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B =

SRR 2 LWL L TE R DN BB EGRONMTIX, VT M
T —NRN—DRGFEWD L I72, pt RFOWHETH D ut — et + v OFFIEN
TSN TS, ZRICEDE . 4t — et + 412, BED u+ BTFORETH 5
pt = et + T+, IR LAIEHIZ L T10 8B ~ 10 MRBRETEZSLEZONT
W5,

BAE. AA AESL PSIAFRFTAFTA L T %, 3 x 10%(muon/sec) DRIEED it
E—AEZERALIZHL VD ut — et + yIRBEEBRBEZEZ DN TN D,

put = et + Y REEZ R THFEE LT, Fxidet & 4 D coincidence & & 5 Z
LIZEY, ZOBSEERBDDZEEFEL TWDORER, ZOLEINYITTY
VR ELTHEERD2DOBELBIOFELN LR o TE T et & yBBARFEIRIT T 7
k &4 % accidental coincidence TH 2, ZDNy I T T RNL, ut = et +4
FAEEA #8519 %1213 Timing Counter D RFRI 3 EREDS At ~ 45(psec) BULETH D Z
EBRBLONTND,

p — ey FEERZ L —7 13 total photoelectoron £ N, & timing resolution D EfR %
D T ORISR Z BUEL | 1999 4 7 A2 mT R — B2 FERT (KEK) O
Proton Syncrotron 72 U 7B LN T1I = U TIZBNT, E—ALT A N EITRoTHE
R At = 27(psec)(1GeV/c,nT) ZFEERL . At ~ 1/\/Nye ZRRT 57T — 2 2471,

Txlx, A ATORERIGEVE Y 8T v 7T, 20 At = 27(psec) &5 BAF
IREARE ZETHERFTE 200 £72 At ~ 1//Nye £V I BRI Y S5 TW D
DNEFRDT-8® . et timing counter D7 1 b ¥ A 7 ZRUWEL T, 19994 12 Al
B TRV — A SRR (KEK) @ Proton Syncrotron T1 T U 7IZBWT, B —
LT A NEREBET R o1, ZORER. At ~ 52(psec) (1GeV /c,nt) ZFERL 72,
Ei2, At~ 1//Nye 27T 57 — 2 bEIL ARG, ZOZLIiTXkY,
1GeV/c D 7t & 52.8MeV D et D dE/dx DA EET 5 & | total photoelectron X
Npe ZBRTIE . BARME 45(psec) IZBIET L+ e ERBE RO U 4 —% A AT
DAREFRTHEATE D2 R brol,
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F1E " e +BEREROESR

1.1 ZEEROME

BIED . FRLTFWHFT 6 FEED 7 +—7 (u,ds,c,bt) & 6 FEDL T 1 (e,
/L,I/N,T v,) & NG DOMEMEMZ LRI D EMHR L2 ML L TRV Lo TV D, 15
HERIIMHEAER D OB, EEAEEM. BHWOMEEER., MOMEEEHD 352D
Eﬂffﬁﬁfuﬂﬁbfio 0. RV OENEAEERIEEERNREE TR LF—2
=T, EHETEXDIEFEE/NINERRINTEY, oMo 3 >OMAEEH L
IMEZ RICT 50T, FEEHEROMIZIIA > TH7RWY,
=7V hUiE R1L1OX S RICHEISN D, ZottRE,

ng =3 (1.1)

I TIREHFRDNT A—F—D 1 2Th D,

YEBRRRIC B £ 5 3B OH AR EZ NI 28713, ERMEEERICHL T
HF . FOHAEERICHL TWE & 20 MOHEEERICHL T/ r—F v L ETh
DRLFBIFIET Do

KIFRPE DB D AR UEREG 2 Bk 7 354 . BRAEEVER & 55\ O FE EEHIX B4
FARF L BRER S SU2) x U(1 )@ﬁ;TuELéﬂTio@EﬁB%fi‘ i & T, B
*Bﬁf’lfﬁﬁ 3 SU(3) DIE TR S, QCD(quantum chromodynamics) & FEHIFLTWY

b, TIDEF L O TR SUB) x SUQR) x U(1) EWoFr—YHimL o
T3, ZNHOXMBED 55 SU(3) ILBIBIZ T — Y SRR R Y SEo TV B3
BIMHAEEMIZSU(2) x U(1) OF —YxBED BRI Z > TV T, Ko
FNF =R =/ OFHE TITEBAALEN L BOHEEMC AL TS, ZoilEi

HEAR 1 2 3

e (3] )
a 0l6

#£11: 7x—7, LT o
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Tk v 7 ZRF L BHIN DRLFH | SBICR_TEARERE 0 THD W & 202N
i,

my+ = 80(GeV) (1.2)

mzo = 91(GeV) (1.3)

EWOSHBEEXD, Ihie vy 7 AL V), Elo, By 2ARTFREAOEE
D _ERES TRIES LEP FOEBRNH 5N TED

100(GeV) < my < 300(GeV) (1.4)

OHFFTHAZ Db TWVWAE, IHIZ, b vl RRFOEINFEEERIC LT,
T ATFIVHBED BRIBENANEZ Y, KREEOTHDZ +—27 V7 F 38U
ToXIREEEZERL TW5D,

my = 2~3(MeV) (1.5)
ma = 5~15(MeV) (1.6)
me = 100~300(MeV) (1.7)
me = 1.0~1.6(GeV) (1.8)
my = 4.1~4.5(GeV) (1.9)
my = 180 4 12(GeV) (1.10)
me = 0.5(MeV) (1.11)
m, = 105.6(MeV) (1.12)
m, = 1777(MeV) (1.13)

BEEHROPSATIL, VA7 VT 4 — +1 ODEARETHLIAHEE=a2—F ) /»
FIELRWVWERESN TR, 2D E XY vy, P3DD==2—FJ ) DEE
LT _XTOTH D,



MEFHOBRIITFHEERTERSND, ERHALEMAOMSIT, ERMHEEIERND
HEETEHEOWEM o = 1/128 (Q* = M2) & sin? Oy = 0.2315 2 VT, U(1) DFEA
TEFDME,

Z—W ~0.0102 (Q*= M2 (1.14)
&, SU(2) DiEAEHDE,

g ~0.0338 (Q*> = M?) (1.15)

47 z

EWIHETH D, el IEMHAEEADOKEEEETHY ., O0yiXT A =7 A LT
., BEv7 AEEBICHESTHTLS AT A—2—Th B,
WA OBMSIIFEERTHRT L.

as ~0.12  (Q* = M?) (1.16)

Thd, (EEL. M,z 2RV ODBEETHD, )
BRYERGR OO 2 CEBH A ORI T SU2) OHEERIZ. 147 Y
T4— -1 DEFRETHIRDO L S REEE I +— 7 ODHRIEMAT 5,

u C t
(), () (),

ds bl BTN EDIE, ds,b NEEDOEAFRETH DDITKL T, 4’8, b B
SUR) HEMEROBERRETHDZ EERL TWVD, dsb & ds b OFIZIE, 7/
M-2)NFTF0 U (61, 0,03, 6) \Z £ o TRD X 5 REMETREAIEN TV 5,

d’ d
s’ = U(01,92,03,5) S (118)
b’ b

INKAEATHI U (61, 0, 05, 6) 1

—id

C1Co S51C2 S9€
U(Ol, 02, 93, 6) = —S1C3 — 01823361(5 CiC3 — 818283616 CoS3 (119)
$1S3 — €159C3€®  —c183 — S159c3€0  cocs

c; = cosb;, s; =sinb;
LWV ) RIRT, BATHIER DHEXHEDS

0.9740 £ 0.001 0.2205 £ 0.002 0.0033 £ 0.0008
Uil =1 —0.224+£0.016 0.978+0.004 0.040 & 0.002 (1.20)
0.0084 £0.002 0.039 £0.005  0.999 £ 0.0002



BT e R | pub7 b |71V M H
7wt 0 0 0

ut -1 0 0

vy +1 0 0

£ 1.2: 7" = pty, FISICEO HRFD LT b

EWVWHERT —EANEBELNTNS, 2L,

s1 = 0.220 £ 0.0018
s3 = 0.039 4 0.003 (1.21)
82/83 =0.08+0.02

RN

6, ~ 0.222(rad)
6 ~ 0.039(rad) (1.22)
65 ~ 0.0031(rad)

EINRARNATIND /NG A—2 —DENREH I D, §1% CP IHRFORIREZ S k
THEERNT A—Z—THHN, FEEHRTIT. 0£0ICKD, THK AV D CP
DI ZFHAL T\ 2D,

SHIZ, QCDD T 7 TV TN CP &k & 5 REETTIMATRED | 75T
HDHOENINRNT A= —RNBHD, ZOLREX, FHEFOBKIIEBFD RED
5N TWT,

f<107? (1.23)

EWNWHFERIZ IR STV B,

Flo. BEHBTIIV T P OB (RFORBED 12T, VI b 41, kb
TRURBIE 1, 74— a2 biE 0) B e u,r TREIUCONTREFEL T
W5, Bl LTat OFREE—RN 2B TAHD, BEEHRICL>THFIN TV DH
BEE—NI,

Tt = uty, (1.24)

2, WA CTH D, TORINIBIT DRIBEDOLVT S BEHDTZD, ZDONn
WCBRIETAHRFOLT Mo EER121ICEEH D, 2O L HIT, EAEHGTIIS
DEIE TV BT e, 7 TRUEUCOWTRIEL 2T HUE R S 7200, 2FE D,

= v, (1.25)



7t — uty, (1.26)

2E DRI, RISOREIE TV b DS e,u,m7 THLEIUT DWW TRIEL 2V DT,
FHEHRCIIEIESh TV 5,

1.2 ZHEERZEZ HHHA

IRUEH R &2 B2 DRB P BIED R FHHEFDOBRBEDO—o L WVWR 5, LITICHEYE
iR & B 2 DB & 1L DN TR B,

HIE TR X 21T, (1.1). (1.2). (1.3). (1.4). (1.5). (1.6). (1.7). (1.8). (1.9).
(1.10). (1.11). (1.12). (1.13). (1.14). (1.15). (1.16). (1.22), (1.23) BE, 6§ D
RELDNRT A—F —%  EEHRIEA TS, Thpx, SUB) x SU2) x
U(1) DXFEZ BT L DR RE REEEL FFOBEMTHOR —Eime Z AU, &
DT NVCRRFBRBE I CTE D0 LARY, LW OHIRR B D,

F72. SU2) x U(1) DM—DBARZEETH Y, 2 DDOMSLe B ERE LEL T
ZEIERNER DD, T DREEERE SUB) DB EMb AR — SN HR&ET
bhHH, Thh, FEEHEREEZ 2RLOEED 1 O TH D,

EHIT, A== HIFHTFICkoT=a— ) JEFHHBHEN, ==2—F
UIWCEERHDZ ENDY | BIEDHFEEHRICEENEONTZ &b Z DB
D12OTHD, ==2—r ) JIRENBEZD L, LT M OT7 L ——RIEPEN D,
AU, BADPRBEFHEL TWD ut — et +y RELRILFHETH D,

UED XSRS & SWT | IEEHRE B k4 RRAN R INT, ZD
120f1E LT, SUGB)GUT DRFEFEERD 5, SUG)GUT X TREEZ TET5
D, T DREFEEBRDS Kamiokande & Super Kamiokande T1T72 9417z, SU(5)GUT
BT DFME ERAET—F p - et TI00FLE FELE, LML, EEOE
BRCIIBFREIRRAINT, B SUG)GUTIRIZESGESNTZ, LR -T,
HiffiZe SUG)GUTIEXE Th, KX H 5 Z ENE#EINT,

1.3 ExTFE

AIEI O B2 SU(5) ORIEE R 2 FBE LT, AAHEGmOBEMS . Bt
PEBEER (super symmetric theory, SUSY theory) Tob 5, BIFMELIIR Y &7 =
NIF U DOROMFETH Y, ZOMNIHOERICEA D BEBROFKEHEZEL <
BKCEDZ &, BRI U AL EZ T TICEBETE DAEEMERH D Z &I
b, FIFEDSUGB)GUTIZESNWTHDOM—%2E 27846 &, SUSY #E0 A
72 SUB)GUTIZESWTHDHE—2 B X T2 HETIL, 3 2D DFEEER DM A

7



Coupling Constants 1/a{u)
&g & 3 3 B

g

10 10 10° 10" 10> 10° 107 107 1 1d® 17 1d? 197 1d* 1d° 1d® ad7 1d®
(Gev)

Mass Scale u

& 1.1: SU(5) GUT & SUSY SU(5) GUT OfEA EEDF

AT =T K DRBEDO LN RIS, SUSY SU(5) GUT DFE . 9 £< 35D
FEAEEN 1 RTRDS, (K1.1) 2ok 5z, ExtFttix, SUGB) % X v ki
HLDIZTDHDTHD, SUSY HigTidk, VT h D7 L —N—RIEBRN S Z L2
FENTND, ZiUL, BAPEBEZEIEL TWD put — et + v AAEED X 9 7o Bl
IR CIX LI TV AT — R 2 [REIC T 5, 2E L TIT, SUSY I &
Dut w et +yREOT7 7 A2 B AT 7T L %K 1.21T7-7,

1.4 L7272 —N—REOHN

RS OMHATIX, LT by 7 L—— (e,u,7 D 3TEH) I, TR UG O T
THRIFT D, LZAR, BITHERRTL 51T, SUSY D & 5 RN FTET L
VT R T U= R—DREFPII D & O RBRE— R TH L L, A—"—
HAIFH T D=a—F) JIREIOBGRT, BEICLT b7 ——DRFD K
NIZBHRTH D,

VI RV RN—RIEFOWNERRTD2ER, FrZ p b e D7 L ——0DIK
N PRDERII. 1 e conversion EFRE A DFHEL TWD put — et + y IREFER
MET b b,

w e conversion EERIL, + DEBEREZFFo TV DRI p i I T 572012 4~

8



[ 1.2: SUSY IZ & B ut s et + yRREEOX AT 7 5 A,

JRFEZ Al | Ti | Pb
F#n (usec) 0.9 0.3 | 0.06

Sy (Br(u~N — e™N) / Br(pt — e*y) (107%) | 2.6 [ 4.1 | 2.9

7 1.3: p e conversion EBRIZBIT 5 p - TR D FHfn & 43I

E—2EEHT S, BTEICHEINT 1= B, TRENDOREFEITKIGL 72 F 6
Te ITHRETIBGEZIRBT HFERTH D, e conversion EERICKIT 5. T
NOJFRFREITHIG L T Ffm L b E R 1.31EL D, £ 1.3ICBNT, 522
ZEIIRD2ETH D,

1. FMIERT D L. - BEDFEA 2.2(usec) (T 1 HRNI W,
2. MIFHIZIER T DL ut — ety BAERICHAT, 3HVI SV,

p e conversion FEERIL, 1. OEEIZ XY BV IV A —AZ T D, HAER. e
X, pm OBERE M, LERFEOREZRALFX —§ 2 HNWT, M, - iBEOREV\T
ANF—Z RO TRONHLTL %, 2.8V, x5 &idput — et +yHRBEER K
DH, EDIEHMCLPEISRVWEARE, LWVWHTZ ETHD,

S BIZ. peconversion ERRIL, FEFITRARAN Y 7 7T NRREE RS, 1
Sl L B L, RSN 4 B EN TV ARG HCBNT, 4 — e 7o, &



WORREZ L T, e BDIROHTLS ANy I 770 RTh D,
ZIT, FaDFHEIL TWD put — e 4y BAEEIRIREERDS W E2R~72 1 e conversion
FEBREE DX HITE I OPITONTIER D,
1 pDEY DRFECHESN 250K e, EOBRMD ut € — L% V5,
2. RO L TL % et DZ=RLF —0 52.8Mev/c Th D /MhEW,
3. X770 ROHIENG L — DKW DCE—AZHEHT 5,

DX, VIR T LA REFERLIRAAI I EI ERF M0 DIERITAT
RPN TNDDITTH D,

LB oT, BADBRBEFEL TS ut s et +yBREZRATHZ 1T, 1Z
YRR A B2 DML RS ECIREICEHERZ L TH 5,

10



F2E put s et +yBERERICSHIT S
et BAZIVT AU E—

2.1 put — et 4+ BEERER

TAITAIEICIRARTe pt — et + Y RREBEEZRE T HERE . A A A0 PSI O &
ROBEEFFO u+ E—2E2HNTITR I Z L ERFIL TWD, BIIEEETDLEZ A
MEGA FEB 5] 12 &> T ut — et + 4 BEEDO LIRMENRN B SN TRY , @ED ut O
BEETHD pm = et + 0, + v, IS TDRIIICL T11 X 107 TH D, #—F v
MY TEIESEZ pt 2, ut s et +yDBRBIC K s TRITHET D L | et &
v EIEND pt BT OBEED T H T2 5 52.8MeV DT R/LF — % Ko TR
FIZRA TP Z i b, ERNy 7T RIZEBIOFERNORK L Tzet &
YMERIZFEIRHZ I T R ENDAN RO TH DN, et & yDTZRAF—L AL
BABRICHETAZENTENUE., ORI T TR ARV M EELETZ LR
WEELERY . ut o et + 4 BENEE EICITREC Ay 7 75T R LET S
TEMFREL 2D, T DOBA RV b DO — =T v T RS T 72 DI R
IRE T EE D5,

T TARY MK DR B(ut — et + ) BBIED pt — et + y AAEE LRE
EEARTIUIWNTROVDOER, WEREZKRATEZ D,

1 1
N, -T-(Q/4r) X €e * €y * Ecut

HEEE N pt RO IEBEEE, TIZRERF., QIIBRHESONHEA, ¢ & ¢,
IXBEET. yBROZNENDRENE, € T4V MERBIOZIFRE Lz L Xz, U
TOMRENERINTZET DL IS DEE BIX

N, =1x108sec?, T = 2.2 x 107 sec, Q/47 = 0.09, €. = 0.95, €, = 0.7, €cyr =
0.8, L AREbLLONTWVWAZ E LV,

B=094x10"

720 BIIEDOERTHLNTND LIRIEZL 2 ~ SHWET HZ LN FREL R D,

TDZLIZHESNWT, p e+ INA—TIEZ DL I REREOHE SN S
#5% design L7 b D% proposal IZE & O, FEFED 5 AIZ PSLIZIRHL . 7 HIZER
ARSI,

B(ut —w et +9) = (2.1)

11



Lig. Xe Scintillation
Detector

Lig. Xe Scintillation
Detector

Thin Superconducting Coil

Muon Beam ‘v\;,’ﬁ Stopping Target
¢
e\ Timing Counter
Drift Chamber g

Drift Chamber

im

2.1: 7 47 7 Z —2EOEIX

p—e+yZ V=70 design L7z ut — et + v FREBERREROBRHIIRE <45
T UTD 32D HRoTnS, (K 2.1)

1. y DZRLF =KL A I 7RO Xe B2
2. et ® momentum BHHAD et KU 7 hF = /N—
3. et DEAIVT KRB et ZAI VT I F—

3. OBEBIXNI 2.2 D X 572 design TH D, 22T, N 7777 FNE+HEL
W2 D7DITNE, et DXAILVT Ly DX A IV T DE AL, B o T,

At = 63.8(psec) (2.2)

T MBETH D L estimate SILTW D, ([7] )

WE, TD Aty & 010 & F <o Xe MHZRD timing resolution & oxe. et # A
¥ 7 AU Z—D timing resolution & giming & &< &
Ut20t = 0)2(e + O-tQiming (23)

"C&)ZDO b\i\ OXe = Otiming kﬁﬁ#ﬂli\

Otot = \/io'timing (2 4)

12



X

X 2.92: XA IV T o Z—OHBN

CE 7‘:;‘ 50 ZDZ CI: c]: D v Otot @D E*/%’fﬁ%f Gtiming D Ei%'{Ec:jﬁ%LEﬁ—k N Utiming ~
(Ttot/\/§ SL/IN

Otiming = 45(psec) (2.5)

L7725, O timing resolution (X, ZAVE TORERNLHWL T, FEFITERT S
DIZHEERETH 27,

13



main counter

TIL T2k

DeflL

-

beam — n

BIRRS
Def1R Def2
TR

2.3: HIRIODEBRDOYE v v T v

N

S | —
B |

T2R

§\§\§ \§\§§\

1.3m 1.8m

scintillator
2.5-inchPMT

2.4: HiEIOE —ALT A ND I v Z—DOWE

2.2 HIEBIOE —LTXF

BIEID BRI IR T2 K D1\ Opiming = 45(psec) &V D K 572 R4F72 timing reso-
lution Z 5Lk T DX A I T AV Z—id, THETIEHIZ R0 T, £h
FE OEMREEZEBTE500E, BATIE R o7,

LU, p—eyZN—71%, +H3BEBOFL—ral eREIE, £
REBRDHFTHED LIAUT, FEAIZITF4372 timing resolution 2343541 51§ T
HoHLEZ. TNEMERT 2 FERE 1999FD 7 T, T pLX —WEZA SRR O
Proton Syncrotron 7 2 = U7 KON T1 = U 7@ 7+ & proton DIRAEE —ALT TOF £
BRaiToTlc, (X 2.3)

FOLE MESTN T Z—DBBE K 24107 F, TRTOREED DD, v
FL— 5 — (BCA04) DWiTE & VR 37210 DI EE % #5572 PMT(HAMAMATSU
R6504S,¢ = 2.5(inch),19 Bz, TTS(Time Transit Spread) =470(psec)(H.V.=2000V {Z
BT 51H)) 2 Huvie,
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beam

35mm

X 2.5: E— A0 B EIERE

Elo. FBIEIOEROE Y b7 v 7 &K 2.31RT,

DX RFEREATIRN, AV F—DMimiAHL DO TDC DZED timing resolution
EFANTAER, 1GeV/c Dt TH Y F—HT VK 2Tpsec & W 9 1id TR HEBRIE
BELIZ, ZOMITBEELY b KBICEY, 512, ADC Mean 22 #HE SN
% total photoelectron 2 Ny (259 2 K7 % 72 >72 momentum (1.0 GeV/c, 0.9
GeV/c, 0.8 GeV/c, 0.7 GeV/c, 0.6 GeV/c, 0.5 GeV/c) Dt & p DF —Z i~
FER. X 2.6 DX S RFEBNH Y, &S T timing resolution DR E->TNBZ &
R Tz, B Npeyip 15 1GeV/c D nt B 25 D X DI h U v ¥ —% Foh
DEEBECEBL /2L EDETH D, EMSFEBIEL A/\/Npe/Npeur + B+C(A,B,C
i fit OFRED) Tfit LIZ#iBRTH 0, MRS Defl (X 2.3 ) D FL—F—D
R TOE—ADKEFADSLDERRNVBDEREL LY I 2 — a O
RTHY . 1GeV/c D 7t THI 25(psec) & W I ERHFH LT,

ZZT.RDAT T L LT, PSITITRONDARERTHWOND IV F—
W2V, £V realistic 27’ v N2 A S EBYEL THO, B —AT A NEREITR D
TlllLi, REBROXAIV T AT Z—DEE K22 DX ¢ FHEIZY
VFL—H—%ESTH I ERFHE SN TS, Y FL—X—DWiE» ST
HAHEZ R WEREOWHERIDIASE b o7 PMT 22 FL—& —ZEE L Ribnian
BEERHDLLEWNWHIZ NS, Vo FL—ardtEIA T ARZNLTPMT O
HERECELMLERD D, (K2.7) LB oT, FilEIOERIZHART/HNE7Z2 PMT
ZERAL. PMTBR A M TAREZNL T FL—F—|ZEESNTWDE LI
Iy E—TEHERBIOFEREZITROMENDH T, £/, PSIICEIT H2ARERIZEBW
T PMT &, magnet D) 1(T) &\ 5 BBESGORE FCTIEEIS W 5720, BGERE
T CHEB)FIEEZR fine mesh # A 7 DL D EZMEHTHMENRH HDIEDN | ZDTZHIT
IDIT p AZNEMHIN DG EESNT HODOREEHT L L b BETE

15



35

30

25

20

15

10

0 0.5 1

15 2 2.5 3 3.5 4
N /N

pe MIP

2.6: 0 & total photoelectron £ N, DFHEE

PMT

scintillator light guide

2.7 A MNTA R BT FL—F—
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scintillator

2.8: u A ZNEIY T IR
Thd, A MNTAREHEZE p AZNVOPNODORIZERE SN, PMTIZY Y

FL—raleBFEdol e TES, (K28) TOERTHY »FL—F—IC
TAMNTARBEET D LIBBERNE Thol,
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B3FE RAZIVThOE—HERD
s ] 50 i e B B SR B

bbb 4 E, 1-inch ® PMT 2 HWTC, 3FEEOWHEE 7 A MTARDHDHD
ELBRVWLDDTF AN —DRBRDFHOARDIA IV T HU s X —RBUYEL | 3K
PO T SARFAMHCRS BICHE T, ZNENEPELBRICDIT TE—LT
A NEBRELITIR o7z,

LI . EBRO B, EREBOIEM, U —ATF XA N ERBEKDZ LITHOWTEEL
SRBZ LT3,

3.1 =EEROBM

1. RIEIOE —AT7T 2 N THZIEFHIZ BV timing resolution 23 1-inch @ PMT %
HLUIEGEICE ZETREN DD E D,

2. A EIEAEL 72 timing counter @ timing resolution 28 ARSI HEIZIT TIRE D D
ZHND,

3. 2.0V FL—F —DREIFEOE — LD EBENX L T, timing resolution
BE DR TNDENEFND,

3.2 REBERBEOFHMH
3.2.1 1l-inch fine mesh PMT(H6152-01MOD)

AR D FERTHEML 72 Photo Multiplier Tube(PMT) DX &7 U —& —dD B[]
ENER, X 3.1 K 3.212577, Z0OPMT ORBIIIEOHIMEBEEZ NS &
& . Fine mesh 72, BMIGRE T COEBN BRI L TH D, ARIZZDOF A
7O PMT % 6 KHEL 7=,
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% 3.1: linch Fine mesh PMT
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X 3.2

20



3.2.2 PMT @ gain check

E— AT A NEITR IDRNZH 52T 8 PMT @ gain check #1772 272, £3°. PMT
D gain L 1EE SV DO FHAT 5,
“RETHEHSIIF A —FEOBEEOBEBETHY, ROX 7RI L-T
xRIh b,
§=a-E* (3.1)
ZZTaldE#., kITEROMEE - METRED, 0.7~0.8 DiEZ L 5, JEEND
B ENTEHB T LI, F—F A —RICAKH L TZRE TR Iy 2T 5,
ZDREDEFE—H A ) —RITBIT 5 ZRE B 6, 1ZRD L 5 eXTERIN D,
_la
=7 (3.2)
SHICZDBEBFIE—FA/)—F 5FE XA /)—F 5. FnF A/ —FEAX
TF—RRICHEGE SN D, B _F A/ —F %O n B HO _ZREF L 6, 13RO &
IRATREIND,
Idn

Oy = T (3.3)
PR [, (3. UTOXRTEZ LN D,
Ly=Ic-a-6 -0y 0, (3.4)
SbiT,
;f-:z -8y 0y (3.5)
ZIT, alIENETHD, TDa-6 -6 ---0y & gain EWV, p TET,
=088y -0y (3.6)

L7zl o>T, a=1&L, KEFHEEEDY A /) —FOEEn & T5HL, ERET
NAF DG, gain p OHIINEE VIZxd 22T RONIZR 5,

\%
n+1

(727l A=a"/(n+ 1" THD, )OFEV ., gainlFFIMEEO MK THZZ &
NhhoT,

AFEEAL 72 6 2D PMT @ gain check i%, K 33D X972k y T v 7 TiTleo
o TOFRERER 31ICE LD D, CA3220TDVTIE 2000V LA FOEETT U —
F—EEDORFARH DL 5 TH D, TNLSNDEDIZONTIIRMEED EFITIG
L Tgain b EHL T3S,

w=(a- Ek)" =a"-( )k" =A-Vkr (3.7)
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Clock generator

film filter
TTL pulse

100 n sec delay

Gate generator

ADC

discri

3.3: gain check D& v b7 v

| | CA3218 | CA3229 | CA3181 | CA3136 | CA3015 | CA3116

1800(V)

8.7 x 10°

1.1 x 108

1.0 x 108

1.0 x 108

1.1 x 108

7.8 x 10°

1900(V)

1.2 x 108

8.0 x 10°

1.5 x 108

1.5 x 108

1.5 x 108

1.1 x 108

2000(V)

1.4 x 108

8.0 x 10°

2.1 x 108

2.0 x 108

2.1 x 108

1.5 x 108

# 3.1: PMT @ gain check D#&5% (# : Serial Number, fit:PMT (2> 72 EEJE)

3.2.3 YUFL—4—

SEHAW Y o F L —4& — (BC404,BC408) DFtEE K 3.210RT, £z, RO
i CHIT < A2 R1¥ D Mainl,Main2,Main3, # *® Main1,Main2,Main3 &5 A 7
X —D 9 HHE D Main2 2% BC408 2 AW TRV . L LIFNE BC404 = FHW T 5,
SEDOEBRTIEI6 ROV FL—F—2HNTHEA IV T Iy Z—%BEL, &
BREiTiRolz, TNHDY U FL—F —DRHET A7 b DIZ RS & rise time
DRV, £, & 3.2H D BC404, BC408 DY 68%. 64% &\ S fEIZMD BC
U —ZXD BC412, BC416 D 60%. 38% & W\ Y EIZLEANTRE, THiFR b
BOZNW U TFL—F—EFBATEHEEBD1 DThH D,

324 YUFL—E—, SAMHAF, PMTO#EE

A B0 EBRTIER0R realistic RV ¥ —TH D FL—F—IZ PMT % BE#
BELEZAT (K3.4) L, LV realisticR AV ¥ —ThHDHV U FL—F—IZT A
"NTAREEEL, ZOT A M ARNIZPMT 285 L 724 47 (K 3.5) D 2 FEHED
EAT N, T4 MTARDYKIIN 3.6 DK 572 PMT DHEHRDKE SIZU->
720 EFLCRE ST >TD, BAEANT optical cement(BC600, EITHR=1.56) &
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Scintillator name ‘ BC404 BC408
Refractive Index 1.58 1.58
Light Output [%],(%f Anthracene) 68 64
Rise Time[ns] 0.7 0.9

Decay Time[ns] 1.8 ~ 2.1

Pulse Width(FWHM)|ns] 2.2 2.5
Light Attenuation Length[cm] 140 210
Wavelength of Max.Emission[nm]| 408 425
# of H Atoms per cm?(x10??) 5.21 5.23
# of C Atoms per cm3(x10%?) 4.74 4.74
Ratio H:C Atoms 1.100 1.100

# of Electrons per cm®(x10%) 3.37 3.37

Principal uses/applications

fast counting

TOF counters, large area

7% 3.2: Scintillator @ K¢k

scintillator

PMT

34: A MNTARBRLD T v Z—DHE

scintillator

light guide

PMT

35: A MNTARKMEO I ¥ —DRF
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1-inch PMT

17.5mm

3.6: PMT Ot D EAE

=,

3.3 E—LTRANEE
3.3.1 E—L

E—AiX 7t & proton DIREE —ATH 5, RICFEHZIRRDD | YIRDZ L7253
b5, 202200 —ALZEHTLINERH D, T D DE —AD momentum (4 [E]
DFEBRTIL 0.5GeV/c,0.6GeV/c, 0.7GeV /c,1.0GeV /c(R DX 4.23, [ 4.25, [X 4.27
® run TiX, 0.5GeV/c. 0.6GeV/c. 0.8GeV/c. 1.0GeV/c) D 4 /8P momentum T
YT T NEREL T,

3.3.2 tybk7vT

BRI AIVT OO Z—DFEMEL T, dem X 4em. 4em X 3em. dem X
2em DWIHIZFFD, XA IV T AT Z—DWEEEZ T A MNT A REBEELZSA L.
L 2D 2 e J BT DN TZEDOHROF I 1772 - 72,

ERIIRFEE B TENETNLRK 3TOL Oy N T v TE—AIZH L TH A
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main counter

T2L
Def2L %

-
Def2R %

603mm |

TIiL

beam —

e
e

%

400mm | 756mm

1390mm

X 3.7: ARy N T v

VTRV —REL TUTRo7c, UTO@EwTIX, AV Z—DELA%X 3.8
DX HCEHET D, o, SEITAF 6 RDOH T v X — % BUYEL =D, PMT A
6ARLD2L 1RDI Y Z—5T ) PMT2 A% o CTHligiAH L ZBZ2oTWH
572D, IIUDITIARDO I Z—DFT —FE WK TRIZ, BODIEKDOAY
VE—IZPMT 2T EZX T, DI, 3RO UV Z—IXRHOEHRIDT- DK 3.9,
3.10, X 3.11, X 312 DX 57 3$Hﬂ%c:%éﬁczﬁzﬁf [FRHZBREEN T X 2 &
DY NT v T EMATE, MBENIL M (K 3.8 Z2H) I L BRI 0T,
NIT—HDOYrFL—ar vy Z—ix TI(PMT ix H1949-50 D imisxHiL
(LATFIZBST 2% PMT ORFIT TN TRRA N =27 2B PMT OBETH 5, )).
T2(PMT % H1949-50 D Mg L) T& %, Difining Counter i% D1,D2 T&H %,
Z ® D1(PMT I% R647 T 1 AFeA72 L), D2(PMT I& H6112 figi A L) I K- T,
E—ADEEZFERL TND, FRHZD2OVF AR Y —iEIX 3.13D KL 51272 > T\ T,
Smmx 10mm OEOE —LEZFERTHHMTHEHL TWD, AL LEIEOE Y
7 v 7K 3141237, 728, Main Counter @ Discriminator @ threshold IX.
Va—D ) A RX%&Glo0NT 720 Range THRBIERW 15mVICREL T2, NI AT—T D
VE—EBAIT AT EZ =X, TDCIZ XY discriminator @ threshold Z# % 7=
H#F’% ADCIZ LV o L= BRN &IN5, AEIEM L 72 TDC(Philips 7186)
53 fREEI 25psec/bin, ADC (Lecroy 2249W) D 43f##EI 0.25pC/bin TH D, F
71\ B AITHT L Z—D resolution D72 DL JRHFAD Ny IKAFMHEZ D72
B, KO X I —DZH L THA IV T Iy I AEEZDT (X 3.15), WE
BEBSEIZLGAIT OV T H N,
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Left
DEAN  m—pe

Right

Al

counter

3.8 WU E—DER
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40mm

_

I Main3L

Main2L

Main3
(light guide)

Main1|1 I

DEAM  —

90mm 155mm 155mm

-

1

Main2
(no light guide)

MainlR M'_ﬁ%
an Main3R

Def

3.9: Hi¥ClfEot-ky v T v/

Mainl
(no light guide)

beam

20mm 30mm
¥ 3.10: BTy b7 v
27
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Maml% MainoL Main3L

DEAN  m—

N

Defl

Main2R )
Man3R

MainlR

90mm 155mm 155mm

X 3.11: B¥CTfEo-Ey b T o7

Main3
(light guide)

Main2
(no light guide)

Mainl
(light guide)

40mm

beam

40mm

30mm

20mm

X 3.12: B¥-TlEoT=ty v 7 v
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Light Guide Scintillator /Light Guide

’s
10mm / g
| |
5mm
beam

313: D2DOY A AR Y —

3.3.3 EEBRTERICITH-=_¢&

1. EBEZ R DAL LGOI > TR E 572D, B —2A0 momentum., &
N —DAEZEBLS®T,

2. ZAIVT AT B —DMREEDNMBEMRFIEL D720, K316 DX S
50mm FEFRD 10 RUIZOWT, BE— LD AFIEZ LS ®., {7, (72720,
BBOAT 7 DL ZAiX40cm M5 43cm D 3em D AT w12 >TN D, )
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oav Lol
[oaL | (e — > ddl
odl {oesuore ‘LOSIp 7 Spote
=1 ), T ——— |
TL;EE@:@ 100 oddl | % Hsip Spoue I_N |_|
oav (o) o
oav (o)
(T I 1 dll
odl (o) eS| 3pote
4 |
|
oaL o)

B T

3poue

BEIPal

Q
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<
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\

X 3.15: 7 ¥ —DAEE

center
| >f>ﬁ XX X X X X i< >F
Left u L—‘\
30mm 50mm X beam

X 3.16: B Vv Z—IZxT B E—bDAFNEDOEL
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FA4E RBOBREZDFRLED

BUWELT=Z A IV T D v Z—% TRV —EZEF5EAT (KEK) @ Proton Syn-
crotron T1 U 7 ® 0.5GeV/c~1GeV /c D 1t Hif- & T DL — 2% AV TEREZLT
IRl fERE LT OEICART, LLTF D T timing resolution &V 9 & X TDC(L)-
TDC(R), & L < IR ZAUCHBIL 7 B2 U, 2 DT AR T CRAIT 5,

F7c. ABEIDOEBROMENTIL start trigger counter D time jitter ZFRZAL T, timing
counter HA®D timing resolution & & L 72\ T, TDC(L)-TDC(R) % FIZ B %2
SRR

4.1 fEHWDOFIE

FT. HIE L T1GeV/c D 7t DE—AIZXT D dem x dem BT F—DFT —
ZIZOWTHT OBI 21T 90 dem x dem AV Z—DA LD PMT O 75
N 201253 TADC & TDCIZAAIL T2, 4D D output LA T, ADC(L).
ADC(R). TDC(L). TDC(R) & LIERZ Li2T 5,

4.1.1 pé& at DEH

T2 Z—DTDCETI AT H—DTDCDZEDE AT T 2ERDEXK 4.1
DX DA% L TW5D, T2 start trigger counter 72D T 360~425 D& — 7 73
Tt DAR N THDEZ ERLND, ZOE—=I(ED AR MZOWTLLTD L 9
72 cut ZNTIUL, 7t DARY NETEREBTHZ ENTE B,

T2(R)+T2(L) TUR)+TI(L)
2 2

FARIZL T, p DAY NETEEBL 2WEGEIT,

T2(R) + T2(L) TL(R)+T1(L)
2 2

360 <

< 425 (4.1)

930 <

< 575 (4.2)

DEIHTT B,
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counts

7000

6000

5000

4000

3000

2000

1000

| |

L

350

400 450

500

550 600

(tdc(11)+tde(12))/2—(tdc(9)+tde(10)) /2

4.1: 7+ & p DR
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4500 =

counts

4000

3500

3000

2500

2000

1500

1000 =

500

[ B e b
0 Lol T
o] 250 500 750 1000 1250 1500 1750 2000

ade(14) [channel]

4.2: D2(L) ® ADC HAF ¥ Fb (7F)

4.1.2 defining counter(D2) & timing counter @/ 1 XD RE

4.2, 4.3. 4.4, X 4.5, 4.6, 4.7, X 4.8, 4.9, X 4.10, 4.11.
4.12. ¥ 4.13 ® X 91T defining counter ® ADC(L). ADC(R) & timing counter
® ADC(L). ADC(R). TDC(L). TDC(R) DIEVEANCIE ) A X3 0 | Befetora
timing resolution % #im 3 D BRICITMET H 5,

LR oT, ZTNO6D ) AXEETHEDDLUTD X I 7 cut 3Tz, LLTD
#m CIET N TZDX I 7 cut BT TH %,

650 < ADCps(L) (4.3)
600 < ADCps(R) (4.4)
140 < ADC(L) (4.5)
110 < ADC(R) (4.6)
3100 < TDC(L) (4.7)
3100 < TDC(R) (4.8)
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counts

counts

900

800

700

600

500

400

300

200

T B

600 800 1000 1200 1400

adc(14)

1600 1800 2000

[channdl]

4.3: D2(L) ® ADC HHAF ¥ > %V (p)

4000

3500

3000

2500

2000

1500

1000

500

250

500 750 1000 1250

adc(15)

1500

1750 2000

[channel]

4.4: D2(R) ® ADC HAF % > Fv ()
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1000 —

counts

800

600

400

200

o ST U L L] Cl
0 200 400 600 800 1000 1200 1400 1600 1800

ade(15) [channel]

4.5: D2(R) ® ADC HHAF v > F/v (p)

4000 |~

counts

3500 |-

3000 |-

2500 |-

2000 |-

1500 |~

1000 |~

o b e T I R
-100 0 100 200 300 400 500 600

ade(5) [channel]

4.6: timing counter ® ADC(L) tHA1F ¥ > 1/ (nt)
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2000

counts

1750

1500

1250

1000

750

500

250

o L M e o SR DU BT
2100 0 100 200 300 400 500 600

0de(5) [channdl]

4.7: timing counter ® ADC(L) tH/1F ¥ > %V (p)

5000 —

counts

4000 —

3000 —

2000 —

1000

o L S AR B N RN B
~100 0 100 200 300 400 500 600

0dc(6) [channdl]

4.8: timing counter ® ADC(R) tH/1F ¥ > RV (7)
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1200

counts

1000

800

600

400

200

o LIl el ER N N U SO I
-50 0 50 100 150 200 250 300 350 400 450

adc(6) [Channd]

4.9: timing counter ® ADC(R) H/1F ¥ > */V (p)

counts

5000 —

4000 —

3000 — -

2000 —

1000

L

| . . .
3100 3200

o Lt \
2900 3000

L
3300

tde(5) [channel]

. L
|
3400

. L
3500 3600

4.10: timing counter ® TDC(L) HAF ¥ > R (7t)
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1600 —

counts

1400 —
1200 —

1000 —

200 j
L. [ R R [ Lh

0 .
2900 2950 3000 3050 3100 3150 3200 3250

tde(5) [channel]

4.11: timing counter ® TDC(L) HH/1F ¥ > RV (p)

5000 |-

counts

4000 |-
3000 |-

2000 |-

1000 —

L

. . . . . P
3200 3300 3400

tdc(6) [channel]

o Lo i, \
2900 3000

L L P R
3100 3500 3600

4.12: timing counter ® TDC(R) H/1F ¥ > RV (7t)
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counts

1400 —
1200 —

1000 —

800 [~
600 —
400 —

Y

0
2900 2950 3000 3050 3100 3150 3200

tde(8) [channel]

4.13: timing counter ® TDC(R) HA1F ¥ RV (p)

4.1.3 slewing f#i1E

TOF 517 > Z—® time jitter Zi~%, & L T Main Counter DHHRIZ 1GeV/c
DE—LEHYZ—IZRKLTO° TAFLZE ED ADC(K 4.14), TDC(X 4.15).
TDCvsADC(IX 4.16) D43 4i% 79, TDCvsADC D43 iR bbin 5 & 12 TDC &
ADC ORINCH AEAR HHILD, ZiL PMT OV A% —ED threshold % # %
=iz TDC DfEL L T %728, TDC DfEA time walk & FHEAL 5 PMT D/X
IWARBDPOLEIZ L BDEEZITH1-0TH D, (K4.17) [6]IcLBHE, PMT D
2RV ADSL B Y ERSIE

ft) = A(ti)2 (t; ~ bnsec) (4.9)

r

EITE B, 2V ADSE LY OFFEI% to. threshold V; IZET AKfME ¢, & T 5 &,
t1 — 1o

Ve=A(— ) (4.10)
£-oT,
ty —tg = tr(%) (4.11)
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1400

counts

1200

1000

800

600

400

200

0 1 I I I
100 150 200 250 300 350 400

o0c(5) [channel]

4.14: 1GeV/c D 0° FRAFO 7+ O ADC(L) /15 ¥ > R

800 =

counts

700 |-

500 —
400 =
300 =

200 |-

o [ na
3780 3800 3820 3840

PRI I
3860

tae(s) [channdl]

| I

I TR I
3880 3900 3920 3940

T

4.15: 1GeV/c @ 0 ° FHRAH O 7+ OTDC(L) HAF % > Fb
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TDC [channel]

3940

3920

3900

3880

3860

3840

3820

3800

3780W

O
O

200

250 300 350

we(s) s 00c(5) - ADC [channel]

4.16: 1GeV/c D 0 ° FRASD 7+ D TDC(L) vs ADC(L)
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Pulse Timewalk
height

Time

Vthr I U N

4.17: time walk
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D 1000000
ENTRIES 11989
50 0.00 [ 000 ] 0.00
0.00 [ 0.120E+05 | 0.00
0.00 | 000 ] 0.00

[channel]

40

20

—20

v b b b b b b b B B e
-0.03 -0.025 -0.02 -0.015 -0.01 -0.005 O 0,005 0.01 0.015 0.02

tde(5)~tdc(6) V. 1/sqrt(ade(5))~1/sart(adc(6))

[channel -Y/2 ]

4.18: TDC(R)-TDC(L) vs 1/4/ADC(R) — 1/,/ADC(L) (#H1ERT)

ERD, t — TV AED /L AEDENDD KT L o TELTZ time jitter TH Y
time walk & FEHEN 5, FEERIZIX TDC(L)-TDC(R) & 1/4/ADC(L) — 1/4/ADC(R)
D2wmLT b XVt /V, ZROTUTORIZ KV time walk DR EZITAR 9,

to = TDC(L) — TDC(R) — (t:4/V1)(1/4/ADC(L) — 1/4/ADC(R)) (4.12)

4.18, ¥ 4.191ZMIERTD TDC(L)-TDC(R) vs 1/4/ADC(R)—1/4/ADC(L). TDC(L)-
TDC(R) /i, B 4.20, & 4.21 IZ#E%D TDC(L)-TDC(R) vs 1/4/ADC(R) —
1/4/ADC(L). TDC(L)-TDC(R) 2% =~3

Z Z 7T, TDC(L). TDC(R)\ TDC(L)-TDC(R) ® 0 ZZ L4V 01\ Ok~ OTDC(L)-TDC(R)

i AR
OTDC(L)-TDC(R) = 4/ 0'% + 0'121 (413)

Thd, 2ZT, 0y =0, ~or EIRETDHE, PMTI KD DIFEERZETH S
g1 lj\

__ 0TDC(L)-TDC(R)

o1 =
1 V2

725, LER-ST, AV E—1ARKDE Y OEERZEE ocounter €T DE TV
2 —5720 PMT R 2ARKEEZE SN TNDIDITTHDEING,

(4.14)

O0TDC(L)-TDC(R)

Ocounter = \/—
2

X (4.15)

Sl
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ﬂ 3500 - o o1
c Entries 11989
S L Meon 16.53
o RMS 4,636
O oo L ¥/ndf  64.35 / 25
Constant 3337.
L Mean 16.50
Sigma 4.276
2500
2000
1500
1000
500
ol v v R L
—40 —20 [o] 20 40 60 80
TDC(5)-T0C(6) [Channe”

4.19: FHIERTO TDC HI15F % > xI/v

80

_ D 1000000
T ENTRIES 11990
c 0.00 [ o000 | 0.00
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1D 51
Entries 11990
Mean 18.70
RMS 4625
)¢/ndf 6630 / 27
Constant 3366.
Mean 18.68
Sigmo 4.239
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X 4.21: fHIE# D TDC HAF ¥ v %L

Thd, Leh-T,

(o) _
Ocounter = TDC(L)Q TDOE®) (4.16)

CEHETE D, DM 418, K 420 TEASAVAGBMEIC LIV EF A IV T HU v
Z =D Geounter D> Ocounter =~ 53.45psec(4.276counts X 25(psec)/2) 23D Oeounter =
52.99psec(4.239counts x 25(psec)/2)) L HFHHESNTWVD, TD X 512 ADC cor-
rection DR b F O N2V DIXFEIC B D Z—DEHID > 7 F % BT %7
5TH D, BAEMIHZIE, Vo FL—ya RN A/ PMT I AIUE,
ORIVIFEC D715 ZRO PMTIZHFEIL K BWEL ABIETTHD, £ 9
95& . ADC & TDC OFHBENRELATIEEAERT 72D T, ADC correction DZh5F:
DHEV DI NDITTH D,

4.1.4 1GeV/cD r+t DT—REH

YU ED X 5128 A X2 MT cut 3 LW slewing correction Z1T72 o7 #E4 (X 4.21) .
1GeV/ec Dt % dem X 4em DT A A RMEDH D F—05561 5 timing
resolution 1%, #J52(psec) TH 2D Z & A 90>>72, minimum ionizing particle & L T
BATZ0° FRAFD 1GeV/c D 7t THI50(psec) TH Db, ZOHU L Z—I3H
HTh D,
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NG B— DTF AN —
4em x 2cm (7 A4 BT ARZRL
4em x 3em (7 A4 BT ARZRL
4em x dem (7 A BT ARZRL
4em X 2cm (T A A A FAF&E

(
(

AT ARAFE
AT ARAE

4ecm X 3cm

DO | W|IN |~ B

~— [ [ [ — [ — [ ~—

4cm X 4em

F4.1: 6FEEDO U X —D HEk

4.2 #kR7EIHE D timing resolution

RITED & [EIAR 72 fi#AT 2 £E 4 72 beam momentum, Y FL —F—DIF A b I —,
beam (Zx3 2 HEDOELIZ OV THEN 24TV, LV IREHFEOEEIZKTT 5 timing
resolution DIKIFHEE T~ 5,

4.2.1 6FBEOHADIUZ—DLHE

AlEl, FADNEEL 72 6 EEDO U V2 # —% momentum 1.0GeV/c D 7t beam
IR D AE0° OSMETHERLZHEREZK 4.2212777, KNP oo E Y
VE—DREFHIIR 41D L) extih o TnD, TOLICTA MNITARNFED
A7 Z—DJiH Timing Resolution 25 B\, T, AL FL— gy
HDOILHFEVKFHETICAT L Z—DOMICEEL I E T A MTARICL-TE
D%, PMTIZENTNWDZ ENZOKRERBEHEZZ DN D,

Flo. FAMNTARBLOAD Y Z—FLTHET DL n=2D 4cm x 3cm D
FARNTARIRLDH D % —O Timing Resolution 23 B < 20\ D%, o B v
2 —® BC404 & 138> T, BC408 Z W Z LR FRTIZ RV EZ b 5,

FTAMNTARMNEDHI Y Z—RILZHKTDHE, IV Z—DEBBPHETITL
72H3 >, Timing Resolution S B 72> TWNW5Z L &2RBL T3, AL LMHTH
RIEGZE, TANTARBONTNSE EWVWIRIHETIX, XENSZW AT X —FE
KV Timing Resolution 3§65 LW 95 Z LR TE %,

422 SGACTARLBLDHDI U 2—D1EEE

4.23, ¥ 4.24, ¥ 4.251ZFNEF 4cm X 2cm | 4em x3em | dem X dem DA T
v B —=IZOWT, K 2.6D X 972 Timing Resolution(psec) & Total Photoelectron 3
OZ RS, 2L, E—AZHL T T X =N TELT (0=0°), E—A
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® momentum %X 4.2372% 1.0GeV/c. 0.8GeV/c. 0.6GeV/c TH Y | X 4.24 £ [X 4.25
23 1.0GeV/c, 0.7GeV/c, 0.6GeV/c TH D, BE—Aidat bpbplot LTH D, KHFD
HHED 7t THY , WARD pTHD, RF 0L ED P1,P2i%, Timing Resolution =
P1/y/Npe +P2 T fit LR TH 5. BT error bar iX, ADC % Gaussian T
fit L7z & & OIEHEFZE% total photoelectron ZUIZHH L 72 H D TH 5,

EDATZ—IZONTHEERDZ &L, 771X 1.0GeV/c 2B 0.6GeV /c D mo-
mentum Z{LIZxt L T, dE/de DEALR/NS Wb 777 EOFRLC L H57ee T 5
WAL TS, pld1.0GeV/ch B 0.6GeV/c D momentum ZKIZX L T, dE/dz
DEALR RKRE WD | B — 5D momentum 23/ E < 72 51224 Photoelectron 43
BIFNZHAL TWD 003005, & HITHIED 2.5-inch @ PMT Z A L 72§ &
L T, BREICBBTE DL 52 PMT OEZEEZ/NELT5E, FEFEIC Timing
Resolution 23 <L 72 5 TW 5,

423 FARHARFEDAY L 2—D1HEE

WIZT A NI A R %&AFiF 72 R Timing Resolution 28 E V72T EIFEL . E7EiT
RIEORREHEFF TE 202 R THD I EICT D, M 4.26, X427, K 4.2812%h
Z#l4em x 2cm | 4em X 3cm . 4dem X dem DA T F—ITONWT, 26D KD
72 Timing Resolution(psec) & Total Photoelectron BDOMEZ /RT, 7-7ZL ., v —
DZHLTAHY Z =3 TELT (0 =0°). € —2AO momentum %X 4.26 &
4.28 %3 1.0GeV/c. 0.7GeV/c. 0.6GeV/cTH Y | X 4.27% 1.0GeV/c. 0.8GeV/c.
0.6GeV/c ThHD, E—AlZatbpboplot LTHD, IFOIENR 7t THY ., I
ABEIR p THD, EDOVA AR U —THHELT T Timing Resolution 23R FE > T
WHZ EEBFRBLTWDS, o/, ZTCTHERI LITLTRLETIANT AL
DAY Z—DE) o7z Timing Resolution NWE I THEY |, 4em x 4em DAY
Y E—2 PN E | 1GeV/c Dt THI 50psec @ Timing Resolution % gk L Tu»
DB/ CED I H—THHI LR LI D, X4.2930° ), B 4.30(40 )
I20.6GeV/c, 0.7GeV/c, 1GeV/c Dt & p DY — LD ANAEZ B ERT5E
@ Timing Resolution(psec) & Total Photoelectron 2D FHRE% <9, WEEDOZE1L
WIS C THED momentum 2k & [FER72 T — 2B HBo Tz, &EICA . AL 2FEH
DAEEDT vy & 0° AHObDEZERT —F %K 431777, ZOfitLk
HARIT T 2y FOBLLZNWZ L L HIBEFHLTOREEITH D,

B 4.31 ® 1GeV/c 0° HRAFD 77 D N,e £V, AL ZATORERTHET S
52.8(MeV) @ 0 ° FRAF D et D N, ZFHEL T, e ThH D& ENTET D Timing
Resolution 23 27>, #ET 5,
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7t D dE/dz Tk THzZ b b,

dE mc? mc?
Iz (MeV/m) = 477§ 2° 7 —NZ|— ln(

i, et D dE/de ZRARTHEZ BN D,

%) +In(1 - §°) + 57| (4.17)

le—f (MeV/m) = 47rg2? 52 NZ{I (L '}Y_lmCQ)
52 14 10 4
2 In 2 4.1
BT T e T e T (4.18)
72120 BREEE rg I HARE LR, mE IXBTFOFIEEETRLX —, NIX,

KA BEDWETD 1 (m3) B2V ORFOEE. ZI3WEDRFE T, 2 TSR
FOEM .. [IIWEOYENERT ¥V TH D,

1(GeV/c) D1t & 52.8(MeV) D et ZIHFTXAT DL, ZNOEDERB L3, 4
1%\ 7o = 2.818x 107 (m), me? = 0.511 (MeV), N = 9.95x10%, Z = 6.240, z = 1,
I =42.18 (eV), Bligev/e)n+ = 0.9903, Blsasmev)e+ = 1.000, v|1(cev/e)r+ = 7.197,
V]s2.80Mevy,er = 103.3 LFHETE S, N,ZIZR 322ZRLTHELZ, ZhbH oD
(LN

E

b — 94.95 (MeV /m) (4.19)
dzx 1(GeV/c),n+

dE

— =71.90 (MeV/m) (4.20)
dx 52.8(MeV),e+

kfﬁé Xo T, \-ﬂ%@klﬁk—d]@'mgl\/{ev e+/dm‘1(;ev/c)7r+ =N
k= 2.882 (4.21)

L5,

L7 ->T, dem X dem 74 MU ARMED U Z—IZ et 55 52.8(MeV) TO°
JUZ AHT 1T, 260 x 2.882 = 749 fE D photoelectron A HT X, ZiUIXX 4.31
D fit L7B% o = 627.9/1/Npe + 12.35 1THRAT 2 & #935(psec) &5 ERED
ns, 2, EECHHOLTHETH D,

4.2.4 E—LDASGEIZHT H1ERE

X 4.3212, B —ADARNMEIZTZ\WT B ELADORRZO b ERJIE L 7 fER %2R
To 4x4DTAMTARFEDHI T Z—T1GeV/c D at ZREL LHERTH 5,
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#0447 171D error bar I£. TDC histogram Mt —2 % Gaussian T fit L7z & D | £
HERZED error ZREICHREL 72D TH D, B — LD AKMBEIZKT D EL DK
MZEDEL > FVESICTER LICO>TWVD, ’F Dz =25lex(cm) D& ZAD
error bar % fit L7ZEMRTHHMET 5 & . KERETH lem THDZ L3025, OF
D, 2O F—DMEREITK lem THDZ LB¥bhoT,

S BT, £ D resolution DALEZEH K 4.33127R7F, WU Z—DHENGTH
22 L7235 T, Timing Resolution (I RLERLRENEZ L TV D,

4.3 EE

7 A4 MH A K %47 T Timing Resolution 23 E NIZTEIET 50 % R TH D&
1GeV/c D 7t TO0° FRAFDIENK 52(psec) IZFEFEL 72, LA, Timing Res-
olution(psec) & Total Photoelectron $(DFBINY A/\/Npe + BIZ fit TX DI L &
RLTWD, Fxld gain DE 1-inch © PMT ZH31UL, 52.8MeV D et D
B REBROBIEETH 2 45(psec) & LD Z ENHITHIFRFTE 5, bitbi
WRIES D & X, +§7\’>—?\%:{% I EEK 43 DIV TFLDOE—TIZHL
T thresholod 28 + AR 2D /) A A DR NWZ L TH D, ZHIEZINETO
PRER) D | threshold 2MEWNEE | Timing Resolution 2 B< 725 Z & 3073 > T
HZMHTHD, Zit, Yo FL—va BB RELTHDL, LOKIZ BRTH
FOREETICPMTIC A HE R THNDZ LICHHEL TS, EDL BV, K
HEFTIZC PMTIZ A TE ez RS 2729012 4cm x dem DT A A A F A&
DPMT DT —F &b eIV Z—FHONOEELZHEL TH D, X 43250
(2% 1072)(m)/(126.6 x 107'2)(psec) = 1.58 x 108(m/sec) TH b, ¥ FL —F—D
BC404 DJEHHIL, 1.58 THIDTIN LV HAEL v v FL—F —HDIDOHE
1% 3.0 x 10%/1.58 = 1.90 x 10%(psec) ThH D, L7 >T, ERT —& L0 B -
7z Timing Resolution % & TV> % Jtid conversion point 2> EHEL T PMT IZEW
7RV % 1.90/1.58 = 1.20(F5) @ path ZE-> TR TELLHTH DI LB AHED
5D, A MTARMEDT L FL—F—DR2ENRK 114em TH B0 D, FRA
HOGE, BEEL TRoTELNHID S 57 x 0.2 = 11.4cm 721 RFH72 path @ -
TR TEIHMN TDC D stop ZDNTTWVWBZ & LD, BEIZEN BWKEL
723623 Timing Resolution Z D TNDDONEMBDIIIHE R I 2 —var k
1T OMENHDHIEA 9,

SHIZ, BRI E T A NTARZRL DAY Z—D Timing Resolution
DFEFIL, FAMHTARMFEDOIT L Z =XV HEZVREEZRHBL TWHBHIZH 03D
PO TAMNTARGE AT Z—LDBEE N, ZDZ IO T, PLBEL
THD,

FT. BRERIEO IV ZVAERBONTZONEZTHDE, 74 MT AR
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4.34: FARIAIZARV threshold

DATBE—DTANTARICEIDHEDHEDIZOIN, FAMNTARRLDOAY
VE—DOHEEBPBNENTOARWVESLLOBELY HZNENWHZ LN TS,

IhlT, FUTHLDPDPDLT, FA A RDEDH Y Z—DF) Timing Res-
olution PREWVWEWH Z &iX, ABEERLZET A NI A RBIFEUC L 5 2 EREZ 8-> T
ELEHIETEIESBATND LN ZENRTE D, (BOMERASR)
BBIZATRIOEBRIZONT, ROL IR ENBEELTEZD,

l-inch ® PMT 72& 7 U —& —DBHEHS | wilEO FEERTHEM L 72 2.5-inch ® PMT
D19 LT, 15RO T gain BREIEIL D & EA LRV 1-inch OB
%< gain B EWVS DE IR b =7 ZZH-EZ KL | relative IZ threshold DKWV
b DE S TERZITRWVZW,

OivoiL, kK total photoelectoron % BV VT 45(psec) Z X % X 9 Ik Hids
ERRAFETE DI L ZRWVITHEREL TV D,
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X 35: val—varkovy T vS

A YIalb—ariDHER

B 4.23 £ [X 4.26, X 4.24 L [¥ 4.27, 4 4.25 &K 4.28 TRDOHT A MH AR
LDAVE—=LT A TARNEDH Y Z—D Timing Resolution & N, DB
RELKB L CHRDE, FAMTARMEDH T X —1E Ny ROV ED 0B
9. Timing Resolution 23 BV, W I &R KD, ZDZLxI Ialb—Taric
L oTHLN D PMTIZEIZEL 72 photon D% > TELEL TH D,

P, a2l — gV DEFMITONVTHAT S,

‘/\:LI/“~°/3‘/J:0)‘1Z/1\7/7°2]Z X 35 DX 572 4(cm)x 4(cm) DA T~

2L T, PMTI ARBEATE LDy VT 72 BETH, =L, T4 8T A
FH%@%?/& X, B35 DX )R HEEETERLZ, £/, BOFERD D
ZEh% K 35 DL DIZERT D, IHIT, AFRLTFIT 1GeV/c D at ZHEL =, &
Sal—varic wt@b@%%§2 IEEDD,
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ASTRLF DR (BZ2h O YHRIZ X 5 HER) 0.99
VUFL—F—DREITR 1.58
VUF L —H— DR 1.0
v F b —4F —O attenuation length (cm) 140
Yo FL—4—DOWE DR 4 (cm) x 4 (cm)
TA NG AR DOREIHR 1.49
7 A4 N AR ORGHER 1.0
T A M A R ® attenuation length (cm) 140
PMT ® window @ JEHT=HR 1.48
PMT ® window ® S 2 0.0
PMT O YEH D 1% 0.875 (cm)

F2VIal—YaryrTHW-ELxDE

VrFL =y a B PMTICBWTHEIREZRE T 2EET DL, T4
NTARBRLAT L Z—L T A NTARNFEDH T Z—D photoelectoron D E
WEFIT 512X, v F L — 3 % photon #if8 T simulate 2 DA FHAI L
TV, LN >T, PMTICEREL OB RLF—L Y | photon DEIT
& o T, beam particle ® Energy Deposit & A7 —/V3 5T L %2EZ 5,

photon #i C& % 5 & attenuation IZOWTLRTDHIMENH B, Vo FL—F—
DX RPE BT, FOETRD G B r 7200 B 72 & Z ATHIMIL 72 photon
Blix. BZEPITHAT exp(—2r/Ry) 5272 5T %, (Rp:attenuation length) Z#L
IIBEE DR TR EIC X > T photon REELIN DT TH D, ¥ Ia2lb—T s
VETDHETEDIIREEMEEZZX HDIXEFIZENTHD, LEN-T, EE
MEBESROVICEBEr D& Z AIZEEL 72 photon X F A ZH 7= photon D
exp(—2r/Ro) s & A %, TDEITTDHI LITE-T, HELUC K HHEHIE IRE
vzl —v a3y kO photon 1 EICHLIAALTEZEFOHZE LRI X HICBEZXHZ
LN TED,

Al FAMHARGLOAY VB —

FP TA I ARRLDOI T F—DYIalb—varEExD, UTFTOLH 7%
RF AU 331T % photon L. photon DA FES3AA . photon DA TRFM AR Z FHXTH 5,

1. JEIRD B FERE (Z #hD IED I BT THRATL TV D ASRL T OB IR -
THERRIZ (F7RY) FEE (X 36))

2. VUFU—H —D I NS
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Phion veI ocity

Injection Particle

36: photon 23 FERIKIZFEH S HERF

| AT Npn | s bt photon s+ 5% | photon D EEA | photon DIRITRERI A |
1 | 20053 (f&) 100 (%) 37 38
2 | 4491 (f&) 22.4 (%) 39 40
3 677 (&) 3.38 (%) 41 42
4 646 (fi) 3.22 (%) 43 44

# 3: & WE D photon DIF#H

3. PMT @ ASHE &
4. PMT T AGTHE

2. & 3. DEWL, AREEDOENTH D, $7205, 2. OAZEMEL, > FL—
F—DWmEDHEMETH Y, 3. OAZEMIT, PMT OXEHEOEETH S,

D photon 2 Ny, . photon D EE3Af . photon DFRATRFEI 94 &2 3K 31T F
LD, (2L, AELIZ. K36 DX 51T photon & ZEADRTAEZERT D,
photon X XHTHL v FL—F—DiHE & ZENIFITTH D, L7z >7T, photon
2% attenuation IZ X > T U FL—F —D¥HIZIM Y & < £TITHIEL TW e $
Fux. ZOMAEX photon 3> > F L —F —DUEIZASFTT 5 EFTHRIFSN, Vo F
L— & — DI AT 2 HEICHEL TV D, £, FATRE & ISR 72 > v
FL—F —IZ AL TR % O(nsec) & L7 & EDFRATREITH 5, )
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A2 FBERRREO N, DED (FAHARIEL)
Bml1 > BFE2

X 35 225005 X DK B Vv FL—F — DU £ TEMREHET 50(cm) b
HHDT, E#.‘f? 122D R 2 DD N, DI, photon D attenuation (2 K5 b
DTh b, X 37 &K 39 % BT UL 0D K 9T KA THRHK 472 photon 1F X
SEERHE AL, EFITEV path Z @ Ty FL—F —DWEICEET 5720

Nop BRE S PRERL TWDDRDND, X 38 DAL > TWDH DI, AFRIF
WA E—DAF LT EDORHZ 0L LD TH D,

Frm2 — FFm 3

RER 21XV F L —F —DWMEICBIT 2BLTHY, FER 31X PMT ONEGHE
RIOBRETH D, LR oT, YU FL—F—DUD Ny, & PMT OXBED Ny,
DT FL—F—HEmOEEE PMT WiEOmEE L OO EIGIZ/R > TWAHIX
TThHd, K3EBML T, WED N, OEHETDH L, 677/4491 = 15.1(%) &
Y. R2NOLREDEBHIZEL VO bNS, ZDOZ &%, K39 LXK 41 DF
ERADOERNFEL THDZ D L HEETE B,

BFm3 - R4

JEFTRDORKEWEED S . BITRO /NS WEEIZ photon 28 AR5 & | BEA A LA
FOAETIIANTE TS ﬁ%#é RES 3 RS ADMTIX, Yo FL—F—0D
BRIV L PMT @ window DJEITRD FNR KE WO T, BERAALUULETPMTIZA
5L 72 photon 1X &I T 5, £D728 ., AEDRKE 7R photon 25 S S, Ny, 23
BAHL TS, (K41, X 43)
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‘ IRE Nph ‘ JeAs B Hi7= photon 12k 5 El1A ‘ photon @ £ FE 434 ‘ photon OFATRER 7347 ‘
1 | 20053 (fi) 100 (%) 45 46
2 | 4486 (f#) 22.4 (%) 47 48
3 | 3345 (f&) 16.7 (%) 49 50
4 593 (f) 2.95 (%) 51 52
5 580 (fE) 2.90 (%) 53 54

7 4: &K D photon D E#H

K450 photon X Ny« photon DA . photon DFRATREHI 3 & K 412 F &
» 5D,

A4 BHEEO N, OBD (54 +HAR )
el > FBE2
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A R ORDI=D |, Z#IZxtL TAD G AICBE SN D, ZD7D, BESMHD
RAFERRIHB A F ENTWD, (X 47, X 49)

Bm4 > BAS
TFAMHTAR2LDOKEHE 3 > KR ADBELEFETH 5,

A5 HBonf=N,N5DADC,TDCOREL Y
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ADC DIEIIH LN T Ny ICHBIFT DD LT 5,
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Light Guide
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55: 7 A N AR OFARD T D KA BT AST L 7= photon 23 Bkt ik Sh 8%+

TDC

4EDIZ PMT IZEZEL 72 photon DEZER#Z HEAEL L T, TDC @ stop Z 23T TV
% photon 1%, & 2 (Z DRFHZE teany & T2, ) ETIC PMTIZEEL TS & A
b, ZORIZEIEL 72 photon % N early &9 %o photoelectron £ & photon
Bor behl$ % &0,

Oy ~ 1/ V Nph,early (22)

LIRETE D,
PMT (ZZIZL 724~ T? photon & N, &1,

Nph,early = kgeometrprh (0 < kgeometry < 1) (23)

EV) BRI D6 (Kgeometry (23 ATV F—DTF AT V=2 Ko TREDHEET
H5bo )

Lo T, ¥a2ab—var THRONEHERID., oy Z REEL 212X, (22) D
BfRZE o L,

EBRAER L HEIL T\ foury 2D B,
EBRERLVEONDITANTARBRLOAD L Z—ETANTARMGEDH Y
YE—DHIIHOER TOL I, 71 (%) THD,

VIalb—va BT, #ADIZ PMT IZEEZEL 7= photon DB ERRR] % JFLUE L
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t | FAPHARRRL | 7A MH AR | Oiming, 54 1714 145 [ Otiming, 74 1314 ¥ 7L

100 (psec) 5 (1&) 34 (f&) 38 (%)
200 (psec) 49 (&) 195 (&) 50 (%)
300 (psec) 102 (&) 355 (@) 54 (%)
400 (psec) 139 (i) 457 (f&) 55 (%)
500 (psec) 181 (fi) 519 (fi) 59 (%)
600 (psec) 219 (f&) 558 (fE) 63 (%)
700 (psec) 251 (f&) 576 (f) 66 (%)
800 (psec) 277 (&) 579 (fiEl) 69 (%)
900 (psec) 311 (&) 580 (fil) 73 (%)
1000 (psec) 331 (&) 580 (fi) 76 (%)

7 5: t £ TIZEIEL 72 photon B LOZEN06 RESL b5 o b

‘ VIRAVE S ‘ Nph ‘ Nph,early ‘
FARNITARZL | 646 () | 277 (f#)
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Val—va v THLNTE Nppeny ZR 6ICEEDD, T NI ARHEDT
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WBDRDLND,
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REDOIT L Z2—DLhev Iab—2aryTEONERELIVRETAHEE TIC
AT, YIalb—TalonTL, Bifio X5 RELVICL ST, HELE,

Npe DB EEREL I 2L —3 a ETRZR STV DD | KHEFDZ\ photon
BN, FRES Ia2L—Yal TRARSTWAEZHAELEENTHA D, ZOEVE
oy DFERITITZINT Z 2, RER BT, KHEFEDZ U photon IZRTHID Npp earty
WA AN TWRWNRLTHD, LER-T, BoIT o DT IE SN FHET X
HETH D,
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