET 500 % FNT.

5.3.1 BEEXTFTH AU TOHER

AU N—FDBEIFE 2 mm, z FAIC 25 BV 2 —VEEE, MESHEZ “BL5EYV 2 -4
pe AEBRHL, $520DFEY 2 —)LOFIA 2 pe LA LRI T 57 & L 728550 F & PHEFICK
T LRI 5.11 ORISR 5 72, HFRIEZIFRIT 300 MeV T 94%L 72 5—7F5, FHEFOR
HiZh#IL 1 GeV T 0.25 % &% - 7z.
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efficiency
Efficiency

\x
\
\

14
©

\

0.8 -3

10 /
0.7 F H
L g 4
L 10 E

0.6

[ -
oY) AN R SN VU R A DY AU EFUI AT S BT S
0 0.2 0.4 0.6 0.8 1 1.2 0 0.5 1 15 2
Energy (GeV)

2.5 3 35
Energy (GeV)

X 5.11: #EET VA > TOMNTF (£), FHF (F) REDIRO = 2V —IKEME. BET 2L A
DHEIERDIAfEE DT TS, T —N=DPRILOETCIIEBETT — ¥ HoV A XL F%L
TTH5H, HFHRHZIFIT 300 MeV T 94.2 %, FHFHREZDIFLL GeV T0.25 % >Tn5,

5.3.2 I 70OV 1 DRBITRIC L BELN

Cerenkov FH &L (1 - #) BT 07T, JYVEFTROGHZTaY =V 2H015Z L TH
BRHELTIeNTES, LAL, Cerenkov threshold By, = % BT EREEH ST L /NS LR
5728, KVEEORFITHL THIHML TL 1, PHFICHT 2BEDREEZDTCL £H 7
BN D 5.

LIz ens, BIFERLE L ESEICHEFISHNTEREENE D L DI 0%
BT L7=01C, 7P = VOREHFRE 1.05 £ L 2BEIT OO THRFREIRE bR %2
FEAL 7=,

—fNIE T 7 Y oV OJEITRE B L 5 L OBEEIMET T 543, 2 Z CldCerenkov threshold
OMRDOZE BLT0, FTEFIEn=1.03 DHEELELC &Lk, £, BIFEEELITLILTH
BEHLEINT 50, AT 2 REMELHERT 5 EBENTHLDT, HFREZIRNEA
FH A 2 LIFFLL <7225 & 1< threshold DE%Z 1B 6 pe LA L, HB2EY 2 —)LOFIA 3 pe
UEELTHS.

Z D& D BREBTONT, PHFRAEZIRI 5.121TRT & D12 572, HFHRHEZIERIE 300 MeV
T 94.6 BLIHFERT Y A 2 FL <, hHEFHRERIFTY 1.0 GeV T0.26 N EARTH A L1
LAEEL It ole, TOZ D SEHEE 1.05 BEE TED O PHFICHT SR REMEIXIE
AE ERLINZ G5 Tz,

5.3.3 A VN—2DFREREIC L BEND

HAFHFA LTI N— 2R EV2a— N0 2mmEL LD, Ih i1 BETREL -8
FrR2BEHDITIEDTL E5TWAREEMENH L. ThETHERT L1201, HEINOEY 2 —
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efficiency
Efficiency

0.8 -3

07 | 10 /
aE ]

10 |

0.6

[ -5
FoY PR U U U VU BRI I P2 Y ARSI AN AU AN N SR
0

0 0.2 0.4 0.6 0.8 1 1.2 0.5 1 15 2 3 3.5
Energy (GeV)

2.5
Energy (GeV)

B 5.12: =7 AP = )VEFTHE n=1.06 DEEDYT, PHFRHIRIFE. Threshold DfEIT Y7
RN ERT A 2 LIHTHL <725 X DITHIB 6 pe LA L, BBEOMI peA b L k. EifTE:
@ LG AT ORI T SRIEMFRIIERT ¥ 1 2 0HE LITTEL O,

NWTIFEL, BESIDOEY 2 -V TIdELHRZREL LHEEICOWTHL TAL. AL ol
X 5131337 & O 2FHINC 4 mm, EEFIC 0 mm OHREEET L2552 TSN 3 mm, (S
HHNT 1 mm OZFET L5550 2fHTH 5. I Z T beam catcher 2ARD I RIZEART ¥
A DEHLEL {5 XD, T ERIIOHOE S OFIE—EICL (H 5.
02O RAEX 5.15, X 5.14 13577, 4 mm-0 mm OEFETIEHRFBREZIEL 300 MeV T
92 % & FHARTF Y A NTHART 2 %RRERTL CL v, MEFRERERIEL08MmL <L 5
7z. %72 3 mm-1 mm OHFEITIINHTFREZNER, PHEFRERE OERT VA LT AL E
WTEED 5 72,

4 mm-0 mm DFRE L L TiE, BEIDIEEL RNV & T1EREL 2EF BEFIROET
BRI ¥ T —2RESELNT, —FPHEFoNR oy RIS L AHERF2BRADITIED S
higllgslkl-dThbeEZIbND,

5.3.4 z HFMADEY 12— LI & BEL

HAT VA 2 Tldz HIANC 25 BISHT CRET 548, TV a— )VORREL 35 cm & L 55 TE
BB mENRYVDOARESLRSTLED., ¥z, E—LDOFRICEIIIONTE — DY A
AMIEM > TKRELBS>TLEIDOTTY 78T Z 2 ADHETY z AW O DNEFTH L., —
F Tz HRADEY 2 — VEEZES T2 LT oREEIC & 5P RREMEZ B 27 RelErH
5, DL RIHENPD LD, 2 FRIOEY 2 —VEEZES L SR O LI RERE 2
L% 2.

ZZTClEz AMIC20 L L, ShOMBEIIHHREZRET 2KEY 2 —)V 2.5 mm DEH L FHART
YA EARDEEY 2 =) 2 mm DEFEZHAL 2. Zho ofER, K, THEFRESRIN
516, X517 DX I/ o7z, $hDEE% 2.5 mm & L 7251136 FRRERIEEDS 300 MeV T 92
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4 mmt 0 mmt 4 mmt 3 mmt 1 mmt 3 mmt

5.13: $hOBLE%Z A XS 4 mm, EEF0 mm (£), HAHVIEHFLKS 3 mm, HEEF]1 mm (X)
L 2 5E0BE&XN.

> > E
o o E
g g I
g * /@//@——@—_@ CHE!
-2
09 10 ¢ /
0.8 ,37
F 10 E /
0.7 Q/ F H
L -4
L 10 E
06 3
0.5 P P P P P PR L 10-\\\\\\\\\\\\\\\\\\\\\\\\\\\\
0 0.2 0.4 0.6 0.8 1 1.2 0 0.5 1 15 2 2.5 3 3.5
Energy (GeV) Energy (GeV)

5.14: $hOFLE % ZF] 4 mm, (BEF] 0 mm & L =BE50%TF, FHFRESROT 2L —
M. HFOREZIED 2 mm-2 mm FLEDOELRT VA2 L R TH 2 DREEETL L -5
Tn5,
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efficiency
Efficiency
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[ -5
oY) AN R SN VU R A P AU A U AU RTINS SR S
0 0.2 0.4 0.6 0.8 1 1.2 0 0.5 1 15 2 3 3.5
Energy (GeV)

2.5
Energy (GeV)

X 5.15: $AECE 3-1 mm OHFEDNF, FHFRENRO T 2V X —~ RN, HFREMR, F
MFREIERL HIZL A ERT VA v 2B DR,

N BARTH AL N2 RRETL, PHEFREZED 1 GeV T 0.2 %L iDL 2. ShOES
A% 2 mm DEFEITIENFHRHEZNED 300 MeV T 93 % CTEAT VY A > L R T 1 BREERT, &
MEFRHERIRIT 1 GeV T0.17 & {KFL /=,

BHREEZREL 2550 H B HRELZE L L SEIC G FRESRMENZ 25, 2.5 mm
DEEDOHFHRHENROBETIIRAERL 2EFRA I N—F 2L BTN EHER
EZEZ6NS. TNITFHFHFRRBMNBETL THWEZ LY FEELBATE S, £, $HhoES
235 L 72 2 mm OBEIIHFRDOBNT & > TRAERDHERMETL 72 2 L% FHRESIRK
TORRELEZEZ LN,

5.3.5 MHEFHFICLBZEN

HAF YA U CRIKFOBMEE “FIBREY 22— 4 pe AL 2D A1 2 &Y 2 — )L ofIhs
2pe AL LW FRAETREL 7208, ZomEFRMEE, K0MFREFENEL, HHNITLY
PHF ARG 25 L ORBEL 2 TALEND L. 22Tl VRN OS2 KD
L7280, afyoT v AMERTSHEY 2 —I)VER threshold IT L %0 %2 R 5.

AAVVTFVAICHERTAREBEY 2 —LEIC &L 55800

HFDOFERT T E 5 BFEEAMIATHNERWCH 5 —T, PHEFONR By RN &S 2R
KT FNCEN S, ZoZ e 2FHL TEAFY AV CIIRIRE TOBH2EY 2 -V Of%
ALV T Y RATHOED, SSIREROa AT ARRIET L0 2 JBRE, 3BREY
AAUYTF U RAIEDDBLIEMEZOND, 22 TCEHIEV 2NV EBRBEIEY 2 —)LofEH
W54 (backing-three) &, HLEY a— )V L BB 5 EY 2 —)LOFI%E F 5854 (backing-five)
AL 7z (X 5.18 &), Threshold I3 CHIE 4 pe LA L, BEOFM2pelAb& L T35,
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efficiency
Efficiency

W\
\

=
S)

\

0.8 3
F 10 F

07 F
L -4
L / 10 E
0.6 J 5

-9
05 P P P P P - L 10 PP ST AU S
0

0 0.2 0.4 0.6 038 1 12 05 1 15 2 25 3 35
Energy (GeV) Energy (GeV)

X 5.16: z 520 €Y 2 —)b, $ha s N—F % 2.5 mm EOHEDONT, FHEFREIRO T X
WE — RGN, T RERIRIL 25 BOEKT VA L HART 2 %RBEETL L £95. Zhidxt
AERTEU B MNEL R o TikE-oTL EHZ2ICkEeZ2I 6N 5.

> >
o o
c c
o 1 o
< L e— <
b o E /
2
f/ N ?//4
0.9 /
0.8 4
F 10
0.7
L 4
J 10
0.6
057“‘ Lo TR TR Lo T L 1075\\\\\\\\\\\\\\\\\\\\\\\\\\\\
) 0.2 0.4 0.6 0.8 1 12 0 0.5 1 15 2 2.5 3 35
Energy (GeV) Energy (GeV)

517: z FA20 €Y 2 —)V, $ha s N—F % 2 mm BOEEDNF, THFHREMERO T 2 )V
X —REME. HFRESIRIIERT VA2 L HART 1 RREEERT TS, ZNITHHENEL D,
MNERDHERDMETL 727202 EX 5N 5,
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X 5.18: ENSHKE2EY 2 —)VEHWLEE (backing-two/FEATH 1), BE2BIEY 2—
V& V5855 (backing-three), 2B 3B 5 EY 2 — V& V5855 (backing-five).

Backing-three

MU % “backing-three” (HEHEY a—)IVh¥4dpelhAl, TORB2E3EY 2 —)LOFIA 2 pe
L) 2L 7G58 0fRITIR 5.19 D & 51k > 72, KFRHzhERIT 300 MeV THAT V' 1 > 0
HBLIFLAEEDST, 400 MeV TERTFTV A2 L0 1 WRRELERL 2. —F, FHEFIHL T
T AL EERT A LBNIEDN Sz, ZORRIT 2RI L VBT 2HE vy S KT
HLHPMFONEL —HTL5b0TH 5.

PR ARSI EE L, BFREDERD TR YEL 120 T2 OFRMFEL TN
YDTHLMN, ALV TVAISBMT L PMT N1 2WZ 52 LIk ) AXDRAEEZD
EHEVEFL 2TV,

L e— ¢ — =

c L

QL

e © L
E ] —

-2

10

08 1 12 Vo "Tos 1 15 2 25 3 35
EEEEEE (GeV) Energy (GeV)

5.19: MU 2 BB 3T 2a— Lo L XoN%TF, PHTHRESER. #HE O threshold
IIBTE 4 pe, BEX 2 pe & L7z, HFRHEIRVBERT I AL L RO TN ERL T 5,

Backing-five

&A% “backing-five” (HEHEY a— V¥4 pelhl, TORBEIED EY 2 —)VOFIN 2 pe LA
L) &L GEORRITIE5.19 D & D1 > 7=, HFHREEE, FHEFARREMELE b backing-three
DEELIFFFEAL THY, PMTICES )V A XL2ZA 5L BREBIEEHNSZ LITLHFAIFITE
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efficiency
Efficiency
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0.9
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0.6

[ 5
05 0 0.2 0.4 0.6 0.8 1 1.2 10 0 0.5 1 15 2 25 3 35

Energy (GeV) Energy (GeV)

5.20: MGG 2 BB EY 2 — Lo Lz T0NF, PHEFHRERER. BHE O threshold
VLRI 4 pe, B2 pe &L 7=, HFRHEZIER, HHEFHREZFEL B backing-three DHH LT &
AE DB,

Threshold | & %3\

Z Z T TIIME @ threshold % BIEAY 4 pe AL, BREOFMN 2 pe LALEE L TEM, Zhd
RECORDENRD L. 2 O/NEITIEET BN NER T E 5% RS-0 threshold %
SEMICTI HEE2RT. RIS, BB L #B D threshold DELS D FEAL D - ORITB & R D
threshold D &51% —EIERH D DRI & 2B D threshold #%5L L L 7255& & i ? threshold %
B, BEBE TSI OWTHRT 5.

(2,1) threshold DHE

SETORER, HTHRHZIERIT 400 MeV T 95 %BFEETH U, beam catcher X9 5 FER % Jii/z
I, ZOFRAPKBORRICL D ONY S0 EHRAT 5720, threhold & 1ML
THIER 2 pe LA L, BEOFI1 pe AL L I2E%23L 7.

Z ORERITX 5.21 D & D ITHF RN 400 MeV T 98 % & BERITEVMEL R olz, ZDZ L
o, HAFFA L TIKAEPREL T B I ERFRRETHRFREFENETL T 5 2 2hi4
Molz, —HTHEFIHTE2BENED 1 GeV T 04 %ML THWEZ s, ZoRMET
1% threshold WMETE 22 2 b0 5. %72, 1 pelll &> threshold 13 PMT OER./ A A%
COREERTRTL, IERENTH L, 2ok, JOVNEDOD LMFRHL0ET7aY =)V
MRETH S,

(3,3) threshold DHE
CZETOYIal—¥ g IiFRiE 4 pe, B2 pe d threshold TfTo7z. Zh & [FU HETH]
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Efficiency
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0.8 ¥ —37

10 E

0.7

10

0.6

[ -5
oY) AN R SN VU R A P AU A U AU RTINS SR S
0 0.2 0.4 0.6 0.8 1 1.2 0 0.5 1 15 2 3 3.5
Energy (GeV)

2.5
Energy (GeV)

5.21: Threshold Z B 2 pe, BBk 1 pe & L 12355 DN+, HEFREZIER, JFBHEhERN
FERLTOWEZEDENENRRL TWEZ RSN 5.

BDUREEX I G E DR EHRT 5728, threshold ZHiE 3 pe LA L, BREDF3 pe LA LL
LTHAL 7z, TR, H5.22 D K DITHFRRIEFIFD 300 MeV T 93 %L ERT VA 2 D (4,2)
threshold 1IN 1 BREEIRTL 2. 2 OFED S FIERIC L U 5V threshold T 2O EEL W
Z M STz,

(5,1) threshold DH&

(3,3)threshold DFERMN 6, BREBUTHK L THIED threshold 215 < 95 2 & TR VERMNTHT%
BMETZ5Ze09 o, ZZTERTHF A6 S 6ITHIED threshold % T THIE 5 pe
UEEL, BiRBROEF 2 —EBITRD 7= OB D threshold % TP T 1 pe LA EE L 2565% 3L
7z, TORERITE5.23 D LI, HFRERIFRIT 300 MeV T 95 % & EART VA2 & HXR
1 %REERL 2. —F, THFREDERIT 1.0 GeV T 0.25 %2 IFL AL ENIEL 52, 20
threshold CIIHFRHEZIEN DO TNICHET L2000, BER2EV 2 —VOEFN 1 pe Al
H{EX threshold Tl PMT OEBKMR ) A A2 OB L ZTR T R>TL £ 9. 2 OEEN
5 HIEB & B D threshold DRI 2:1 FEEEL THL L ELZ SN 5.

53.6 2FEIVa—NINWIal—avoFEed

SELERNT A=2RHAL LHAICONT, ZThZThoXFRESRe bt FRts®Re2 &
531 e 0 5.

9, Z7aY 2 VORITRICONTUE, 1.05 TTELLLEATYFRESIRITHL ThdE
FRADRIIZLAEELRERNZ EBSD 5 T,

SROFLEIC OV TUIZEY 2 — )W 2 mmt T OFNICEET 5 DV RLEFNTH L Z Lo
2. £z FROL AY =% 20 BIZHES T & HFRERIMETL TL £1, catcher DER
BWile T ML KR TLEIRD, VAVY—HITL2BBEILETH L, 120, ©—L0HY A
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efficiency
Efficiency

10
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L -4
L / 10
0.6 r

[ 5
05 0 0.2 0.4 0.6 0.8 10 0

1 12 o5 1 15 2 25 3 35
Energy (GeV) Energy (GeV)

5.22: Threshold Z FijB 3 pe, 2Bt 3 pe & L 12358 DN, FHTFHHZIFE. 718D threshold
DHFHEZEL < T5 & HFITHNT HBEZRM/ETL CL 5.

H

efficiency
Efficiency

\@\
\
\

10k

0.8 _37
F 10 /
0.7 @f r -
L -4
L 10
0.6 b
0.5 Lo Lo TR TR Lo T L 1075\\\\\\\\\\\\\\\\\\\\\\\\\\\\
) 0.2 0.4 0.6 0.8 1 12 0 0.5 1 15 2 2.5 3 35
Energy (GeV) Energy (GeV)

5.23: Threshold ZHiEX 5 pe, & 1 pe & L I5EDNF, HHFHREZIER, N HRHEZE,
hMEFRRERIRE b EAT AV OBEELIZTL AL EDL SR, ZDZ 2h 6 threshold @ HRIT
2:1 FHEMRZETH L Z R oh 5.
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ZHREHOBMETY SLTHL A ¥ —HEES SRFIERS RWEAIE, HEHEEZHSL T
BEY 2 —)b 2 mmt DIREE L FhT L,

SHITHRIORIHIRS 3 EY 2 —VOME RS Z & CRTRIHFRIDPR DK, ik
TR L AL TALL 20, S D705 3EY 2 — L OFE L 57T U X ADIE I
RDRXEFTIEH DB UEETCIIRY. FORE, xRS 2 PMT OELKNER ) A XK
CICH DI RERLLHL 2EY 2 — VO L BEAIEL L E BN,
Threshold IZ DWW TCITETE L BEOHRIT 21 BENRBETCH L2 0¥ 9h o7z, 2, &EHIC
B % T 2 2 & CHRTFRUIGIFD LRL T 20 THRETREN KT RESFEE T T2 HR
D—DCHBHLEZONS., TNEYETZICUILYVEFEROFEZ 7Y 2 )VOFEHIKRD &
N5H, —BANIIEFTRZEL TH L HOEBEEMETL TL T, HEZHELTZ &IiTE>
IS, AT ETABIIL BT n=1.046 DEHR LT 0 =) IY-46 (ZH IR EHTH
D, ZhZHANEHEICE O XD REENEL N L2 IRE TR 5.

5.4 TY-46 # AW-H&THY A~ beam catcher D1EHEFEA

HIETE COFERM S, SP-30 % iV 7z beam catcher TIEHENREL T 5D+ N+
MHESIERE NN b oz, E, SETRNLEIIISREFRAOY 787 7 Al
catcher FxAE T +88 mm MWRD SN LD CHIETTHREL 72 20 cm x 20 cm DEY 2 — )V Tl E
SHMBNST 78T & ADNRET L A[EEMEIE .,

IS BZRT L2010, HERROFNWIY-46 2 ANTHELHERLL, EVa2—-LT A4 X% 30
x 30 cm & L 726 D% catcher DFERT VA > & THFITL 1=, AifiofREBEE A T
UN=FZIFREV 2= 2mm B L, BMEOFMIIFIEN 4 pe AL, DPOBRE2EY 2 —LD
078 2 pe LA L (backing-two) & L 7z. $£7z, RFERIIEEMEZEZRL T2 > 7/ IVig “Base-design”
&9 5.

ZOEITIEZ Z EFTOMEROFERE B E A /- beam catcher DRI T VA v 2 F2 0, Zhdd
beam catcher IZX 9 2 BEREZIXIE /2 THELZBNRS.

5.4.1 IT78AY z)VIY-46

MTETHOT Y TP = )b IY-46 IFEERHCAEZ T § 5 2 & TayWh@EaRe /Ry, BfEE
EINTOLEHFROFENT 7Y =)l SP-50 & T 5 &, HK 400 nm TO&EERIL SP-50
T68 % CHDLDITKL, IY-46 TIE86 % (WIhbhyualfE) LIEFIEHI LTS, Zh
Soxyuy = VoYM EEZRAICELD L.

5.4.2 EBRTFTYA oy bNTvT

LAEOWZe# B8 2 C, HIEHYZL beam catcher 2L TUATD X DT VAV 2RHET LI &I
95,

o JFR
“Base-design” (‘EHE#% + Winston cone 7 7 )b, KK§H3 0.8)
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09

eSS JeF RN R TR IR R
TR faa v N—FEE  z ALV AV 8 #RHSEMF (threshold) | 300 MeV 400 MeV 1.0 GeV
1.03 £ 2 mmt 25 J& backing-two, (4,2) 94.2 % 95.4 % 0.25 %
1.05 % 2 mmt 25 J& backing-two, (6,3) 94.6 % 95.8 % 0.26 %
1.03 4 mm - 0 mm 25 & backing-two, (4,2) 92.4 % 94.7 % 0.29 %
1.03 3 mm - 1 mm 25 J& backing-two, (4,2) 93.7 % 95.6 % 0.24 %
1.03 % 2.5 mmt 20 J& backing-two, (4,2) 92.1 % 94.5 % 0.20 %
1.03 £ 2 mmt 20 J& backing-two, (4,2) | 93.0%  94.9 % 0.17 %
1.03 % 2 mmt 25 J& backing-three, (4,2) | 94.8 % 96.4 % 0.26 %
1.03 % 2 mmt 25 J& backing-five, (4,2) | 94.9%  96.4 % 0.26 %
1.03 % 2 mmt 25 J& backing-two, (2,1) | 97.2%  97.8 % 0.38 %
1.03 % 2 mmt 25 J& backing-two, (3,3) 93.3 % 95.2 % 0.23 %
1.03 £ 2 mmt 25 & backing-two, (5,1) | 948 %  96.3 % 0.25 %

"EEHE R EHROLPE L C ¢



5.24: PERO T T Y =)V SP-50 (£) & @V HEEREFFO>T T O Y =)V IY-46 (F).

% 5.4: =70V =)l SP-50 & 1Y-46 O MEAE.

PAX Bhr EE  EE % iR
(mm?) (mm) (g) (g/cc) BEHH 400 nm 550 nm
SP-50 | 111.55 11.00 29.39 0.215 1.0514  0.68  0.89

IY-46 | 111.40 11.00 23.56 0.173 1.0463 0.86 0.96

e PMT
542 F, NATIHYUNER

o I7TY =)l
MTETHIY-46 (JEHT n=1.046)

e 1 EVa2a— )P AKX
5 &30 cmx E 30 cm

o £EY 2 —VEL
14/15 (x HIAl) x 25 J& (z F 1)

o HIEEY 2 — )V bR
35 cm ($h-$RfH)

o SRACE
ZBEY 2—)V 2 mm E

o MRS
HELEY 2=V 4 pelhl, DOBBE2EY 2 — NV OFIN 2 pe LAL

S THIBDEY 2 — )VERIZZ7aY = VDEE 5 cm & SFEEEEIC L 5 HFE5 30 cm D6 &b
a7 NERRICL Tnh b,
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5.4.3 JNFHREZHIE
K FREDROMBEREFM L catcher D7 I T Z R

Beam catcher I1IZ1% 410 cm 7 7227 % 2 AR 5N TN 5 D TCHFBRHZHRNZF o & T
V—THERENH L. BV 2— Vo i, £RIETRIIYSLS v ITERKY v 7 — 00— E
Ta— O LETFIENTLEIRD, TV a Lo L TFEHECHRTFREENMETFTLCLES. £
7z, BEY 2 =)D ETFTCIIHFROENXROET T HHEMACH S, I DD NTREMROIE
HREMETIE, $RE S MOE—M2FCREL 72 5. 300 MeV ONFITKHT 5HKT VA~ ToOR
HShROE F RN EREE 2 X 5.25 15RT. 2 2 CTREFAIIEEY 2 =)V D 30 cm D%
L Th 5.

CDRERNS, TY-46 ZHEHTHZ & T + 10 cm DEFETIEE N FBREIRE2FEOZ &8
TERT & /=,

detection efficiency for gamma(0.3GeV)

o
o

efficiency,

|
J

o
o ©
© a

. \
-

0.85 7 / f"‘ \

0.8

0.75

-15 -10 -5 0 5 10 15

y-position(cm)

5.25: Tf&T ¥ 4 > beam catcher O YeF IR OIE H AN BERENE. ERTREN TS
ONZ 7Y =)V IY-46 Z VG E TR T REN TS0 RO 7Y =)L SP-30 %
HW/=84E. IY-46 VAL + 10 cn OFEHTIZIEH—TCH Y, E—LfEEZE I 2 28 Cx
TW5,

EFREZIROT RV F —RFM

CDEBIRT VAV CHE A + 10 cm OFETIIY—LRRHENREFH O b r 52D T, +
10 cm OEFHTREAR T RIVE —DONFE TV 2 — YT, BFBRESRDO T RV —IKEEE
PRIz, TORRES NI K FREIRDO T 2V F —REMEE X 5.26 1ISRT. BISRTED 300
MeV DHFITHL T 99 % & m W HRIERMES h, BERTH 5 300 MeV T 98.5 %, 400 MeV
T 99 %% TR TEN S 5Tz,
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5 TXUE— (GeV) | il
s, _ 0.1 0.859
© " 0.2 0.979
0.95 0.3 0.992

i / 0.4 0.997
e J 0.5 0.998
- 0.6 0.997

I 0.7 0.999
0.8 0.8 0.998

. 0.9 0.998
078 1.0 0.998
ol 1.1 0.998

T RS —
gamma kinetic energy (GeV)

X 5.26: IY-46 % W= BI&T VA ¥ TORTFBREZIFRO = 2V —KEME. ©— L0FHIShE
FHIM+10 cm & U 7=, YeFHHEIERIT 300 MeV T 99.2 % & TSI EVMER RL T 5,

5.4.4 PMEFIRREM
i F RO T RV X —KkEFH

HTF-DHE L FARRICIE A M + 10 cm OFBATOHMEFITNT 2 RHZIERO = 2 )V F —(KEHE
RO, ZORRESNBESRIINS2TOLEIRbDOTHELE., TRILF— 0.8 GeV T 0.3
%E, BRTHS02%D 1.5 %57 ZHIFEY 2 —I)IVOIEE 30 cm 2 AT 22 & T, &5
RN R By GRS A V3 F v AL R T R oI ENFRRE L Z2 5N 5.

FFIC & B false veto DEER

Beam catcher T1 <A 7NV FIZEENLEFHFOZRXNT —BORIIH 528 DL 572 DT
b5, Iho DfEd /NI TR FHEFINT 2MERRENT L2 LT, FEFITL->TL =
A 7Ny FH) MBOMERTE S TRIBERBAL CL 2008905, fEFTasr o7
YALBEDFIETHEN/2 L DIT (M3.23M) 24.7 ns @ time window ICAS b DTHY, =
INVF —TlE0.5 GeVLAEL D, 22T, 0.5 GeV LA EOHFHFITONTNE & SR, 1<
A 7Ny FHY oI L SREENE 0.37 7 5 7.

Z Z T false-veto DFERZEZ X 5. False veto [FHHEF2H 7Y K DFRICHRK T 2HFTH
LMD EITHEHL TL FW, ARV FM2ES5Tveto L TL EOMERTH 5. Beam catcher I
£ % vetold, preradiator T K? FREOKRM Y 4 IV 7 e AL TWb 2 eWERSN 579,
time window NORFEDORFLNTHRHI SN 56 Z L 3% ML S 5. Preradiator O RS RAEIT 0.2
ns L IEFIEH WD, ZOFEIDF £ I 2713 beam catcher DB REE CHEIN S, 22T
beam catcher D RE 3 fRRES 3 ns L RFET 5 &, 24 ns @ time window @D HC preradiator & [A]
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I 3I)LE — (GeV) | BHRIR
0.2 0.00

O 0.4 0.00027
S MM 0.6 0.0012
o - 0.8 0.0028
B A i 1.0 0.0046
? 1.2 0.0078

1.4 0.0105
il 1.6 0.0150
i f/ 1.8 0.0187

10 “ 2.0 0.0226

i 2.2 0.0278

? 2.4 0.0314
10-50‘ 05 1 15 2 25 3 35 20 0.0391
neutron kinetic energy (GeV) 2.8 0.0462

3.0 0.0547

5.27: TY-46 % W= HH&T VA > TCOHFMTREZIRO T 2 )V X —(KEME. © — Lo&BEITen
BEAHM +£10 cm & L 7=, HEFHREZZRIT 0.8 GeV T 0.28 % ¥, BRENTNEiH0.2 %0 1.5
fEelzo>Tnb., THNETEY 2 —)IVOIER AT 72 Z 21T & % granularity DI TR RKTH 5 & &
A5,
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o e N7z 3 ns ORFEIBICAS ARV N EEHT L Z 2125, £5T, FHEFITLS false veto
DOHERIZ 0.37 12 3 ns/24.7 ns~0.12 Z T T 4.5 % & RFEL 6N 5.

IXNVEX— | T RRHH
(GeV) (/p-bunch) | (/u-bunch)

0.2 180 small
— 105 0.4 70 1.9 x 10 2
g 0.6 35 43 x 10 2
s m2; ‘\\\ 0.8 18 5.1 x 10 :2
E \\\ 1.0 8.8 4.0 x 10 2
S0 1.2 6.1 4.6 x 10 2
% 1.4 3.5 3.7 x 10 2
e 1L 1.6 2.4 3.6 x 10 ~2
T \\‘\\\ 1.8 1.6 3.0 x 10 2
0] ' 2.0 1.1 2.5 x 10 —2
S S e S 2.2 0.70 | 1.9 x 10 =2
107 £ T 2.4 0.44 1.4 x 10 2
: // 2.6 0.31 1.2 x 10 ~2
I e 2.8 0.21 9.7 x 10 3
neutron kinetic energy (GeV) 3.0 0.14 77 % 10 -3

At — 0.39

0.5GeV LA L — 0.37

X 5.28: <A 70Ny FHY) OFUEFHOTRXNVE —50F (UADSE) &, THHICTRXILVY 4
OMHEIREZEHT A 7 any F L) oFEFREAXNY M (ZADH). 2 6ITRR-E
hy N T 720 DD false-veto £ 72 5.

5.4.5 K9 FRk4
KO BHZIRO T 20X — (KM

HfEE - LRI K O ZRBICEENTEY, ShebNy I VIV RORRERE, 20D
beam catcher |3 KP IS L TUOREMEZ b ORENH S, N EHERT 5 /-ORE F A +£10 cm
TO KUICHT 2SR EHERL, K 5.29 0k BERNEON. 22T, K ZBRHELT
LESREROARE K OFBEIC L > TEL Ly RCL BV DTH 5.

K?IZ & % false veto DFER

Beam catcher BRI CD 1 XA 7 ANV FILEFENLXEHETO K OFIIH 530 DL 572 b D
ThaH., SThEFUNEITCRL LEBEBEORENREZNT LI L TIRA7anNyFE4E0 8D
BEEHE TRELLTCLES>DPR90S, ZOBRIIK L300 DEII2D, 14 7anNyFY
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EEE (GeV/c) | BRI

efficiency
&

: " 0.2 0.057
o " 0.4 0.065
014 | d 0.6 0.091
0.12 v 0.8 0.12
1.0 0.14

01 |

i / 1.2 0.16
0.08

i /@/ 1.4 0.16
006 [

Fe 1.6 0.17
0.04 | 1.8 0.17
002 | 2.0 0.18

0 025 05 075 1 125 15 175 2
Klong momentum (GeV/c)

5.29: TY-46 % IV B&T ¥ 1 > ¢ K BHSIROEF ERENE. ©— LoFBIISRE 7
+10 cm & L .

D024 ARV NERHET LI LIRS, ZHITHHFT false veto 2 RIEED > 558 L REDEH
WET 5L, KITkD false veto DREFRIT 0.24x3/24= 3% & REL SN 5.

K9 E#&E | K% (/u-bunch) B
z - (GeV/c) | DV il Catcher &7 | (/u-bunch)
2 . e 0.2 0.038  0.013 | 7.4 x 1074
s = \ 0.4 0.317 0.133 8.6 x 1073
= / N 0.6 0.691 0.340 | 3.0 x 1072
> / X 0.8 0.764 0.424 5.0 x 1072
By Y NS
T x: : 1.0 0.610 0.372 5.2 x 1072
o 1.2 0.410 0.268 | 4.2 x 1072
* f - 1.4 0.256  0.177 | 2.8 x 1072
/ 1.6 0.146 0.105 1.8 x 1072
/ 1.8 0.066 0.049 8.3 x 1073
otk 2.0 0.036 0.028 4.9 x 1073
0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 —
Klong momentum (GeV/c) ég-]— - _ 0.24

5.30: Beam catcher BRI COSX A7 ANV FHY) O K ¥ (MADK) &, THhHIT K? B
LT A 7Ny F Y00 KO BREAXRY N (ZADE). 2hHICRKBNZ A Y b
ZHENT THES B DD false-veto £ 72 5. (R CRIN TV 5 DI FEABER T K O AX Y
Ny, )
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2 5.5: KT ¥ A > D beam catcher D NT X—& L HAF & 5 HHE.

Items parameters
EV a2 )LDV AR B 30 cmx & 30 cm
g N—% 2 mmt
zyaY=) MTETH IY-46
JEHTER 1.046
T 87 % @ 400nm
B 10 mmt x 5 J&
KR “Base-design”
F8% TSR, 45°
LS Winston cone #7 7 %)V
(din=30 cm,dp,;;=12 cm)
EVa -V 14 (15) x 25 J& = 362 €Y 2 —)L
B DS backing-two, threshold=(4,2) pe
B RR BRI $ATE £10 cm
YRR 99 % @ 300 MeV
PR IR 0.3 % @ 0.8 GeV
FPEFIT & % false veto FESR 4.5 %
K?12 & % false veto HEH 3.0 %

5.4.6 Baem catcher D35 A—Z L HiIFF I N B MEDF LY

1Y-46 % FV 7= beam catcher D/8T XA — % L HiRF SN S HREZ R B55ICE L 05, TR T F
A 410 cm OFPFATHFBRHZIFETIE 300 MeV T 99 % & BREZ +ICHE L T 508, T
WXL T 0.8 GeV THY 0.3 % BERICHL TI5MGREL LR >TLES>THS, ZRIFEY 22—
NP A X% 30 cmx30 cm & L 727291T granularity AMETFL 722 e FRRATH L EX 5N 5.

5.5 Beam catcher32itDF & ®

T NI AT ZHONEHRETY I 2l —Y g vy OEEMENHERINZDT, TOETIIVIal—
g v FHOCTEED beam catcher DRI %2 1T -7z, EBEOEI 2 -7 a2 A7 DK 245
DOV A XeHL, F-OHEEOOICE—OFY 2— L& 500 HEEL 2 TUI R s n, 2
DIz, EORETTIEINFO AR EICK L TH—LRESIREFEOZ L, BEENES R LD
WM T A CHLINEEY DL, 0L IRBENSRAITNERDOERT, BHEED
FLESCBRERG ORELEZ 1T, TORRBONTRET VA VT ok D> HENES N L0
DM % AT - 7=.

HFRDFEICIIE—DEY 2 —)VORTEIC y#E YT, WERTEL & ete BTV = )LT
3¢9 5 Cerenkov Y3 DFREDOH|E T PMT ONEMICEETX A0 2 HERL /-,

ZOHRER, WmEEEL Winston cone O 7 » )V, 5 AV FPMT LWV INVEBRTFHFA LT,
EBY 2=V Y A ZEE 30x 0§ 30 cm TIEITENS 1.03 DEAITIE 23 %, & & 20x 1E 20 cm D
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BT 27T DO FIHENBNELN LT LD 5T, 2 2 CTH—MHIZENRRIRE L 22 5B T
SEMEDK) 65 % (30x30 cm) B HWME 85 % (20x20 cm) TH -7z, £z, 30x30 cm DHFAITIE
220 PMT 2% 2 —)LD_EFICHE L “Top-and-bottom” 7 ¥ A >/, 20x20 cm DHEITIE 2 6
NSRS EHL Winston cone B 7 7 3OV % BiFICHET 72 “At-most” F¥ A V& RHAT 52 2T
ENTNREAL 25, HEDRRTLHAIEZ 0L e EReFHTL2 L TZhE
NEK1.31%, 43 1L THONENBONLZ LD - T-.

RIT, BEVa—NVEBREL Y Ial =Y ary&2iT0, NI X—=F BB NT, PHEF#H
Hihe B3 2 2 THa Y A= 5 ORE, 2 FADEY 2 -8, RO OB#ELE1T- 7.
ZORER, A N—FOREIFEZEEY 2 - 2mmBELT5Z N, z FADOLV A —H1L 25
BRLETHDZ LN, BHOFMIHB 4 pe AL, BBE2EV2—LOFI2pelhbe 52 28
INTZNEBECH DL MRS, £/2, T TEKEEVPRREL TWEEDIX TR NFoHR)
FNBENTORBI LY, T70Y = VORHFREED T bRETRBIEAOBBIIDR N
RSN,

BRI, 2 ETOMREREAT, BORBEREFOTT OV =)L IV-46 & I HikT V'
LN ONTHEER THIL 72, S OFRKTFA LI 7Y 2 VB BROEWTY-46 ZEHL,
2RI HifliZ “Base-design”, Y 2 — VOV A X5 30 cm x @30 ecm & L7z, 7=, $h
AVAN—FFEELE 2 mm B L, Y2 —)UIE - LA RNC 14 (15)x ¥ — LEITH RIS
35 cm REFR 25 BDEF 362 EV 2 —VOEEL Lz, TOXIBRTVA U 2]RET L L, S$hiEHR
+10 cm OHBATHFRAZIFIL 300 MeVICHL T 99 %& +H7aflz nd—7F, HiEFriizhEs
130.8 GeV T0.3 % ERINTWLED L5FREL k- ¥, FHETDBREEOD false veto
DHERIE 4.5 %, KD DRED false veto DHEIRIL 3.0 % & ThZh REEY Shiz, Thidmibes
ELTHEL R KR BIFEBNMETH RV b DD, FRESHEEZ R0 5708 BN &> TYEE
THIENRODOENLETH .
INEDYIal—Ya il bREFTEHREORMD VITL T, BRI LERE LT
beam catcher DT ¥ A U EZFELTLHZ LMW TE /. LL, TR 2R 8MEE L 0 o@D
ROLN 5,
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F6E I7OVVNFEFUTEMES AT LDBR

AIEOY I alb—Y a VORR, BITE1.046 OEEERI 7Y 2 V&2 HHT 5 2 &A% catcher
DMREZ W= T mDITEETCH LI 2o ¥/, BV a2 — VOEBECHAT YA =
NOSEERERT LY AT LNRETH 5.

ZZ T, RAZLED & PMT 2 V=270 2 L OBERAEY AT LE2ERL =, 2hi [
WTCHREAFTCETCWAI 7Y 2 VOV Y T IVOBELREZHEL, BMhLEREBRENELN
TWAZ L ERL /-,
COETFIT7Y 2 ) VOGEGEFHES AT L PEFRERISOWVTRRS,

6.1 YoEARAE

FEOZ7OY 2 VBT O AV IGRENIEERZFHEOZ L 2HERL, TEEOBIC
ZTOMERERT L0, 27V )VOREEBREUET 52 AT LBRETH 5. Beam
catcher DEETIIREOZ 7OV = VEHWLZ L 275728, 10 cmx10 cmx1.1 cm & FiRAY
YA ZDRE AP EHHICHETE LLENH 5.

ZZT, BAIEBOWED LED 2%jie L, PMT CEAKOEZBRIET S5 2 L TEEREH
ETLVATLEZRRE L. ZZTIHIOMNBEERAEY AT L0y N7y T e, Z7ade
WDV T I TDORERFRICONTHRRS,

6.1.1 BZERANEVATLOEYMN T T

TRy 2 )VEBRHEY AT LDy M7y T EX6.1ISRT. DY AT AENIFIC LED &
FRAL, BORBERDLT AV ALY (B0 1, 2), VI NVEELS, 2RETL7 77
5 ARPD BT AV ARKY (£ 3, 4), TL CEENERINT S 15 12 F PMT 56725,
LED 3RO REL LY o 5 X FHL, Tho 2B IR LZ L CEBAFRLINE 5 S THlE
TEL LT >Tw5. AL 72 LED 13 HH b8 D NSHUS90A (FEH K 375 nm, UV),
NSPB500 (470 nm, ), NSPG500 (530 nm, #k), NSPY500S (575 nm, #), NSPRS00AS (625
nm, 78) DS5FEETHS. 7 A VAT 7 < HHEE TH-08R T ¢l mm 25 ¢8 mm E THKY
D% 1 mm EfRO BETHRETE 5,

Flo, VUTINERELBET2HMOBEH AT —VICRY TS NTEBY, T NVOERNET
BERZUETE LV AT AR > THWS, 2T 7Y 2 )VOREORENMEIC KL > TE
oTBY, TNCLLEEBFRONBICLLEEDE2EHHUTL-0TH L.

BB Wz PMTIREMK b =27 28 H8463EGP ¢, 7 VXL A 7 OXEH CHVELIR
RO, TOZCIIHKROLED 2 W RERECOMERITODTEETH 5.

HEOMNRE L7 1Y = )VTEHFR n=1.05 ® SP-50 5 & JEH R n=1.046 OEEFED E
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IT7BY )V IY-46 3 (VTHEMTETLR) TH 5. VA XI—L 11 cm DIEFETEIIT 11
mm TH Y, EERILIHF a7 Tld SP-50 MK 400 nm T 67 %, TY-46 H3K 400 nm T 86 %
(AIHEY) & oT0D, T, 2heoP > 7% SP-50 D 1 A THIUE SP50-#1 D & D1
#*=7.

ey YT YREY
"it—ﬂ (d1~8 mm)
- I I I I 11/8”PNT
LED (5)

80mm 80m

é 80mm'

X 6.1: =7y = VEBEFRHEDE Y b7 v 7 ORI,

6.1.2 LED¥EDZ7O77AI)

FEROWEICALHNCET LED REO RN T a7 » A V2 HERT 5720, K0 1, 2% ¢1
mm, &Y 3I1THY L 7RET, KD 4 DERICLBHEOLLEZWEL 1=. TORER, ¢=6
mm BEETCERL, TORI—ETH LI N9 o=, LED 2 EANEERETLL, 20
HDIEMNY 2K 6.4 DL IICLED OHLHEICEFET 52 & THIFOY A X2 P_D LI LN TE 5,
Z OFER, LED IFERK 2.3 mm OWEYER L TLEINCERZ 6N L2 2B Gh->7. ZHhLAREOH
ETH, TELRIH—LNRTEBRLMET L7-DITHRY DY A X% 1~4 £T T 2.3 mm I
2 mm &I 5.

6.1.3 ND 742 —%FERAL I=8IE

CDYAT LY ATFT 4w 7k FEET Eﬁi%(ﬁ]ﬁ:’f%é$%ﬁﬁ5 T 5%, £TEER
DFRKGEEV I RFTIND 7 4 V¥ — DFERZWEL /2. 2 2 TIT- EERHEDF
JEL 7 — 2 DAFRITONTUIZ 7 B Y = )V OEGBRHEDOHTERS, FHL =74 VT —1TY
7 WD REFEIND 7 4 V&% — FND & ) — X CEER20 %, 50 %, 80 %D 3fEfEARL
Tz, ZOREFRIING65 DLIITRY, hFar oKt TofReFIEERIT L —HKL THY,
CDY AT LMWIEL {EERZRETCETNLI LR TE .
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6.2: T7 Y 2 VHEERBEOKS. KV 1L 40%AHIH5ERBIELR; .

o
S

I|g%t (ADC;,,ScountEg
o o

2000

1500

1000

500

0 1 2 3 4 5 6 7 8
Iris diameter(mm)

6.3: LED RO ZEERE. B3k 4 (FfKE) OBIO4E, Hbld PMT oL 7= %&%
ADC count TRL 72b D, Y 1, 21 ¢1 mm, KV 3135 L 7RKETHIEL 7.
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LED |ris Iris2 Iris3  |ris4

r-position (mm)

B 1.16mh

+0.

0F
1 F 70%\

F1.16mm

—3mm

S100 0 100 200 300 400 500
z-position (cm)

X 6.4: Z DHIETDOHNFROMIEN. SoIiZ FEGRE ET 5 &, JDJEN Y6 RO EE
PWETLEENTE S,

FND-20 FND-50 FND-80
@ @ @
53 o o
c c c
g1 g1 g1
g g g
@ @ @
g g g R
Eos Sos £08 - B ®
[re
06 06 06
o TR e
04 0.4 04
[To— e |
0.2 02 02
%350 400 450 500 550 600 650 %350 400 450 500 550 600 650 %350 400 450 500 550 600 650
wavelength (nm) wavelength (nm) wavelength (nm)

X 6.5: KHFEIND 7 4 V7 —OFEREE. £ 6 ZNZhE\EFE20 %, 50 %, 80 D7 1)V
B —TCORER. EIT I~ NohyaZ ofEch Y, BRI NEHT L HERRTH S, 5
DDOETCRINTHEDNIDLED 2 WY AT LATOWRERRETH Y, hyuar2Hnkito
WY L—HL TnbEZ ehibh b,
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6.1.4 FZERNEDFIEL R
BEERNTE D FIE
Iy Y =)V OFEERPEDFIEILATFT O & SITL .
e LED 2 H 5RO DITEDLES.
e LED % Y6 B2 W RRET pedestal ® ADC 7> b ZHET 5. (pedestall)

o LED #%56 %, =70y = )V%MEH» SN IZEBIMCEWNTRILEIZWEED ADC h 7
Y hERET S, (airl)

o TV )V EDOAE 20 BTHEEZIZ 7Y = )VIEL T, FZEGITODNWT D ADC v
Y NEHRET S, (sample)

o TV =)V NEMSHANTGFTNCBEIL TR S B2 VRRED ADC h 7 v h 2{llET
5. (air2)

e LED OY¥% 1E® T pedestal ® ADC AV > h ZHET 5. (pedestal?)

o IRDIEEFED LED DOHIEN

Z Z T pedestal & fil Y B WBEDHIEZ BB OWEDRIE TIT O DI PMT OF A » EE)iR
CILBEMALOTHS.

fRITH &

[ 6.6 1T SP50-#1, H LED OEAICONTONRT AX)V, filbRWES, b 5MEICHE . &
L7580 ADC AU v M &Y. EERT I,

T— (AR ENHEDONE)  (sample) — (pedestal) (6.1)

T (ABEEPRWEEDONE)  (air) — (pedestal) :
DE MY EPRNGE LB ZEBEWEED ADC AV Y NOTEET 5. 2 2T, pedestal
ERYEPROGED ADC H17 » M3 pedestal = (pedestall + pedestal2) /2, air = (airl +

air2) /2 LPEOFIFEOFHEL FV 5. FIZIERTRL 72 HIE ST OFEERIT

2968 — 249
3650 — 249

=0.72 (6.2)

b,

SP50-#1 DEMIEIC & 5FBBRDIES DXL 20 DHIESE T 6.7 DL IR o/, T DFER
5, JET HMEIC L SFEBROIE S D ZIIERS (375 nm) 25 FA (575 nm) DHEIFAT root
mean sqare (RMS) TH5 % (MaxHE) BETH L Z b5, 22T, /e (625 nm) DIES
DENMIMET 15 & KE LR >TW5HD, ZHITHREOTIEPMT 2B T X 5%E, LED OF
gL VIDRL, PMT OF A VBB OB L2ZI LI EZONS.

I 6 ZRTCOEGERZFERBIEGL €, SEFBORRKEELZFN-OVPH68THL. 2D
HTLT = N=Z LTI ENEFEDIT S >EIT LS RMS Z/RL TW5,
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g D 11 g o IC 11 g IC 11
000 Entri 10000 3 Entries 0000 3 Entries 0000
é Mean 249.0 é 80 Mean 3650. éloo Mean 698
2 RMS 15.23 2 RMS 178.9 2 RMS 1311
'@500 £ 70 £
5 5 5
c c < 80
60
2000
50 60
1500
40
40
1000 30
20
500 i 20
10
%9 200 400 600 800 1000 00 500 1000 1500 2000 2500 3000 3500 4000 00 500 1000 1500 2000 2500 3000 3500 4000
adcl ADC count adcl ADC count adcl ADC count

X 6.6: 206 ZNZ 1 pedestal, A LEMRVE X, SP50-#1 2L 722 D ADC h 7> b,

SP50-01
4 uv(375) ‘ 4 blue(470)
3L 3
1E 1E
IR RN IR
90025 05 075 1 90025 05 075 1
transmittance transmittance
4 ; green(530 4 ; yellow(575)
3¢ 3 ‘
2 b 2 ¢
1E 1E Wm
0 025 05 075 1 0 025 05 075 1
transmittance transmittance
4 ; red(625)
3k
1
o UL L

0 025 05 075 1
transmittance

6.7: PHRBD SP50-#1 OPEMEIC L 2 FBBRDIE S D&, i ~ EOTHBIC L HEERD
BEWNIHEXNET 5 RREETH S, FETIHISE OIWAEI L5 TNED, ZHITHRETIE PMT
DT 5%E, LED ORNEL bITDRL, PMT OV AV E#iRY ofE»Z T L £
Tl EZEZA6N5.
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BEROWRMEEIILV AV —BEOREEZZ L L,
T = Ae~ Ot/ (6.3)

rERINS, 22T AFRNOFRE, CtizL AU —HELO%EEZ ZNWTHhEL TS, X6.8
DRERD L2 BELERIBFBONTT —F KT EK(63)ICLE7 19 N TH L. TORER,
Z D SP50-#1 12Tl

A = 0.948 (6.4)
Ct = 1.41 x10*(nm?) (6.5)

EWOENE SN, 2, P OBHKNIDD SP-50 DY TN EFHNTEADR KR & - T
HELAZVDOTHY, LED Z HWHIEHERE L—HL w5, Mbo Ehz@EET 5EMT
MTELICLLZ N {ETH Y, SEMIC 10 BTEE L2 OWE LV EVVEEZRL THE, 2o
BEREE L CIREREEEPRM VBN L > T 7ay 2 VO FGENLEL 72, H5WITHIET 5%
FRIC & S THEEZ BEHICEDTL F- BN BA6N L. MTFETTIE 410 mm DOJEV
MEZ T 7Y ) VICHT, TOmEBEEZ THICE D RBERTHREL TWa 70, NMIEICHELS
N ZEN L FB->TL £, BERPNEIHTOLAHEERH 5. LPL 25, BEET
T2 DENPLIIT L L H DOPRIET L HFRITELS D OIS TR,

SP50-01
g [P 0.9475+ = 0.5239E-01
& 1 LP2 0.1405E+11 £ 0.1989E+10
g I /_//”/_,_’V‘,_,_k
sl T
Sos i

Pt

0.6

0.4

0.2

o U S A R B
350 400 450 500 550 600 650
wavelength (nm)

X 6.8: EERDOWRKENE. SP50-#1 OEE. TT7 —N—IFXHEME 20 JICLB1EH2E%
RMS CR9. 3ARDOMELT — 7 SE @I EMNIK (6.3)ICkb 7 1y b2, T2 HOEH%EE
TOLEMPMTELIC L SN Z 0/ iz, s sHEHc L MEMEEZ ThZTh/RL Tvb. LED
DY AT AT K LHEMEIT D HETTORERE L —HL T 5.
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6.1.5 HI7OYVIITORR

B/NE D & 9 72 I%E & fi#ffT & SP-50 54 & TY-46 3 MU 2\ T T 725558, 6.9, X6.10 Dk
EERMES N,

SP-50 I 2V TUE 5 DY > TN TOIE S D EFIF/NS L, MEITEEL T E05EERITE R 400
nm CHY 52 RREEL 72 5> T 5,

—5 TY-46 Tl3E:EFIT 400 nm T 73 %L 272 ) EOBEENES N TN S8, TY46-#3 A
fli 2 ML L TR L TEBRIMMEL R 5TV 5, D TY46-#3 13 248 &0 14 BIFE
H<MAIN LD THLZ s, RERBECT YTV LEMEOL, HE50NTHL B
HINTHLDTHLTDITHENLEL TR EMNREZI LGNS,

N6 DWUEDKEREER61ICELD DL,

SP50-02 SP50-03
8 P1 0.9520 £ 0.4501E-01 8 P1 0.9297 £ 0.5492E-01
S 1LP2 0.1539E+11 + . 0.1864E4+10 S 1LP2 0.1539E+11 + . 0.2118E4+10
£ £
S — I S — Jun -
= Tt g -

0.8 - 0.8 =
—t Ppan
0.6 %/ 0.6 //%

0.2 0.2
0 0
350 400 450 500 550 600 650 350 400 450 500 550 600 650
wavelength (nm) wavelength (nm)
SP50-04 SP50-05
3 P1 .9419 + 0.4077E-01 3 P1 0.9526 + 0.5918E-01
8 1LP2 0.1518E+11 .| 0.1634E+10 8 1LP2 0.1580E+11 .| 0.2384E+10
€ T €
@ L @ I
s L ;}/ [ S L l{/j%_/
S08 % S S08 = //l
i y/ﬁ
0.6 0.6
0.4 0.4 %
0.2 0.2
Y PRI U RPN AR IR B Y PRI U RPN AR IR I
350 400 450 500 550 600 650 350 400 450 500 550 600 650
wavelength (nm) wavelength (nm)

X 6.9: SP-50 DD 4 ¥ (SP50-#2~#5) IS DWW T DBEBEROWRMEN. 3 KoOBOBERILK
6.8 LFEMRTH 5. FEBFRITFK 400 nm T 50 RFEETH 5.
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1Y46-01 1Y46-02

3 P1 19616 + | 0.3206E-01 3 P1 09371+ | 0.5475E-01
8 1LP2 0.5307E+10 £ | 0.1086E+10 8 1LP2 0.5445E+10 £ | 0.2709E+10
k= L k=
: T : 7
g T g o [ B
g T /% 5 — e
Sos < So08 % e
0.6 0.6
0.4 0.4
0.2 0.2
Y PRI U AR A IR I Y PRI U ARV A IR R
350 400 450 500 550 600 650 350 400 450 500 550 600 650
wavelength (nm) wavelength (nm)
1Y46-03
3 P1 0.9129 + 0.8595E-01
& 1 LP2 0.8106E+10 £ | 0.4047E+10
£ SN N R
€ T
7] A e
Sl Tt
508 S
e T
-
0.6
0.4
0.2
0
350 400 450 500 550 600 650

wavelength (nm)

X 6.10: 1Y-46 @ 3DV > T )NV T DFEEROERKENE. 2 RKOMIIT — & f% @5 ERASA
63)ICkE 74y e, T—FHO LR ERTLEMN NIl iR ThZThry., 7
IS &L > TERBRDIT S DEMNKEI WA, FEEFRIT 400 nm TE 73 % & SP-50 & LR TEVMED
BohTns,
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# 6.1: SP-50 & TY-46 TONEEROHEREE.

Fo T A, ZER MBI BIES D& y Ct
(A=470 nm)  (HEXfE, 470 nm) (nm?)

SP50-#1 70.9 % 4.7 % 0.948 1.41x10'0
SP50-#2 67.0 % 4.4 % 0.952 1.54x1010
SP50-#3 65.8 % 6.1 % 0.930 1.54x1010
SP50-#4 68.5 % 3.2% 0.942 1.52x10'0
SP50-#5 67.2 % 5.8 % 0.953 1.58x1010
SP50 ¥ 67.9 % 4.8 % 0.945 1.52x1010
IY46-#1 85.0 % 5.0 % 0.962 0.53x10'0
IY46-#2 85.0 % 8.1 % 0.937 0.54x10'0
IY46-#3 74.9 % 11.0 % 0.913 0.81x10'0
1Y46 ¥ 81.6 % 8.0 % 0.937 0.63x10'0

6.2 HEBFRAEDELY

Fr41%, beam catcher DEPEIC AT T, B OWERD LED ZXjF2 L, PMTIC &L - CEENE
ZREET HWFERAEY AT LEZERL 2. 2 0¥ A7 MIEKOFNEELZ > LED 2 B
52 CHEBROWRKENZEDTHIET LI LN TE 5,

9, BEEPHERSIN TS FND 7 4 )V E =2 O HERIT - R, 2 oY 27 LIE
TLWREK (UV - ) TIEL < EBREWETE TS LA RSN,

RICEZT7 Y =)V DY TN O TEGRZHEL, HR470 nm TEFFE1.05 07V =)
SP-50 Tl 68 %, JEHTH 1.046 DFERDOZHNL 7 Y =)L 1Y-46 Tl 82 % & HIE S /=, SP-50
TORRIIDHFITORRE L —HL THY, 7Y ) VOZERY HEELJAETCE TS
ZEMHERTE . hral L OB TIIRIEL 2R TR 10 BREEKL L >Tnb,
ZHIFHIET 2 HERDE N, FlZzvay o lopftickdboEZEron5,

AL S Z OBZRIC & 5T, beam catcher DEFEICMANT /= 7 B Y =)L DYF@RHEE Y AT I
PHNITHZ EINTE .

78



B7E Summary

413 KOPIO EERCHE T 5 YF veto BHI 28D —> T H 5 beam catcher DEEFZ1T-> T 5,
Beam catcher 13 K9 — 70 iI8L TIRRKONY 77590 Re05 K9 -5 %2 E—-R» 60
YHRD D B — bR — A s b O R BRINT 5 2 L HINONRTF veto RINITH 5. Z OB
HEEEY — b ofle — AfICENPN S 720, HFITHT EREEIRZEELRNE, FHETFIC
KLU TCUIRETH ZHEN D 5, Bk L L, HTFORHEZIZEIT 300 MeV T 98 %, 400 MeV
TIE 99 % ->TBY, —HHHEFITHL TiE 0.8 GeV T 0.2 %LAT ORHZIRICTHNZ 5 MEED
H5.

CDEIREREW-T20, BalZT 7Y =)l Cerenkov % FiV /- BUERIM HI 28 % 2309 Bl
BT VA 2ERLZ. ZOTFVA U TONFREOFRIEL, $har N—F CEFHEFX
PERESE, Thoony7aYy 2 )L TDCerenkov BAZEAT L L VI b DTH S, —F, F
MFONR By RIGTEL 5 2 WK HEMEETH %720, Cerenkov threshold % #x 72>
HOMNELLRY, RELRY, SHIRSHEEINLZEY 2 — Vo —LMETHMICaA Y VT
VARERT LI LT, yMICHL UIRNERTEL 2EBFHBEFIRTINELDTLE X252
EMTE, FHEFITHL TUIANAR By RKIGD 2 KA1 D BENE LT TH 5 0 CTHRIESIEREL A
L2 EMNTE S,

o7 o)V 4+ 8 + PMT & WOTF VP A U COFRBEHRTL20, $THLAIEED S
DY ARXDTaNZ AT RBIWEL, KEKPSTIE—AL5 42 TCTF ANEREZITo7-. ZOE—Ah
7 Z k ® B@lE Cerenkov FNENHAREN TV EEBELNTVENE INEHHRT 5EL, NK
OV RIS T 5IRAENE Y I a2l =Y ar Tl CETNENE SRR T LI L TH 5.
nt 2 O FAEOWE TIE, WEINIFHNEIL GEANT 2Ny Ialb—Y 3y OfERIC
ARINC 0.89 2HNT 52 2T, BIREMZ B C—HT LI N ooz, £z, THEFofKDb
VICBEF%2 AVENARay RIGOHEETIE, HAYUFL -2 a ilkbaR,E2ERBICANSL S
CTCHIERELY I 2V =Y aryofERIT I —HL . 2o —LF AT &> T beam catcher
DFEEFT ARNETL, YIalb—Ya Qi UEHETELHENEOND Z LRI,
Wi, ¥alb—yaryEANTEBORTE2T-%. EMTEI T AT D 2EDKRESD
EY a2 )% 500 LA ESEEET A2 EVNFEIN TS, ZOLDEKEY 2 — VMBI K&
59—k y RSO, BENBRIRTIA LV THLILNEELRL, 2otk
BEEZTC, FTHRAINERORE 21T, RICSHEET L0 a0 - RESCRESEGD
RELEZ1TY, RRICEROZT VAU 2EHD, HfFSh LML RED - 2.
Fe2ERDOFRET TR HESE + Winston cone B! 7 7 X )V + 5 4 > F PMTIC & 5 Bl %R TaE
& 20 cmx 1820 cm (& 30 cx 0§ 30 cm) DEY 2 — ¥ A RITH L CEIENK 27 (23)%,
H— PRI BRAE L 72 5 (78 CEMED 0.85 £ (0.65 %) BEL R 52 L3 ol £/, J&EH
FRTLEEITIINFROEM L NFERIC L > T 1845 (1.34%) BRELT CHRTI e TELE
WHERTE =,
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PEVa—VEERELEZYI2V -V ar T, RN OREIFEZEEY 22—V 2 mm B
LESL, BEKMEIHLEY 2 — D4 pe AL, DOBHED 2 EY 2 —)LOFIN 2 pe LAWK
HEeTLZeNRETCHLZ B £, BIERNP1.03 0RO 7Y 2 )V TIINE
MERRETCHDZ L bHERSNT=.

6 ZBKE X, beam catcher DFIET VA 2 LT, EBFRn=1.046 DHEERDEF N7 1
TV )VERG, BEVa2— NP A X 30x30 cm & LT, TOMOEMIF RO I 2L —Y gy
WKEDRBERODLTHTF VAR RAL =, ZORKT A L GBS BHERER L 7=
B, FHRHERIERIT 300 MeV T 99 % & +HICEWMERZ RT Z E RSN, L edss, &
PEFRRHEIERIE 0.8 GeV T 0.3 BEERINTVAHEO 15 L >TL F1, FHEFICLS
false veto DIERIT 4.5 % R SN /=. ZofHITIHBHER L L CHaBITIIhvwb oo, By
fREEDIA Fla X I L 5 WE N RDEN S,

¥z, BEEICHT %L LT, LED & PMT Z Wz 70y 2 VOYNEBREEY AT Lk
BAFL 7=, £ T 7407 -2 HORIEEZIT- R, WEMET DY a7 20K EtTofER
EL—HL, TOY AT LAV EEERIEICHIER NI RSN, KIS, 7Y
VDY T NERNERERZITY, BITER1.05 DpEko =7y = )b SP-50 TlEiEEK 470 nm ©
69 %, MTEIICL > THL <BIRINEEBROFENZ 7Y =)L TY-46 Tl 82 % & SR
BESNE. ZhITk ST, TY-46 IEEWEERELRT I LRI, 7Y )L OZEER]H]
BV AT LEFENLT HZ e TE,

VA EDBFZRIC & 5T beam catcher OF A 2N, REFTAM25ETL, ZOEFIH W
TEEVRG TP OMRERIN SMREL M TEBORG LT T TH5I N TE. LR
MWe, FHEATHT L2 RREICONTUIAENRSLETH S, £, EFICHTHEFEL T
Y = )V DOWRFBEREES AT LEWNLT BT LN T/,
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o B

ABEEHRLETLOBICHE 25T, ZLOFARBHEEITRY L 2. 22006 EEHoE
ZERL ET.

9. RFRICHED A% 5X CTF I > L EREHRICEHEL 7. ERECHEICHE
LCIEE, ¥LpEL CHSEL L, RHYITHYNL HTITVEL .

FATIEBIFICII IR I E CHEICHE D Hét 2Rl THHSE, PN Tl IV ICELET
HOWLERITEZ TR EEL 2, UL REHL ThET,

T BE RO EIERE—BEIRICIIE — LT A NRH AV U F U — a VBT 4 L EE % HT
JHEFEL . /2. KEK O/MABBIFRICITEEDI —T7 4 7T, EEVPRBEIT L Tk 5%k
MIEAZREEDCHRL CHEELZ, HUBLHITE0EL L.

BEILBAIS A, EREKESA, BEIFASAIRKIEI -7 4 V7R AE ORI LER R4
M EEHATCHSEL &, BREEL £9. BHEHEE, AOCEIAIKIEEROFLENEZL T
THWZD, WOLEROHEFICL>THEELL, DU HITIWELL. £/, HAVUF
V=3 g vy OflELR Flo-> T NTRIIFEERICO B L THET.

FEARFET RIVE —REOFRIIIFEALE TN CTIHES L 2. BEHEL 7.

BRI, 22 ETHERATTS o FRICHE S BEEHL £

2004 £ 1 A #FH FHt
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T 8&A HAAVVFUV— 3aVFEIEEDHE

E— LT ANTHRHEENTERBNRNY 775V RBERICLLEY VF L — a3 ilikbbDT
HAEMWE INEHERT LD, BEFTCOH AT VF VU —Y a v REBERZHEL . 22 TClE%
DWPEDFHEEEREL T L 0 5.

A1l HAlEDEYbdPyvT

HALVFU—v a v RAEUEOLy b7 v TIEHALITRT LRV DTH 2.

AT ¥ U ABEZERBFOPIC o BUESENN, TIPSR SN o i3 A ZEEd 25
WIS v F U= 3 h% quartz DR EZEL TETF 24K PMT TigAAH 9. S 61T akoEE)
IXNE =2 EORPNINCER Y6z PIN 74 M A4 R k> THIET 5. %77,
PIN ¥ A 7 — K 03z <ITHY {4 6172 LED & PMT O#IEIC W =,

FRAL 72 o SR 22 Am TH Y, 5.486 MeV (85 %) & 5.443 MeV (13 %) @ o fi% 7T 5.
WL PIN 7 7 b5 A4 — R ORI (Lgp) 37—V R— b 2@50y R 22BN T 2 THN L
ABHZEMTEL LI >TNS, AL 2 PMTIXEMAK b =27 28D R329-02 (PMT1) &
R2256-02 (PMT2) TH 5. ZNOIIETEDH T A, H%EM quartz DREFOMIIELLFEL NA
FIVHYKRERD PMT TH5. ZZTHI AL quartz D 218 Y % Bz DITERIMER D FEHEIC
LB DOENE RE-DTH B,

H A 5 LA LR 2 B2 S W THERNE 1 REZ RS X DITRL i) 6 2 & THIE
BHREDO LKL 2. MHBOH AR RETI2HATRETZHOTCHRERO L IICL . 2o
EI5 REL REL O N5,

AL RIIFA2ITRTEIRODTHS, abiFWPIN 74 T AF—FEIKH T LT
DAQIT N UNENY, PINZ A4 —R D7 F )V %5 peak sence ADC & 22D PMT 26
DY T F )V % 5Fids charge sence ADCIZZNZ N 1 psec, 80 nsecfgds—k ZBE, CAMAC %
WL T . PINY A4 —K @ threshold I3 1.0 MeV AHH & L 7.

A2 HAIEFNEE AT

WEFIEE, HE5HAONTC, By R%E Ly=5 mm»5 30 mm £ T 5 mm EFTEZ LS
FIEPE (% 40000 A X M) L7z, £z, ZOZREDORNC LED % FW/28IE HORE 21T
22 LT, PMT DU A VBB L HERMA .

HAMESR, IRE PIN ¥ A4 — K ORIIE Lyy=15 mm OFAD PINY A4 —RK DA ML
BEA3DESRYVONB/EN., COZXNVE —DY — 27 D 20 tHEL (KON ERSY) % H
WTRIT 24T - 72,
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2inch PMT i

Quartz window[[[ |

j_ _ PIN diode age; Honk

== _'___.E____ S—— I R I }

@ source ||
. ‘ LED : I -
= | |

[N

Quartz window

2inch PMT

Al WAV VF V=Y g Uy RFREEREODEZY 7 v .

discri. wig(t)h
PD —Pre Amp—| >—Gate Gen|—

L width ¥ 1.0
Post Am PH ADC

PMT PMT Amp ADC

«

A.2: AL ROBERRX].

300

200 -
150 -
100

50 —

oL 1 el L DR
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Photo diode ADC Count

A3 MiZHR, Lyp=15mm TOPIN 74 " A A =R DAXY MV, BOfFOT=gsride — 2
M6 +20 DHy - FIPH.
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ZDEITy NPT LEETOPMT DAXRY MUK AAD LI borko/z, 2ZTEH
DI PIN 74 NF AF—RITL By MNall, TOMBHy METHE., 2256 280 DFA
THEFHEFET S, —2id Poisson Hizt % F VT pedestal DM 6 3K 5 1% (inefficiency)
THY, I —DILLEDICTL > THISHEIEL 72 1 pe & — 7 DN 6 3KD 55k (1 pe) TH 5.

10

0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
ADC channel of PMT1 ADC channel of PMT2

B Ad: $iZE3R, Lgy=15 mm CHSNL PMT OAXY ML, £H PMT1 (R2256-02) CHMS
PMT2 (R329-02).

BI#E @ Poisson it % FV 6 HIETIEMHI L 2O EESR (pedestal IS A S A XY N DE[E) Py 1
Py = exp(— < npe >) (A.1)

5D T, TORPSFEHOKETI < npe > 2 KDLV TE L. FLBEFOHETIE
pedestal % & 7= F¥fE%L LED IC L LHETRD/Z 1 pe ¥ — 7 DETH 5 Z & THEFEEZ K
DLZEMTEL, ZD2DODHETCKRDIEHMBEBFRIIRALIOL IR ST,
ZIMERNLEZEIEET, 2AKDPMT TIEEALEVDRENZ L THSLH, PMTL i quartz D
BEF>TOHOTEIMABTIEI PMT2 LV b ETHFEVELSRBIETTHSL. HBohIERT
I PMT1 & PMT2 C/LNHEFHITEODRNT &0 5 BHREROFEHD FEREADT IR HE
BThHbHLeEALNS. RIS, 2BHEOHETCEBIIZLALENZ L DEVTHOHETHLFE
FLNBFHEVRABLONTWELEZ OGNS, MOWPETY 2O HETIFL AL BEOILE
Mo lzle®, LABETIIENET S LR PMT O A EEIFR inefficiency OFEE & 52 &
[ AV

WIT, BONTKEBETHDS a I TOBRMNIXVT - 24 ) ORNEERD L, Ly, 2 BRI
ZHUETCOPINF A4 =R O = Z7EIH AL DL DI oTe. 2T Ly=0 CORLEMEE 5.48
MeV IZHIHLL TH 5.

CDT7FMNT AT —ROE -7 fHT a ROEHTXNT -2 RTLEXLL, ZINHK L, T
DaFOIZRXINE O AERDLZ LM TEL, aff® 1 MeV TR NVF - 2H Y ONE L
Npe/ AEZBI A6 D &L DT 5Tz,
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energy(MeV)

0 5 10 15 20 25 30 35
distance(mm)

B A5 MIZFECO Ly, B0 PINF A4 —F AX7 hvor —7, EihFRoEETIay K ofr
BEEDEOREEZRT. M7 ROBREIERTE LB/, H#E GEANT3IZ L5y
Ralb—varyoRRTHY, KER Ly, TOLOTIhH L2 2 2RHIF L —HL Tn5,

S 2 01 g
Q c
2 8
S 18 009 5
9] [
£ 3
S1e 0.08 8
© 14

3 Y 14 b

14 3 0.07

<

a

-
N
=4
o
&

1 0.05
08 - . 0.04
06 L 003
04 0.02
0.2 001
%0 5 10 15 20 25 a0 30

distance(mm)

SADO/EFIA AN —ITEETIRT A,
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F Al fiZEHR, Ly,=15 mm OEEDHEFHL

Method PMT1 (R2256-02) PMT2 (R329-02)
inefficiency 2.01 £ 0.07 1.95 + 0.08
single photoelectron 1.98 + 0.04 1.95 + 0.04

Z 2 CPMT OEFHIRIIFRER T 20 B2 REL, VAARNI =657 78T F A
ZERICANSZ L TH Ly COBMNIXNF —HHERZHY OINE AN, /dE D AT DX DI
Boeni.

/ MeVL
g 3

®©
o
T

phgﬂton(
3

[
S
o

number of
[y
N
o

=
o
]

80 |

60 |

40 [

20 |

Y T S S R R
0 5 10 15 20 25 30 35

distance(mm)

AT MBEHRTD Ly BD 1 MeV TRVX — 10 2 Y ) FHE (AN, /dE). T Z CHEZEIHET
o MIRDORLEDRENNS < 5.
ZD Ly, BOEROVHE L 52 LT, affOBRFTO 1 MeV ZRVF LYY O FEIT

< dN,p/dE > = 141.1(PMT1)
= 146.2(PMT2)

A3 AEER

FERROBE L EHER, BR, —BIURE, AT VIOV TUTS R, A2 Rk 22
T, BRXRCORNENERLBAROBEND SR SN IEL N TUNS KR > TWEDIE, MR
MERDFEN%MA % quencher & L TEINWT WS- THS.
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F A2 1 MeVIZRVFX—BRYV DYV F L — 3 VHKE (< ANy, /dE >)

Gas | PMT1 (R2256-02) PMT2 (R329-02)
N, 141.1 + 2.1 146.2 + 2.1
Air 25.46 + 0.43 26.06 -+ 0.46
(o 0.61 =+ 0.22 0.46 =+ 0.22
CO, 5.09 + 0.28 4.90 + 0.27
CH,4 1.39 + 0.09 1.32 + 0.08

A.4 Quenching Effect

2P quencher 7 A ZEANT HHIT & 5 FHEOIHNI SR [20] ISFEL KBRSN TS, Z
Z Cld quenching DFIRIC & B2FMAE DD % K TR L & quencher T A ZREHEDNRT X—
R EICEL D 5.

ZERIT quencher F A% H| G ¢ CIRETZSEORNEIL, RD K 572 Stern-Volmer DX THERD &
ns,

N, (No)
_ _ph
Nph 7 ¥ Kc'’ (A2)
22T, ND(No) I3HEFRT OFNET, K I Stern-Volmer FEH & FITH L EHTH 5.
¥ 72, quencher ] A6 EBRN ANDIZRXINT —BIT2EZ 5L Z ORI
1
Npp = m(l - C)N;?h(N2) + CN;I())h(Q) +¢(1 — ¢)Npn(Q — No), (A.3)

DEDICHRTHIENTES, T IT NJ,(Q) 1 FHERYR quencher JF 2D EDFNE, Npn(Q —
No) 13 quencher 2 5 BRAND T X)X —BATIE D RNELZ R I NT A—-FTH 5.

MZEZRIC quencher H# AL L CHEFR, A¥ Y, “BMURBELRELLEDINEDNRT A—-F2FK
A3ICELD 5,

A3 MIERITHT 5 3 FESHD quencher @ Stern-Volmer EX.

modified Stern-Volmer (eq. (A.3)) | original Stern-Volmer (eq. (A.2))
Quencher Gas K Npn(Q — Na) K
09 20.7 £ 1.5 7.1 +21 26.4 £1.5
COq 45.7 £ 4.0 2.6 £ 1.7 48.5 £ 3.0
CH,4 51.8 £ 5.1 93 £ 1.8 53.3 £ 2.7
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F 8B Winston Cone Funnel

B.1 Winston Cone

B.1.1 BFX0EH

Winston cone |& off-axis parabola @ [E#5fKC, non-imaging ZREEITEL 7R TH S, BHE
32T, FIRIZAOORE HODREED 5 L EmIRE DNRT A—FRET 5. BIRIT 4 kAT
#zIhs. KB1ICHEANEZRT.

B.1: Winston cone

(r', 2") FEFER C Winston cone [FLAT D L HITRIN 5!
(r' —r9)? = 4f (' — ) (B.1)

Z 2T fIEBIfRD focal length TH 5.
XD geometry K ¥

ﬁ
Il
o

(B.2)

N

o~ O
I

I

ha

Zh# (B.1)ITfRAL T
2 = 4f(Z + f). (B.3)
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(r,2) BB < (1, 2') D EERTHIZ
'\ [ cosf sind r+a \ [ (r+a’)cosd+ zsind (B.4)
2]  \ —sin@ cos@ z \ —(r+a)sin@+zcosh |’ )
(B.4) % (B.3) ITfRAT B 2. (r,2) TEIN BN

(r +a')% cos® 0 4 2z(r + a') sin@cos O + 2% sin® O + 4f (r + a') sinh — 4fzcos @ —4f> =0 (B.5)

"ESN 5.
Z ZC parameter a,a’, L, f,0 DBfREZZA 5. £9. K(BS5) Tz=00Er=qd LR5%E
Mo,

f=4d'(1+sin#). (B.6)
FRHLY
thzazd (B.7)
SHIT. HD p(¢) Z (r',2) I T EMEEE ZR 5 &,
__2f
p(¢)—1__coqu (B.8)

LRIND. p=20D L X,

_ 2 /
L%, TheBHT 5 L EBROBSRN
a' = asinf (B.10)

AN G LY g0
FL®5HE, Winston cone & &I (r, 2) BEEART

(r cos @ + zsin0)? + 2ra’ (1 + sin6)? — a'*(1 + sin ) (3 + sinf) — 2a’z cos B(2 + sinh) = 0 (B.11)
TH Y., parameter [ZBFT % BRI
f=4d(1+sinb)

L= (B.12)
a' =asinf

L5,

B.1.2 Winston cone DFFEH

Winston cone DFFHHIS off-axis DXTR T TH L5710, HLREREILNY 2FHEOHEEDENS S
TH 5. A 0T Winston cone IZAH T 5HMRE 1 IO RFFTARIR T DEEANNHK SN S (K
B.2). Winston cone [T S MNP WRIOBEOH O L 72 > TWEDTI D K H7%23% cone D H}
ON1TEORE TR 522 8N TEL,. 2Dz 26 Winston cone lIEERAE 0 T ToNTHN
FTHRDLILNTEDLD, ThLY RERAELFSTMILD LI LB TERN,
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B.2: F&FA 0 TAHT 5ok

B.1.3 HAOORLLR, BRADBER

AOOEZE HFOOBERICHTLLE, BRAZEBLICELD S, BIFFERn=1.05 DHEIC,
B=1 DRIFNFAE T % Cerenkov KD AEITH 18° TH L. PMT 254 F 2T 5 d;p=20 cm
T RBNH 5D, d;,=30 cm TIEEEFA 0 hiCerenkov FITTAT < T2 OENDEEL < 72 5
NN,

% B.1: A0, HOOEZZPD 54D Winston cone DERE & iEHRA.
ANADFE (din) HHEADEE (dow) ®R (L) HEFS (9)

35cm 12cm(5”) 66.2cm 20.1°
30cm 12cm(5”) 48.1cm 23.6°
25cm 12cm(5”) 33.8cm 28.7°
20cm 12cm(5”) 21.3cm  36.9°
20cm 7.5cm(3”) 34.0cm 22.0°
15cm 7.5cm(3”) 19.5cm 30.0°
20cm 5.0cm(2”) 48.4cm 14.5°
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