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1.1 {ZE#EEREL- KN /JDEE

B, FNTFOMF2RATLd0L LTEEEGZ DL, T, FRNTLLT6HEED
I =2 L6MEOLT by ABEONERANTES VR bk oTWn5,

BUE £ COERFEIIFEIG 2 G L7BEERNICFE L2V, L L, EEREIIHERT
BRETELRVT XA -5 —% 18O EATBY), RREHFLIIT R Vv, EEHBZBZ D
EBRBEELRL I EPRERBEERED—D Lo TW5, H2IE, EEERTII=2—11) )/
DEEZIEHICOLRELTVWADT, ARO-2— Y JEEZBNT A L3, EEgR 4
B2 DBRIFERET D E DEELREE 225,

L7 b2 id3tfdh, (11) ok )iz, BEHEFHOET (e). I=—KHF (0. F7HTF (1) &
TNENUCHIDT 2, BEHZFRLLVEF=a—PY /, Sa—=a—- P/ Iy =a—1Y

JBEET b,
(e)(lt)<T> (-1

Za2— MY VEEOMEREICEERE & BMBEUE DD . EENE T 1998 £ TH
L1DXH)IEKE=a— ) I EBREIRD SN TWED, FRAMBIIESATWERV, a2 —
M OBEEER IR EBERICHET 51, BMBlETHL 22— b JIRE) (5 1.3 @HiTh
N2) DUWESRROFETH S LEDNES,

Ve < 5 eV [1]
vy < 170 keV [2]
vy < 182 MeV [3]

F11: H£oa— MY JOEED LIEE

Tz, Za— M) JIRENE, RETCTRRNEAR=a— M) VBT 2 EmE L TROA
jj?ﬁéﬂf‘/‘}:)o



1.2 KFZza—bU/ERFZ2—MY /EE

WERICIEE TR o LFHED 1 REERIME T2 BV EVTVS, 1 RFEHERIARH DR
FRERET A EI2E) o PHTFRKFBTREL D, SO 7 BT K H R FidZedh o
L. COBBRTuHTFRIa—Za— ) /) BF=a— M) VS RHTA, 20LIICLT
HELZzza— b /2 RE=2— MY 2 LIPS, KR=2— MY/ OFERAERBRICIZUTO X
IOV 5,

=

H-
L4 1L

=

.§

5

1988 SEMFEERS IV — T 134 34 7 2512 BT 5 fully contained event ' DA OREE . k&
Za- bU/@&ﬁﬂ;%%&#ﬂﬁ%ﬁﬁmw&ﬁﬁu¢émkﬁibtmﬁk:@:k%k
Koax— bV /EEN),

€ OB IMB[6]\ Soudanll[7] 75 b FEEORERIEE SN7zo F/o, 1994 F 1T, HI4H
~ 72 BT % partially contained event 2DMFHTHE R Z - T, 10GeV fHED T 5 )L ¥ —4HIRT
bRR=2 = M) OEGHAVNE N E 2R L7 [8]o T72. 1998 A —/N—H I+ 5
sub-GeV3containd event . multi-GeV4fully+partially contained event 1235\ T b FIREDREE A
RHN72[9]0 —77 Fréjus[10]. Nusex[11] DEERES 5 3B & OFFIIRD b N o 7295, #
IR ARREIRECAKR =2~ M) VEEEELEEDTHILIETER Y, $£1.21C
INFETORR=2— M)V EROBEREERT, ChOARKR=a— MY JEEELHRTI2RLE
ERMRELT, 22— MY IRESET 5N b, THERETHET 2,

1.3 Z—a1—FV /IREY

== M IRE)IE 1960 444812 Maki et al.[12]. Pontecorvo[13] &ic & » TIREE N7z, =
DEGTIE, 7 V= N—DREFIRE, T2bbHOHEEROEARE (v, v, vr) IFEEEAR
BOEREGDEIL-oTHLDEN, ZNPNOEBRAREICEEEIH2HET L —N—
DEBIHE b0 &2 TRIEBLD720, 2FHDT L — N~ (ve > vy € vp) D=z — b
) IRENCOVWTER B,

=2 - bYW ERL T DBICYEFOBRTFEFHY LY N BHEEER 2T 505, BT
== P ZFRTENL N EHEERET A ENTED, 2D XD BHEMEHEI =2 — b

1o — bu/@ﬁmﬁtﬁﬁufitfM%wﬁmﬁ@ﬁﬁ#rw%W%Léé$%
Pra =Y ORISEDOADKRBEBNIICH 0 . I EENBICH LES
3&&%T%&Tl%w¥—ﬁ1%%MV%ﬁ®$%

RHFTE LT TR LF -2 1330MeV DL LS



EBR% (M) s (TV/I:_J:;&) theo

Ve+Ve
KAMIOKANDE 0.6070-08 + 0.05
0.5713:98 + 0.072
IMB 0.54 + 0.05 + 0.12
Soudan 11 0.69 + 0.19 + 0.09

Super-Kamiokande 0.63 4+ 0.03 £ 0.05°
0.65 4 0.05 £ 0.08¢
Nusex 0.9970:33

Fréjus 1.06 £0.18 £0.15
0.87 +0.16 4= 0.08

# 1.2: fully contained event O fEATHE 5
¥ a) partially contained event
b) sub-GeV fully contained event
c¢) multi-GeV fully+partially contained event

U IRENCRE R 52 B 2 L (MSW #5E) % Wolfenstein Z545H5H% L 72 [14, 15]o MSW %15 % B
D AN7z=a— b Y /§RE)% Matter Oscillation, BUH AR T\ d @ % Vacuum Oscillation &
5. MSWHRIEEF=a— ) 7 2&G=a— M) JRBICOREELE 522720, v, & 1,
T L vy & vARBORNTIER 2D, L, BT -EEH -2 — M) VIRBIERTH
% CHOOZ D5 [16] I2 L hid, KR == — MY JBEOBERE L LT, © v, BB 90%C.L.
THESNZe €I TIOWILTIE, vy ¢ v, 3 %D B Vacuum Oscillation IZ2WVTDOAERT
5T EIZT B,

LAF, Vacuum Oscillation 12 & bv,, +» v, MO BBHEE2 KDL, Za2—FJ DT L—N—
DEFRE|v,) . |vr)id. BEEAREBORBEL ). ) L REA,FHVTOED L) I0&
15,

|vu) = cosby|vi) +sinb, |ve) (1.2)
lvr) = —sinb, |v1) + cos b, |ve) (1.3)

HOLIRHAD =2~ ) JOREZ 7L —N—DOBEEREBIVEERASREBOERD b THE
IR AN

() = vul®)|vp) +vr(t) |vr) (1.4)
= v1(?) 1) +va(t) |va)

ZINENDREOMITIZ, KOBERAHY L2,

vu(t) \ [ cosb,  sinb, vi(t)
< VT(t) ) B ( —sinf, cosb, ) < yz(t) ) (16)



T 72, v1(t), 10(t) DRERIFERIL. Schrodinger HHER

.d )
i—vit) = Bvi(t) (7=1,2) (1.7)
TEENDo (1), v,(t) OBBIZEER, R 16, R 17 2o TRO L) IcEED,
d [ vu(t) _ cosf, sinf, \ . d [ ()
ZZE ( vr(t) ) B ( —sind, cos8, )Zdt ( vo(t) > (1.8)

_ cosf, sinb, E, 0 cosf, —sinb, v (t) (1.9)
N —siné, cos@, 0 E, sinf, cos6, vr(t)

Ei+Ey (1 0 n Ey—FEy [ —cos26, sin20,
2 01 2 sin 26, cos 20,

vu(t)
x ( it ) (1.10)
BL1EEBV T |y, | PREDS VDT, BEHRE S L,
zi v, (%) _ Ey—E; [ —cos20, sin26, vu(t) (1.11)
dt \ v,(t) B 2 sin 26, cos 20, v (1) .

Za— btV OEEm L EHEp ICOVTm; K p WD DL TEE, EBRE; ~ p, +
m?/2p, % o TRD & ) ITEHTE B,

; v,(t) _ — (irv—) cos 20, Lv sin 26, v, (t) |
“dt ( M(t) ) B ( (LS sin 26, éf&; cos 20, ) ( V:‘(t) ) (1.12)
ZIT, Ly =4mp,/ |Am?|,Am? =md —miTH b, ZOFBRRXEML &,
vu(t) {cos 26, sin (Z—t) + 1 cos (Z—t) } vu(0) + {sm 20, sin (ﬂt)}VT(O) (1.13)

vr(t) = — {sin2OU sin (Z—z) } v,(0) + {cos 26, sm( ) — 108 ( U) } vr(0) (1.14)

Lo MMIEMY,0) = 1,0,(0) =00 FCIa—=a— Y /Wil L(~ ¢) 2= LRI
TL—N—%BHELTVIHERII, ROLIHIh b,

Plvy—vy) = |[(wlv@)? (1.15)
=1ﬂﬁ%ﬂ%?) (1.16)

1;7Am2(eV2)L(km)>
pv(GeV/c)

L22HoT, Za— b 2EENT, =2 -1 ) OEED 2REAMZERAMO,D 2 ODI8T
A=F Lo THBOT ONDL I LD b, EBTHRETELH/8T A— ¥ I, EBE p, .
== MY JEPLSOBREBELICE o TREESNS, b L, sin?20, ~ 1, Am2L/p, =1 % 51T,
Za— MY IR ORENEEICENS,

:1&&%&( (1.17)
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1.4 ChETCHZ1—MY JIREEER

INET, WOPDKE=a— b J, KR =2— b U OBRUSCEFE, IEE»SD=2—
M)V ZRETHZERPLZa— MY JRBZHRBL LD TR INTE, RIET
E2AMPOFIRL, RLIT PSFP2 L HIC, Za— Y JREEIZERD/ST 2 — 5 — L/p,I2
LoTELZ-TL B,

RIZCERTHVONS  Za— MY Vi, TAVE - (IR, BRECTELAm2OESY
T

[ v source | E,(MeV) , L(m) | Am?(eV?) j
Artificial Reactor(7,) 1 102 10—2
Neutrino Source | Meson Factory(ve, vy, 7,) 40 10? 10~!
Accelerator(v,,7,,) 103 10* 1071
Natural Atomospheric(ve, e, vy, 7,) | 103 ~ 105 | 107 | 1074 ~ 1072
Neutrino Source Solar(v) 0.1~10 | 10! | 10712~ 10710

R13: —a—MY JEHERTO=2— Y JEE ZOBNTE 348

BEATONIz =2 — b ) VIRBIEBROME R L | K2K EER (5 1.5 HiTik~<5%) & MINOS ®
BRFPEOHEBL L LD THLLIIRT, CHETOERT=2— M) JIBRBOFEERR L, fh
DEBRTHESINTWRWV DL LT, LSND[17] L A —/8—H I+ H U F[9] Hd 5,

1.5 KEK E362 % (K2K)

KEK E362 %5 (K2K) i3, 1999 £ ICBBFEOERE B =2 — bV VIEBFERTH S, 1998 4F
WCA=NWN=DIF AT PO R Lo THEEIREN 2 - Y JEEF =2 — Y ¥ — 4%
HWTHRR, 22— M) VRSO PRI E S L2 HNET 5,

K2K OB %K 1.2 1I28e % o KIRED I OB L3V F — Ik sifsetiéiic 2 . KEK-PS
12GeV {70 bR TMESNDBTFE— 205 FH TRV F— 1.4GeV Dy, ¥ — A%
AR L 250km S DI BIRFIRERMRIRT 125 B 2 — 28— A I+ H VU FRBEICAT TRIB L, =
DHETOZ2 =11 VR EEL, v, 5 OIRE)IC Iy, — v, (disappearance EER, v, EE)
ZHNIZAB®) Ly, - v, (appearance EER) D 2 DDHEEE - F2H 5, b L. sin220, ~ 1.
Am?’L/p, =1 %513, Za— M) ViREOFEIEEICHNS, K2K 04, L = 250 km.,
Py~ 1.4GeV DT, sin? 20, 5K EITNIEAMZ ~6x 1073 720 F CHANRL I EHTE D,

disappearance EERTIZ, KEK FiHICERBT AV —AFE= ¥ L ¥ — ASE AL S 300m i
HLMBREHE T2 — M) JOFESREZIVEF -2 lIET S 2 21251, 250km 4612
HBA=N—NIFTHVTFRHEBIIBITA=2— MY JIEEHHRVIESD contained event O .T.

SEL T2 RESELFITOIANE—ELTWARWD
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V. —V_. (90%C.L)

e
g :
A b AT s . KARMEN [k
10 Rl A — 10}
5:' : LSN : R EE
&; B : Krasnoyé:arsk,: N; j:'
L ' ) :
NE 3 VT C\IE H
-2 " Bugey ~lie — 2|
DURTO RN = S SR = <10 "}
Kamiokan !
F sub- gev + multi-GeV B
107 S 07 |
- MINO;"%QH??_Z """ ) B Super-KamlokandeLJ_
I i preliminary 400days
B i sub-GeV * multl GeV, P.C.
1 0 -4 1 L 1 ] i L 1 L 1 1 0 -4 1 L L 1 i 1 1 L L
0 905 1 0 05 1
sin“(20) sin“(20)

L1 BRO=a— b JIREEBROFER & K2K, MINOS DFEEFEDHEI, LRI ve ¢ v,
VBRI v, 6 v BEIORE . MEROHSA =2 — MY VIR R TR R B8, B
L. B340 Y FORRICE D v, ¢ v, BEIOFAFAIZ, CHOOZ OERIC L o THE S
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ANVF=GHEANR ML - 2EBECTTFHL, 2N EROBINMEL % BT 2, v, — U,
b L B~ OIREGE Z UL, RENIAM2/E KETADT, Za— MY ) LA VE— 5%k
DA ED L NEBRIBERORELI Y Z2 - ) )OI I LVEF D50 50T, EEEOZ
Za—= MY JIRBOMWELITI) CEWNTED, Za— MY JIBEONRT -4 0L =a—}1)
27Ty 7 ADEAEH 1.3 ITRT,

appearance £ER T, v, DHRENIC & D v\ LT IR, v, IHRHBN TR (1.18) X 9 125
BALYMINMCEDEFZHEL S,

Ve+n —e +p (1.18)

COBFEIA=N—DIFT I TFHRBHFETHAETE S, Za— ) JE-LF L THEbNSy,
Ry D 1BITBELZVDT, b LA—/3=0 347 U FREBE T Bl S g, ek -
THELLLDTHHLEEZEZ DN S,

1.6 OD° triggered event &. Z DR NDEHKE

A=A IF A TRBBEIS T Y OKY v 7 TH B, O ZNE RS & AEBBRH
WRRONY 77 T YR EA Y DT 5720 OEBRIECHT bNTWAS (RIS 3 ),

K 1.1 TRRL TS K2K OBREBULPIEMRL 5 T O contained event (X 1.4 1) % H 72
bDTH%, contained event lIFUH L TE L7l FOLINF—IWETELDT, £V F
L=blZDma— ) ) A NF—KEWREARDLZ L TE S,

T, H14TDL) %, KB TRIS L7724 X b (= OD triggered event. EBED A
NYPTARAT VA ZR L5 IRT) 1, TAVE - IZIERICHIE T & 205, K2K Tid KEK-PS
DE—LIAIVT2ZETHEILILEIONY 2759 VR EORUDDLDT, Thik Ry
ML= b DEHRE LTHTICHE) S LA TED (54 B), 28, MERUETIEFOREIRT
ER\VD Ty, — v, appearance EERITIZMH 2 2211,

K2K T3S 2 FEDED - 72 OD triggered event & IV T =2 — b Y  RE)AHREE C X
W, R 2 REREDP OMEN L FR COBTTH LD TEROEEE Y LT 5010688 TH
%o & BIZ, contained event DFHT & OD triggered event DN % SbeNIE, =a—FY
IRED XY BREBEDS LA Z L 2SR S D, OD triggered event 5E OREEEREE I 2 2 202
DWTEYTANMT - YIalb—2a VY CiMT 2 I L DHRIOERTH 5,

5Quter Detector 2% ¥, M0 &
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|contained event|

ﬂm"ﬂgxfm
: inner detector PMT

? ® : outer detector PMT

n (;

interaction
position

=)

Super-Kamiokande detector
|OD triggered event|

ﬂtﬁnﬂﬁﬁm
\v

-

: inner detector PMT
Y9 e : outer detector PMT

interaction
position

(>

Super-Kamiokande detector

16
1.4: contained event(_E[) & OD triggered event( T) D RELY M, 7721, 400 ¢ <

TH70, NERHBREE KRS > 7 ORNBEDOMERELL LTV D,



‘A’I\?ﬁﬁer Komlokondef

RUN 5998
EVENT 2461895

DATE 98-Jul-_6
TIME 5: 0:56
TOT PE: 61.5
MAX PE: 7.9
NMHIT 59
ANT-PE: 395.3
ANT-MX: 37.2
157

NMHITA:

O‘
o |
o

o

1.5: OD triggered event DA N2 M7 4 A7 L £, hFROBEFHRIIAEEB S, £ EORE
RSSO RMR 2 £ T, TNERONRBEFHES (PMT) O%E (RALELHFH L
PMT 29 2B 68) 2 FOKE ETELTVD, DA XY MMISHEBREERIZA > T
BH, WEBRHEERICIIA > TV W L2352 5,
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F£2Z KEKHAIOEERKESE

CIHIEIILIY) K2K ERIZHE DI 2 EBREBICOWCHMT 5, TOETIEKEK il
FEREBEIZOWVTEL,

21 E—LZ0>
=LA OHKENT, a2 — P ) =L ZER L, A—3—83I4H U FREBENE—A
EPNHEEHLZETHB, K21, 2.2 ICFOLERERT,
(Supsr K) &  U-monitor

Erony 48
Detector

,,,,,
e,

Decay
Valume

0 100 imd

X 2.1: ¥= LT A2 0afH, aiEkEEo% (RTIAEH)250km O & Z A IZA =8~ 3
F TR B

T, KEK-PSBBFYyruboryrs, 23D X912, 12 GeV DBFV— A% 2.2 1
BTE—LT A VIS A0 1N—APLS72D 1.1 4 sec DIRTEx 102 7L v F o =4y
M (=P.O.T.) DBETH L, K2K EEBRHIH TOEEHL 100P.0.T. L % 5,

MEINTBGTIIRA =8B I35 H VFRBBICHVWER AT 5700kl v ¥ —F— VXY
FE—LT A2t~ 150m (ZEER S, BHRRTEOFRENET S, 2o, KFHEL»SH

18



RGeV-PS

256km 200m: 2081

2.2: A=< Ry b EBESEE, C-28 T OR

3

6X10'?proton

2.3: .intensity of the beam

19



LIBETHICET bE (A== 34 Y FRIBBICE, —a— M) /-2 12E LS
DA TAFT B)o 20, BTE—LZ TNV Iy AEMIZEI L B2 ERT S, &
WREHIZ, 2 20F—<7 3y b 18] 2 @B ST, 7t U—LA%IEE 2, 20HDK—
YT Ay P @EBRR, m FHTFOLANVE - L AESERARL O (1 B2 (K241
R EWEND Y YT A A=V RAAF 2 L a7 R ERET S (190 ShZ2HWT, #
BRABER PR == D 347 Y FRHEBICBIT A 22— ) J ¥ — ADIT RV E— 54005 A
DZFIT 2, HNT, 7t ZHPE Ty, U ARERT D701, 200m H 5 HEEFES T &
WEED, CORBRBICIVEREND pt DT I 7 AZWEL, 1,07 T v 7 AZHET
B720W [p =% (251258 )] LENDE A4 0 F 2 VN—%FRET 5 [19]0 T 725
BOKBIZIIE — L8 Y THRBEIN, BELEPoNF 2 ERHERES T CREIE W
I oTn5b, ‘

ERSENSy, = MEE ANV F—DFHH1.4GeV, ¥ — 2 W 1GeV HETH B, T2, &
R DOBER EIZ X Dy bEPICRBALTLE D, ZOHAL IBBEICHZSNS,

2.2 RIBEMRHEOBIE
Y= A T OBRFICEPN TSR ESEEILRERB S LRI, 2R SN0 Do —
M) 799 7 ARPET S, FLTFNIE=a— Y 2 H5EBT HMEICKEL

e lkton KF = L a2 7HH%

e Fine-Grained Detector! (FGD)
D2 EICTEIND , &FE2.6 17T,

2.2.1 1lktonZKF L > a7taHs

AT T EBROBGLERRTH % E261A FEER 23] Tibh /- A% BRI L. 1kton DK
RBEZTAKF LY a7 RHBRRERET S, A= H IF P UTFRHEBLERALAY -7 v bR
HEE, BINELM), SHCED ., AF = Ly a 7RIEBRD v,-H0 SHIHERE PR ILED L
AR RIS LRBREE A== IF A VT LORERORE DI LICEIDELT I &
WCTE Y77y 7 ADWERESE LT 52 0% 72, 1, E—ACRAL TS, Xidy, < v,
RECHHT 2 WEREDH 2. L ERENIBEFORE L ZDIRINVE—ZHET 5,

ATICHET 2 4 BORBBEZHAGDE T, WENEOTE 5 ZDOMAY (fine-grained) IR, £119D
NZOEZROBHRTH S >

20



2.2.2 Fine-Grained Detector

Fine-Grained Detector Tld, H EiICERE SNAKEHNOBLE =2 — Y /5 TH
B/ L BEREMEEGEL RS | ’

Vp+mn — u+p (2.1)

DRERERESND p~ ODEFALRELZWET L2 L THO=Z2— N J TR NVE—D5HD
TEZY, pE= S EEDLETY,DT T v 7 AL ZRNVE -5 % R E (HHETE10%.,
TIANVF R TE 8RATHEE) T2 L2 ERBEMET S, T/, v-HoO OUGHIEE S 8
BERCHETE 2,

BT OHEEE my. p TFOERE, B8R, TAVY— ERMAY FNZNm,. pu. B, 0,
B, BlBRENSI a2 - Y DI EVE— BT

2
B - myE, —m;, /2

2.2
my — E, +pycosb, 22)

L b,
Fine-Grained Detector |& 4 FHDRBENP O 25, PTIC=2— M1 /2 H5E 89 A NEIC &4
BREZRLZHHAT S, 28, MiZL&T2.6 PlciHirnTns,

o KEBEW /Y F L =T 42T T 7 A=} F v 51— [20]

[ 2.6 @ SciFi/Water & EPN72HFDI L THD, 20 BD 2.4m x 2.4m X
6.0cm OKERE S FVL—F 1 2T T 7 A= — b (ERERI 2.4m x 2.4m.,
IN%Z oy D2 HAHVD ) OLBY 2 F 1 v T BErHOoRBBHETH 5,
KB ERB L72ma =1 ) ORUSE L FISORERD S AR SN D HERTO
REFZ FRR T 52 EBELEHNTH D, EROVVFL—F 42T 77 L=
DIFHZFTAUNT DI, 24 BDA A=V AV F YT 7 AT F 2—7 (Image
Intensifier Tube, AT IIT) & CCD /1 X %ffio 7zie Al LEBEIFHENS,

o NUT AT F [2]

Ra—FYFoN=—0 TDC DAY - MNMgFxWETHZLEHBET S,
100 KOFIFAF v oo vFL—arhoyy (1 KOKRE &L 466.0cm x
10.8cm x 4.2em ) 2°57% Y, VENUS EERDO A Y > & 2 BT 5, ThERE
DYIFVL=FPL o F V=T AT T AN— T H—DLEFICHHRBEIN,
FEHBENY 2T IR E Ay VT HLODOHY Uy LThHflbNS,

o SRATAHTY X—5 [22]

E—AHIZI%RERRAT S, b LIy, & v RBIC L ) BT 2 TiEODH
Bve POEFENLETFOREEZDIANVF-RELZIT) o TRV E— 5 HHE
118%/\/E [GeV] ThbH, TOPAZ EBRCHASN7(H T AN Y X—% %
FIH$ 5,
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/ﬂ\

e I a—FUFLIN—

BRER YT M F 2o N—DERBY VN Ay FHEL LTS, p OREERH
ETAHIET, p DIFANVF—%WET S, VENUS EERDF = > N — % Fifi| H
ERCES
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To beam dump

B Ionization

chamber
spherical

mirror
(r=500mm)

500mm

Gas:R-C318 Lum. plate

(n=1.0027
1.000613)

urrent
Transformer

24: m E=IDR(EEED) FARTELZF =Ly a 75 ERIGFE TR S 80 F v >~
ANDT /= F 2 b OB FWEE TRET 5

Multi-anode
PMT (80ch)

{4

Gap:lcm

High
Voltage

§ som

.» Y-readout

A A : (40channel)
///%T;eadout(400hannel)Uﬁ

5cm 2m

2.5: p E=F DR, 7/ —F3 3cm x 3cm Dy R L o T T, x,y FHZNLEFh
D 1RITHADHELND
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1kt Water

Muon Tri Cherenkov
rigger
Chamber  cogriter Detector
,,,,,, s
o
/ SciFi/
Water

2.6: AIERRHEDOEEN
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E38 X—N—H3IAHLTIHRHEE

3.1 mHEFRE

A== IX N TREGFIRERS T Y OKFx Ly a7RBHETHL, Fx L v
76 JEITE 0 OBH B CH BN F A ORE T TONE /0 B2 TEET ST, K31
THREIND L) RAEOHAICKEENE N THS (103.1),

cos O, = — (3.1)

ll,e etc

M3.1: FzlLryrazdofr—IH

KOE (n=1.344), f=1 TF 2L > a7f0, i 42° 12k 5.
Flo, F LY AT ROBEESHIE,

2 1
igz%ﬁaﬁ—#ﬁ)ﬁ (3.2)
N B SN FE
¢ EEAFOHED HREE
A BEIRSRETFOWRE
Z . WEKNFOER
a PR 2 3
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TEIND,

M31DEHIZF L rya7RiIHABEEZEE>TWADT, ZOXT AEHROMBEDONEEC
EDDTHENTVANETHMEE CRIE L, Z0OXE., XOFERE D LFEROBHBRZT TV,
ZOHEZOSES, EBE, NFOEELR SR RET S,

3.2 RHBPE

A=83=7 IF B 7R (3.2) 13, REIRAFRTIC 5 2 gL EST (X 3.3)) 0T
1000m (7K #E 2700m A 24) DHE DAY I 4 4 > 7 L IFIZTFAMEICER SN, 1996 44 A0 58
BIA IO T WD, RILIWCA—I—=H3IFH VTFREBOWUEZRT, ZOKRBEIBTICHS
DIZ, N 7T 5 YR ERDFERFOL MTFEZRWST/2OT, MRLFORMICEETELF
HRFOuDREL AN F—13# 1.3TeV TH 5, T/2. BETO FFOHREILH 109m 2y !
THHH, RHBMETEZFOH 10540, 2= 38— 3IFH U FRBBTEI SNy O
EId# 22 Hz TH 5,

LINAC room .~ 7 7 \
y 7 .
\ 20" PMTs to ENTRANCE
» ) control room -
A 5 !
LT g :
N T o8 g
N sl | —
{ 0 ; }\\‘ 4 ! to KAMIOKANDE
electronics hut 3 | S [ :
X !: TP .
; I L] ‘
2. h
» e |
,’/,/”/’ S ST
ll "> ----- = 2
At
SUPERKAMIOKANDE  instiTute FOR COSMIC RAY RESEARGH UNIVERSITY OF TOKYO puoENEEC

K 3.2: A—7s8—Hh 34 H T HREE
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=48 (o) . ' oL, &5E

®E RS2 % B A3
X 3.3 A—X—H3IFHrFREBEONE

A== IF N Y THRHEGFORMEE 2 5K 1L, BEE39.3m, &2 41.4m OMNEE T, &
DOHIZARE R 50,000t DA Z 72T, HEEEIESH 50cm DI > 7 ) — s TEbRTBED, K
ICHEY DR 3~ dmm BEDRT YV VAN RS Th b, T2, SHEEDP S 2.5m DfBICAT >~ L
ADBROMEEEDSER E N, Z I ICHBEFHEE (PMT) e D27 5hTWwb, 72, 20
BIZ7 T v 70— 28RAZ LITX D HBEMICHKIE LSBT SNTWD (PAEIZER
33.8m., =& 36.2m), Z DN ICIZESE 50cm @ PMT 11,146 A2 E 1T 1T TH DY |
WA ERERE DK 40% % H /3~ LTV b, FRKREIZER 20cm @ PMT 1,885 475, 44 X 12
WOMTFTHY, BEOEMIKDONENEZ LT EL0HBOY ANy y TE-TH D, WK
L, SAKIEE, 2NN SR (inner detector) . #VERIRH 25 (outer detector) & I, &
HIZKRF 2Ly a7 RORBETH S, WA TFRIBOF L 2585 TH Y . SkiEiL e
D0 DOy P EF RIS 5 L & DI, SRS AST 2R 1 (& LTFER p) 2. A~
BT DRF DN EAT ) BB EF > TV D, ‘

Tz, KEDOLEHIZESDO/ME (vy b)) SREBEN, FOHICHELMLREES, 70V L
YRIVLZ ORI A, T8 —NEEE, VMO VEEBLREDND D,

R SREAOESIITN > S EBEEEEWMO AR, 7ANY — 2B T LT, N s T o9y
R &2 HMEERMTTE Y DR WIREBICE > T,
BRIBENOKIL, BAEE, FREESBERE, 74V F —, [+ MR | BIGREIT %
EN D% HKOMALEEEIZ LY, BEHERMITE RN 7T, PR 2T BRVWTn5,
KIBADKIE, BEZ40 HITHEET 5. ZORKE. LED 1/e(e X BERNE) ITHFET HAD
BER T 60m, KF DT F VIEEIE# 0.005Bg/m3I27% > TWwb,
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Parameters “ ‘ Remarks

Total size 41mh X 39m¢
Total mass ~ 50,000t
Fiducial mass 32,000t supernova v
22,000t proton decay,solar v
Thickness of outer detector 2m
Number of PMTs ‘ 11,146 inner detector
1,885 outer detector
Photosensitive coverage 40 %
PMT timing resolution 2.5 nsec at 1 p.e.
Energy resolution 2.6%/VE e of E(GeV)
2.5% p(< 1 GeV)
16%/VE e(<20MeV)
Position 50cm 10MeV e
resolution ~ 10cm p —etnd
Angular 28° 10 MeV e
resolution ~ 1° Thru-going u
Ey(trigger) ~ 4.0 MeV®)
Eyp(analysis) ~ 5.5 MeV(® solar v
e/u separation 99 % 0.03 < p. < 1.33GeV/c
| 0.2 < p, < 1.5GeV/c
Ep—sevv 96 %

£ 3.1: A—3—H 3IFH T OMHRE
F (1)(2) 1999 4 1 A BAE

28




photo-insensitive

inner-counter anti-counter

-

inch-in-diameter

PMT

20-inch-in-diameter
PMT

black sheet —]

3.4: inner detector PMT & outer detector PMT

3.3 XETHEEE

BB L7z 8912, A—r8— 347 U FHRIEB TIRAANE & kT 2 SO LB T ES
HWTw5 (K3.4),
3.3.1 inner detector PMT

WAKE TRV 2 PMT iER A b = 7 28 (R3600) Th b, +OSHER KON %K 3.5, X
3.6 ISRT,

PMT _R3600

! |

_HEAT SHRINKABLE TUBE

CABLE LENGTH
70 Meters-tlong

=4 = c o
gz . H 3
E] o Y e«
a @
s = N =

= 54 -

(610£20)
695 TYP.

185)

i : mm

3.5: 50cm PMT OFRE K E &

SO PMT 37 347 ¥ 7R THY DTV /R 50cm OGRS (R1449) 2R
L72bdTHY | EWEOEMEEICN L CEBIY 5. B4 PMT OHIBERIIH 1.2 x 107 T
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FI’ ca
|

K Fi F2 F3 It
1
% | N
i MO0z O 04 OLS O ONT DA M gL e Feis =
0
(s‘— W | e o ; NN RN N
i ra | R | KT As AT T AT A Tl i ale] Al dlal dls
At A SAM. AM AMA AAA, AML M_
"y WY H hid Yy it ¢ 3
1fez| ¢
L
=ris
RE:  1.3MO%5%,1/2% €1.c2:  108F,200V
A3: SASKQEIX.1/2W s )
R4: 5,49K0L 1%, /40 €3.C42 4700PF. 3KV o o
RS:  820K085%, 174w Wy SO

R2.RE-R15: 274XQ:1%.1/4W
R16: 200K0%1%.1/4%
RIT.R18: 10K0£ 1%, 1/4%

3.6: 50cm PMT O [A]& X

SNTV2 (HVMELIZEEIZ 2000V), 2O PMT OBFHE, BLUOF L ya7HDRR
7 M7 L%R37, K38IIRT,

—
—_ O
a3 7 \‘\.\\x_
L f NN
> 4 ~. \
& 10E===fy \:
<]
] e N\
‘O A Ty
E I AL\
© i RN
TV

E L | N
= . . AN
S ) W
& ez T

s

S
¢
P PO D I

250 300 350 400 450 500 550 600
Wavelength (nm)

3.7: 50cm PMT D& F3)=E

H38bF b ra7 DY — 7 LETHROE -7 3T —H L TWAH I Edbhb, Fx
LY a7 oY —74E X =390nm Tid, BEFHEIT 22% ThH b,

COPMTIIHEIZEY Ipe! D=2 ABHRRZBEIRY, F-ERMREEDEESINT,
3.9 1p.e. ISN$ 2 ADC2G A TH 525, 5 —2 ) 4 X (ADC fild 0 f$5%) & signal(ADC 1
1S MLICE=2) Do E N FPNTVD, THICE D, KH D Rn %2 EOWBEHERIC X
2NNV T T FETHBAEET, ZALVF-A Ly valbF (LEWE) 2EFICHLT
AMeV ZTTFIF B Z LWTE T,

RBITREEICDOWTIZ, 7 347 Y7 THW SR TV PMT i3 1p.e. 128 LT, 5nsec(lo) T

!photo electron
? Analog to Digital Converter
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60

40

20

wo’- ) A | T

Retative Cerenkov Spectrum
theough Pure Water

Relative Cerenkov Spetrum through Pure Water (%)
Quantum Efficiency (94)
=3
T

L X .
300 400 s09. | -600

Wavelenghth (nm)

K 3.8 FLyaAaTHDANRY NTF A

LI LI L I D ! i T T 171
I~ . . | Entries . 1007
B ' : :[ Mean ' 13.55 ]

. ! || RMS H 7.745
L . SO | I, HUDFLW... ... 0]
. : || ovPLw 0.
- : ' HE T 4541
: . )| P2 . 13.63
B : : ' ! 6.7087
- : : 5.000
L e o O SR ]
TN B [ LIPS O P

-40 -20 0 20 40

3.9: 1p.e. IZx3 % ADC 434
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tyvek
sheet

photo-insensitive volumg wavelength shifter

3.10: outer detector PMT and wave length shifter

Ho72b D 3nsec(lo) LHF/EEIN TS, F72. PMT OMERBISIC L 2282 DR+ 57
0. BHBFONEECHSRHE T A VDL V2T THY, BEREE % 100mG DL TFICHIZ TWwWa,

3.3.2 outer detector PMT

SR O PMT R 20cm O PMT AV 51T 5o Shk BT 2 S22 i Cmy
L72DICPMT O EH 1 2 60cm x 60cm @ wave length shifter O7 L — kS 17 TH 5 (K
3.10),

34 ILJZ7hAZVXR

3.4.1 AEBIRHIE

A== IF N T ONTRHEEICBITH L7 b 3= 7 A3 TKO3E Y 2 — )V & VME4E
Va— LRI Tnwh,
PMT 6 Of5 513 TKO BAEDHRERE T 2 — )V ATMPT2IT & s, FRFNDO ATM 1312
DO PMT DEEFEIDIED o ATM IZEF ¥ > F VI, BIEE, 4 A2 3I5—%— . ADC.
TDCO, XEY) —%FoTWw5 (H3.11),

ALy valVR{(~1/5p.e) 2B TATMIZA>TELEEIL. BRASEREICL > THE X
Noo TDIBLD12IE, WIRDOT V7 %4> T 100 EICBIES N2, FARZ Y I 2—% —%

3KEK('|%I- IV —WHEENZERT) TR ENF — Y E Y A F 4 T TRISTAN-KEK-Online Ol
*Versa Module Europe

® Analog Timing Module

5Time to Digital Converter
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1o FMTSUM

Hrout W00 18 1UTSUM

DISCRI. wr
Wi00ns
SELF GATE

. L s
Toror 2 ONE-SHOT %
g H
=X 5 -1 TACA
- g AR
C-A
GATE QA C» A QA
| ADC
ST b 1 Taca
ARTSTOP TA C' B
CLEAR
C-0
i Q4C-B =
THRRSHOLD DELA

TRIGGER

START

K 3.11: ATM S EY 2 — VT 0y 28 L 755 A

L. EALZ 15mV 1§ 200nsec D FHEAO L b, 12F ¥ VAUSRELEDENDL 2 LT,
FHFATM COAL v ¥ a VR EZBZ 72 PMT O¥%RTEE L HITSUM? & IETh 2 ES45
bNBo CHIZZDHT —FIED M) F— 2D EAFICES N, JIO b DIE TACE/QACOIZ3%
b, TAAZY IAZ = —p5DEFHDS 1200nsec I k) A —A5diuE, ADC. TDC I23%
LN, TVINMERICEREND 798 WERIIW Spsec 22505, ZORICS T — 5 2D
BT 72L& LY AT ANS ) 1F ¥ VAVABENTVE, ZOVATAICEY, p—c
BRDOFER (1=2.2psec,T13F ) 2O LD I ENMEETH D,
BONTT V8 MERIZZOH, SCHY - SMPUERCAH Y T/ v a v ¥a—F —12¥%bN5,
2B, MIT— BROLD ZBARTITOND, T, FNEND ATM TPMT ® HITSUM
L bNb, €O HITSUM OfF 51t analog sum SN, U H— EV2—VICEbND, D
ERF VA —DAL Y v a )V FEEZEZTWRIE N YA =2 b, 20O+ Y H—fEE o8
GONG? EV2— V%@L T, ZREND ATM IC%SNT — Y IEIFTbN D, SO MY FH—
ii~3KHz TH2 PMT DY — 2 ) £ A5 BBFEMEIAL 2 V7 v AR KkhOiEHETE, &
BOODYRGREDNY 2750 FBR T B0, 19994F 1 ABE P F— ALy ai
FELT, W2 HADOPMT D v ML T 2 (BT L TH 4.0MeV) SBRE STV 2,
M)A — L— Mid# 350Hz Tdh 5,

THITSUM i34 ATM TR L& hETHH TER L 5o

8Time to Analog Converter

°charge(Q) to Analog Converter

'°Super Contorl Header : TKO DY AF A2 Y b U—5 TF — ¥ IG5 $l3 5,
"' Super Memory Partner : VME $#&D /Ny 77 — A E 1)

>GO or NotGo E ¥ 2 — )
BINORIANVF-HENN 220, PMT £y MEAL v &3 VR KRl R 5
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3.4.2 4SS

HAMEIZ L ) DI TdH B 20cm O PMT 205 DEF1E QTCHIZ% S NS, 120 QTC L 48 &

O PMT DIEHREZIY D o PMT OEF%321F & 572 QTC IZBBIEHRE 2B EVSIVAEZFD
RICKBIZHBI LRV SOV AEHT, SRHDO/VAIETDC IZHE SN, B, RUOKEIEHR
BFETVIMEENR, YT —=2HIE, FVF—F avPa—& — 2 Z20BRIEMEND, &
HICZoBHIEhRN Ny POV Pa—y — |0k o TRE X NS,
Tz, WERMB OB A LRI L HICAL Y Y a )V N E (~ 1/4p.e) B2 TQICICA-TE
B5 7% 5 HITSUM 5 2%ES 1L, OD trigger 2 1E5 D 2ffib N %, fully contained event ®
£ 7%, WBRIBRERLFND & &1X, OD trigger Do 2BREI N 77TV FELT
By bEND, FIUTKH L, TORILTIE, D OD trigger 125 AN N 2 FET 255
&9 %0 PUA— ALy ¥ a)lk & LT194AD PMT @ HIT(200nsec LA IH24 ¥ 2 fE 1253
EINTWD,

3.5 T—2WNEIXF L

AR=N=AIFATTR MR LI2L Y Y7 DEIZE2DNy b (VNE) FEHE ST
Bo SNHEDDNY D) H SMNAET 2 4 20y MZEFHIIALL 7 Fr =27 2RV
AHA 2 Y Y2 — % — (SUN # SPARC classic), MELEEEY AT A% EVEPLTV S, £
LT 42Dy PTROLNZT—F1EA2y VI =2 %A L THREONY PIZEXRSNE, &
NEDT —=Fx, SOPFINY MIBEPNDAA T 2 Ea—F— (SUN # SPARC station 10)
DT LY T = Y EIPUS L7z PMT OF5 R U2 ORRE#R, BalEHs B8 LEHT 5,
FTH I N7 — 51310 4B & 12 100MByte §°2 FDDI® 238 U T IO BANDE A7 T 4
YOy ¥a—% — (SUN # SPARC station 10, B +#% VPX210/108) 123% & NEIF S v 5
(P43.12)0 1 HOT — ¥ &= 13# 12GByte T 5,

Charge(Q) to Time Converter
®Quter Detector 2% V) . SRRz &
77 4N— r—T N
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r

SCH
ATM |
SMP

PMT x 12 i x20 .
' 6 SUN CL

ATM
GONG SMP x8

SCH
ATM

7

! ¥
' y20 N SUN SS10
TRG

PMT x12

ATM

3.12: T—FNET AT A

35
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Salb—vgr

\'1

F4E EFLFHIO-

COFETIIKK ERTTFHENDL A—3—% 345 7 TD OD triggered event DR, px N5
BRSO A RO %8B 10 To By FANMT - Y32l —Ya VIZOWTEH
WY 5,

=a—= M) ORIGRIZAKE X DA OKF 721350 E L, OD trigger (45 3.4.2 i %
ZHR) OARTH v b &HiT 7,

4.1 KEK-PSH»P65D=1—-bU/T7F79 TR

K2K OEEHIH (102 P.O.T.) THRAESELZZa— ) JE—LDT T v 7 AlE, A—I8—%
IFAYTRATRALIDE) R DB, $72. 759 7 AOHIMEORHEEEITE10% & B
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4.2 =Za21—bMV /R EE

Za—= MU JBUNIIE, B L b EHEA L2 M AsH Y | FREh () L [24, 25, 26].
ARIBIZ & 5 1B RUG [27), RIEBEMERLEL [28, 29, 30]. BFHEDIL— L v b IndE S
31, 32] b %, ENENDOFUGRIIUT DL I 1% 5,

TEA L > b PR, (vN —= IN )
A L > b BEMEREL (vN — vN )
TES LY N IntERIS (vN = INnx )
RS L 2N InER RS (vN — vN'n«x )
HEA L v N GEIEHMEEL (vN — INmrm>1 )
Bk Lo b RIETE I EEL (vN = vNmrm>1] )
WEALVYFae—L b InEBRRE (v1%0 - FaoTX )
FHEALY I -V InERRE (v%0 - va® X )

SEOEYTHANE - VI b= arTRESELANY ML, EyL LTk ERD 2
BH 5, BTEHRPRLL-D, CO2008MO=2— M) ) KISHEBED BA 5,
EFEHRELT, UTODO2EEBTAHLENH S,

Q) 7z LIEHEENYRE

B2 HHZ7 2V INFOERE LTHK) 7 2V I HAMEECBT % T A V¥ — BN O
WEPLED T2 E0, BRI HER COMTOEHROZ L% 7 2V IEBHE LV, &
FUET 2V IFREF DT Y FBICHE D 720, K37 2V 3EBE L ) K& WEBIE %
X% 52V eV RIRAMZ S5h b,

(2) T RS- DREAR

THEFPREL L =2 - J - BFRST. FOrdSBE TR BRI IR S 5%
BOZ L Thb,

ERIZOVTIEERGTH D SiO 2 B E LTHFOMELYERT LI ENRYTHDLA, &
FHIRELZENE LTRSS, BHZLUTICRET,

o REDIISHIERII N I A D VT, A== 3IF W Vv FEBRCHEASINTVEDDTHD
BEEITE W

o M TEERTH S Fréjus DRR == — U/ BHER RIBBOENIREK) O0Y 32— a
YTHKEIFIERL7 2 v I EFE LSy VERLAVWCHELTW A
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e —a— bt/ STELrDFEFHIC L ARINEIEIZ, ) 3L OHIBEICHRTED
RREDFLY RO EHEEEND D, b LRTHEHEIBRKRICE > TodsETRIRE 72 & LT
by A L b Th.2event, THES L > b 10.4event(/102°P.0.T.) LA L v, #
LTCINIELERD 5%DBAIZHE 2\,

INHLDOZ ENL, EMEMETIHML T FNIT L ARSI SUSKIERE O ARSI H AT
NS, BB RV EHK L7,

FOSKTHREONHEEME L ¥ X2 L= 3 » Tffibh s FUSHIERE & 58 ([34] ~ [43]) THlE
SNHDEZHBL T, £20% & BfED - 72 (M 4.2),
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[J:SKAT79[37], +:BEBC79[38], A:IHEP79[39], 4:ANL79[40], @:BNL8O0[41],
B:BNL81[42], X:THEP96[43]

4.3 Za—bMYU/REIDBEVBEICZ—/IN—HIFHFTCFEEINS
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5 x10P.O.T. HDEYFANE - ¥ Ial—vareikEdi, 2055, OD trigger |
Dol AN b EIE 306.8/100°P.0.T. THotzo WRZEALIRT, 7. HEAL Y IO
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AR OFEIAIZ, OD triggered event ® 9 b =2 — b 1 ) RIS TH: U7zl 3 L ¥ — ok &

<V WIBBHERICE CE LD 00 ERT,
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ERIFTHE AL 2.0 | 30.8 (5.8)

Gl 32.6 | 274.2 (63.0)
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Hol,
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4.5 Ny T KOREHY

KEK-PS oD =2 =) I pLLUNDA XU N (Ny 2759 0 F) #BET 572012, ¥—
BEAIVTRED LIPL, ZDIAIVITRHIZLEOPNY 2757 Y RHEA>TLBDT
ZOREFMEL /20 N 27T FREELTEHEH AN L THD,
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TOMQR) DAY P 2ITIZEIXE>TIDNY 27 I Y N2BAERDLI ENTES,

2% 341 i BR
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CDEIHIT, 451, 452 CHEEINE Ny 7757 VFIZEBHTELBICLREN., S50
WO 7T T IR, DENVFEHEBu AN MEI—EDL—FTHEDOT, BMENBEARV P L—
M SHEMICEIEEICNY 77T VR LARLVEFIFAZ ENFTERETH S,

4.6 IRHEXE

OD triggered event ZHRHT 2I12H 720, (1) FHBIRIENT=a — ) JHEEA L 724X
vhEL Q) BREIEEOER T — MY JHEEHERI L, BE L u dWKEICA 5 72
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EHE BREE=E

COBETRELBOES/THVT - ¥ 3alb—ayTHOLNLEREZAVTY, 0 r,0=a—
MU EBIIRE o TV BEAIELNE A XY P HOBLEEE L, =2 — Y JIEEDST
A—% umﬁ@ﬁﬁ%*bﬁ:o

51 yy v, Za—bU/IREIEERLAAEZER—IN—DHIAHFTT
THE N3 OD triggered event D

N (L17) | EFENTZE &y, TH 72 b 0D, (EZHEEEE L(K2K T 250km) D & 12
vy THLHERIIA (5.3) THEZ LMD,

Pou—=vu) = [wulv(®) (5.1)
_ ) . o [ 1.27TAm?2(eV?)L(km)
= 1 — sin? 26, sin? ( o (GeV]d) ) (5.2)
2 e 2
= 1 —sin? 26, sin? (31;,,5(%?1/(/3)/ )) (5.3)

K (5.3) 20T, T A—% — (BRAMA. BHEE) X ABHBOLEILEEHET 5, sin?20, =
1L EOMELL Y MOBRMBIZR 51 DX )BT S, CORERTH2S LI, Am?
=10HET=a— b Y JIRBIOZEIR D B CHEATWT, M 1/41ICETHoTLE d,

ETANT - I 2 - arTHELNILARVINDBE 2 — ) IR NVFE—-FFNFN
X (5.3) CRALZMEOARD =2 — M) VER2ERE L BEIBONE ARV ML R D,

5.2 YDESE

HABTHRONIANRY PER (5.3) ICBVWTZa— MY JIREID/ST XA — ¥ —Am2 L BE
£ sin® 20, DIk A ZEICOWTRD A XY M EACT, AR TR REET A LT, =2 —
MU IR DB R E R0 7

X2 _ (Nno.osc(J; osc)2 (5.4)

48



&.400

S) . Tocurve

Som | ;

S

~

[ |-

§ null oscillation line
L H

‘S0 |- " oscillation curve
§

=

g

3

]

e
m’(eV’)

5.1: sin?20, =1 TOZ=2— b Y JIEBNIC LI AEI L~ P OBIBEOLEL, —2—1+ VY JIE
By CEI S N A MDY, 90%C.L. DML Y DR o TR BAM2OHE (— | | < TRLZEHD)
TZa— MY IR ORGEED 90%C.L. THEETH S

02ip = \/T g + 0% + O + g0 (5.5)
Nno.osc . Za—bhY) /%’E@J%%@ L&\/‘%{E\@/f’\“‘/ k %{ = 306.8
Nosc o Sa- M) R ZERLAGAEDANY M = 103.0~306.8
Ofiug : KEK-PSHHLDZa—F Y75y 7 AORENE = 30.7
Ocs i Za— M)/ - BFRISETEEO A HEE T = 55.2
Ostat s ANV OfFEHRE = 10.1~17.5
omc : EVTFANT - VIal—Taroffitias = 178

Za— MY JIREDEWEEE 90%. 99%C.L. TEHET 55 (= AREE) i$Am? - sin?20,
P T (5.6), (5.7) DEHEMATEBETH 5, -

x*(Am? sin®26,) > 4.6 (90%C.L.) (5.6)
> 9.2 (99%C.L.) (5.7)
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53 —a21—FU /iREIDER

OD triggered event DA TEDIEE =2 — M) JIRBYZIRFE T & 2 08 L7z, OD triggered
event (3 K2K O FELFL TH 5 contained event L EVWH =2 — 1) JOZAINLF—2H15 2
EETERVD, FANLNBMEIIARY ML DR THD, Am?, sin? 20, % Z{L S TR
(5.5) Dx2xRKDT2,

ZOREFR . Am? = 9.7 x 1073, sin?20, = 1.0 I2HBVT Nyo.ose = 306.87 Nyse = 103.0 £ 72 1
X2OBRAM10.5 21872, 72, K (5.6)(5.7) DEMZMT=a— b U BB 2 HREER
? contour &K, X 5.2 OFER % E72,

RIZ. TD contour & K2K DFEELHHL TH 5 contained event TFEEN TV 5 contour, F
A== IF AT ORK=2— M) O TES N contour & D% X 5.3 IR,

contained event IZHRBH L RE N =2 — M) JDIZAIVF—ARYZ F VIZOVWTHTARS LV
RTANDH Y . FREBITNE WD, KK TlEET A TFEOED 572 NbDHEFL T2 —
MU REIEREES 5 Z EHHEETH B Z WGP 0Tz, T2, A—8—H 344 ¥ F D contour
PO —EFICOWTIHNRDL Z LD T& S, £ LT, contained event {2 & AT iZ OD triggered
event Z 5 LENITE A DRER L Y HIC R WA BRSSO contour 785 M, OD triggered event
L K2K EBROMEM 2 E 2 R72TZ LHTE L,

5.4 SHROFE
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LY TBIERRA—N—AIA AT ERLBETHL 0 S, T2 TOANY P R USE
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ICHBATALEND S, 22T, ZOBNEITHIICHD, ABBREBOEYF A LTIZDONT
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RUN 999999

DATE 99-Jan-18
TIME 0: 0:46
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Al2 HEBRHEEOF —4¢F 21— T FBROELFHIOE DS

OD trigger ICHELZFTRIIPMT Oy MEOALD T, by M NG TWIULEY T AV
DIEHTE S, ANV IMFEOPMT by MEARBLAERZH A2 I1IRT, Hid,

LY M paa) — €Y M ue
_ (A1)
v v} ifl( MC)
DEDGFHBRENT NS,
D 51
50 Entries 100
Mean -0.9600E-01
RMS 01673
X/ndf. 3062 1 2
Constarit 47.83 + 5.946
Mean -0.9104E-01 + .1828E-01
P Sigma 016185 .. D.1I47E01.,
30
» <\‘
10 /
0 o A
2 1.5 1 0.5 [ 05 1 1.5

K A2: PMT by N DA XY MEOE

A211 5k, AL OFLEIZ-0.0960 + 0.0167, #7ABATT 49 k LIz & DL
fH%0.0010 £ 0.0162 T, F2— =7 FBHOELFHVTOE v b EHOFH A5 10%FE1S < |
EF—F LTV HEWI EXbR b,

A2 FEFHNOOF1i—=>%

FBALET, EF S EEVTANTDEICTNDEDH ST EWNbPo/z0T, EVFHLO -
VIialb—¥DF - T R T o7,

FAMLAD DT,

1L ¥ ARy 7 (AHPRERICEIAN TV B SY — ) o=

2. PMT DOLER)=

3. wave length shifter([¥ 3.10) D INER)=
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4. discriminator @ B

Thb, Fa—SVFHBOFEVFANALEFT - FORBEPR A3, A4IZTT,

BA4IZEDE, A1 DOHLMEIZ-0.0040 £ 0.0209, F7AGHTT 4v F Liz& &0,
fiE13-0.0284 £+ 0.0179 £ %20, 3RUATEY T HANVA 2 F 2 —= 07 T5Z LTI L,

I, EASEHONY 275 Y FOBREOBICHVS, OD b v FERIEICOWT b FED
e o72 FERIIBASL. A6ICTRT,

BlA6ICX DL, KA1 DOHOMEIX0.0273 + 0.0216, FT AGHTT 4w b Liz& &l
12 0.0074 £ 0.0163 £ 720, THELH IBLINTEY T ANV T EETFT—F ZH5bELN TV,

A3 EFLTFAHNADF 1 —ZF DT hiZ & 3 REEE2EDE

FBA2BCTEYTANOADNIRUNOTNCTF 2 —=2 v TELI LR R LD, EBFNT
ENKLVOBREPELZ0E NNy 27757 0 F OB (5 4.5.2 ). R (FE 468 2h
FRIZDOWTEMY 5,

A31 NyT7T959 K OF

Ny 72777 7FiE, OD by +RHIED A v b OfE (230nsec) D A XY M2 & o> TEAL
T 5 (K4.11)0 230nsec ® 3%iL 6.9nsec 72025, ZDH v +IZ OD triggered event 250275 72
WAy b OfE% 240nsec ICEETH &, Ny 7757~ Fid 1.0 events/102°P.O.T. ¥/
L T 4.8 events/1020P.0.T. — 5.8 events/102°P.0.T. £ % %5 %%, HEHMTEZEIZE DTV,

A.3.2 BHIIEOZEAL

KeHi%hEIL, OD trigger(>19PMT hit) 35D 4 XY M2 L > TEILT % (X 4.12) 19hit D 3%
(3 0.57hit 7274>5, (1)19PMT hit © 4 X2 F A 0D trigger I[P 5% { 2584 L, (2)18PMT
hit D A X b A% 0D trigger I2D 2 55E%2Z 2 NETEGTH 5,

(1) DAXY M 4.6/100°P.M.T., (2) DA XY M 3.2/100P.M.T. HFFE L7z ThIZ, 41X
Y MBS (1)-0.4% (2)+0.2%72F LAZE LR WI 2R LTWT, RfkiEE L LTIREHRT
ELRETHA,

A318, AS2HEICTEMli L7748, BV T A NUDF 2 — =07 OFTNIC L 5 REEEIT LN
DA TERTELZ LG0T,
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Entries 100 i Entries 100
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K A3: £7—% () LEYFHNVa () O PMT & v s 54

[ D
s Entries ]

Mean D.AOVGE-02
] LRMs 02088
I X/ndt. 8926 1 4

L Constant 0.52 + 6718

L Mean 0.2836E-01%  P2SIGE-DI

4% Sigma 0794+  .2229E-01

20

X Ad: PMT by MIODETF - b Fa—o 0 FTHBOEYTFHNTDO]ES
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D 72
Entries 100
Mean 150.9.
RMS 36.36
50 100 150 200 250

B A5 £5—% (k) EEYFALE () ®OD b v kMRS

X A.6: OD v NEFHIBDET — ¥ LFa— VT HBOFE

D 73
Entries 100

7 Mean 153.3
RMS 50.76
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Entries i 100

Mean 0.27278-01

RMS 2153

X/ndfi 5723 5
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ean 0:73605:02 Y. 169 1E-01
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KX 22 BHIZH720, $7, BIANT WS EBEP OB THES, F/12I0DA—I3—
MEAERE V) TIES LVWERICBNTE2BEL 52 TP E BRI ICEH L T3,
T, BRI ERICBGICTREL T RS o HEARAEICEHL T, BELEDO T THREIC
DDV EBNTEZZ LRI ICRVET,

FHREZSAE SIRE—IEEZ I LD LT 5 HEKREFHEMETOEEF ICITVA VAL
ME. WhEHE I L, CCUEHOEYRLET,

KEK OF)IIA—H#IRZIZ LD, E362 25 KL —2a yOF£12iE. RIS DI EIT) 5%
ZRHELTHE, 72, WAWALRT— YRS, Mih2HEET L2, REEHLTEBY I3,
ZLTC, FBREOEES A, FEEICIIERICBHFBICRD I L, ETOBHFHLTVET,
FDEPA—IN=H I+ N T ERFAERED T 4, MFHE k) OF 4 &3 L2 e B
7,

BRI BV T BB, TIEEBLE, 4K —B & A, Karim Trabelsi & AI21Z 3 —
TAVITETHRABRILERZCHEET L, KB ZHYEITET L7,
FEEREICIIFLAEDEP S VWANA LRI LR HATHEET L /2. SXWiHO
R EICHEREP LD R T CHITHET L, LOSEHL I,
WEOHRAREAZEEFORALRI L TBMFTICRY T L2, HOEH) TS L,
ETHRE, RURFEERBERO T A 1IEBHRFICLVE L, Y 2E)T8WE L,
MOZ A, FHSAKIE, MRS VT OXEL LCIFFICBMEFICRY T L, 720 B8
BT CTEEE o TVAIICY, FHEAOHWE CIERSET 22 E037-U07-UH) T L1z, 20
BPNTTHENT O I LR THIENTEE Lz, FEICEHFLTVET,

HEDNGS A, BREZA, TREA, FIREA, HEEA, BIES A, PHEOZ LI1TD
LAAMBEENO S F SERECTBMEFICRY T L7

FISAAEDRLIRE . UEE . HFE. WHAB LI, BVICERZZHR LD ) 2 L THERED D
EWTE, $7-HEOEFEIBNT CELLBIRZIL2EH LI T,

BL1€0oFHE. HE. EME, =8, FM4FEORILS A, BHFEE, BHEBICIIRS
EHLZVWEHRICL TN 2T L EEQICELWEETHo7- 2 2 BREVLET,
Zoftl, COEBREXBLTHE 72T RTOFLIEH L2wEBWE T,

ZLTHERIC, RESETRTIZZTINATRIEH LT T,
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