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K (%)dam / (%)f};m
Kamiokande 0.6015-9% + 0.05
0.5715:98 + 0.07 *
IMB 0.54 + 0.05 + 0.12
Soudan II 0.69 +0.19 £+ 0.09
Nusex 0.9970:32
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0.87 +0.16 & 0.08 *
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BRI b, ST TREMEILDZD, 2HEDOT L — 5=/ (e & vy ¢ vp) D=2 =Y
JEENIOWVWTER b, :

Za—tY 2R, EHRLTLABICWETOBT LR EA L Y M EHEERZ T 508, BF
Za— MY 2 PBFIIHEI L AR ETAZ LN TEDL, 2O L) RHEEERAP =2 — b
Y 2 IRENC R ER 5.2 5 2 & (MSW 3#) % Wolfenstein 5 755H L 72 [14, 15]c MSW %2R 2 IX
D AN7z=2— kU /BB % Matter Oscillation, BL) ATV 7%\ % D% Vacuum Oscillation &
IR, MSWRIREEF=a— ) /2 &0 =a— M) VIRENICOABERZ 525720, ve <> v,

Ea Ly, o vRBOBRCHIERRZ, L L, FPREfoRER=2— ) VIRE)ERTD
% CHOOZ OfE% [10] 12 & 4T, k& =2 — b )/ FIEDMYE L LTy, < v, JBB)IE 90%C.L.
TREENTZ, £ TIOMIL T v, ¢ v, % DB Vacuum Oscillation iIZ2WTOARFRY
5T LT A,

LLF . Vacuum Oscillation I & By, < v B OBBHERERDL, =2 —M) /DT L—N—
DEARE V) vr)id BEEAREOEBIBEE ). o) L REA,ZHNWTOEDX )ITE
F %

|vy) = cosby|vr) +sinby, |vo) (1.1)
lv;) = —sinb, |v1) + cos b, |v2) (1.2)

HBEBAO=2— ) ) ORER T L— - OEARES L OVEERERECERD b TE
T,

v(®) = vu(®) lvu) + (8 vr)

= i (t) 1) + va(t) o) (1.4)
FNEFNORBOMICIE. ROBFRIEY L2, _
vu(t) \ _ [ cosf,  sinb, v (t) (1.5)
vr(t) )\ —sinf, cosb, va(t) '
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F 72, vi(t), vo(t) DEFEIFEE X, Schrodinger HAER

d
ievi(t) = B(t) (7 =1,2) (16)
TEREND, v,(t), v (t) OEERIZ, X115, 1.6 2FoTRD L) IZEE D,
; v (t) B cos@, sinf, \.d [ 1n(?)
dt ( (1) ) N < —sinf, cosb, )Zdt ( va(t) ) (1.7)

u(t)
( vr(t) > 8)
| (2o )
vr(t)

B cos 6, sin 6, FE, 0 cosf, —sinb,
N —sind, cosb, 0 Ey sind, cosé,

B [E1+E2 ( 10 ) L BB ( — 0820, sin20,

2 01 2 sin 20, cos 26,
%1 za‘%l%wfmyﬂﬁ,|VT|2u;tg§b%&w@’6\ E R T a-RaN
; vu(t) _ Ey;—E; [ —cos26, sin20, vu(t) (1.10)
dt vr(t) n 2 sin 20, cos 20, v, (t) )

Za—=F) ) OEEm; LEBE p, IOV T my; K p WY LD ET D E, EBKE; ~ p, +
m§/2p,,%1§0 TRDEHIICERTE S,

i va®) ) _ (£)cos20, (£)sin20, (,, (t))

( +(t) ) B ( (le) sin 26, E—L’{;g cos 26, ) yj(t) (1.11)
2
my —
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v(t) = {cos 20, sin (g) + icos (2—:) } vu(0) + {Sin 26, sin (g) } v-(0)  (1.12)
vr(t) = — {sin20v sin (z—z) } vu(0) + {cos 20, sin (%) —icos (22)} v-(0) (1.13)

L% bo WIS Y0) =1,1,(0)=0DTFTIa—=a— MY/ HHM L(~t) 2o L72RIC
TL—=N—%E L TVBHERIL, KD LI 5, »

Py —vs) = |(walv@)P (1.14)

= 1 — sin?20, sin? (Z—L) (1.15)

v

1.27Am?%(eV?)L(km) )

2(GeV/) (1.16)
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THRRDLZENTE S,

= 1 — sin® 26, sin? (
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BT OEREHG B DEELRERE D, 2000, Za— Y JBEIOBRIED 72D O FEERDS
Bea=a— b 2EEHCTESZLATORTVE, BIETEA2AMIOMHEBIL, =2—FY D
IARNVF— Za—b ) JEPSDOHEEEICEL > TEDbLoTL B, B12IERTHVONS Z2—
M B, T ARVF - (EHEEEE. REETE 2 Am2OEE R,

INFToa—+ ) JREZRET 8OO EBEEIRESINTVEY, —a—1+Y I
Bi 2 ERE T A 123V 2o T\,

T2, SNETICHENZEAER T v 7 p A X2 T OFTHERICIE, 1992 4£0 IMB[12] 7%
Ho Ll HARHEZ RO D & SITfE) =2 — 1Y RUGHITER QI Y #2122 T, Lipari[13]
2 & o TR DD o 7255, Z D% IMB 2 5 FFT O ME 1T 2 v,

P1412, ThETIIHEONTVWE =2 — 1) JIEEI/ST X — & Am?, sin? 20, D HAHF % 7=
Fo 1.4 1213, Kamiokande-ILIIT 2B} 5 LR 22 &K p A X2 - ORHT[11] 5 HB71-55%
WL IMBIZBU A EEEAT YT n 7T v 7 R FMERERT 1 7T v 7 AD RO [12]
PoRLEIEEEETIH L,

L neutrino source l E,(MeV) | L(m) Am?(eV?) ‘
Artificial Reactor () 1 10? 102
v source | Meson Factory(ve, >y, 7,) 40 102 101
Accelerator(vy, ) 103 104 1071
Natural | Atomospheric(ve, e, vy, 7y) | 103 ~ 10° | 107 | 107* ~ 1072
v source Solar () 107t~ 10| 10" [ 10712~ 10710

#£12 —=2—MY JEEAM?

1.6 ZDiRXDENE

KRE=2—b Y R, KEERNE LTRELLZBFE pHF A XY (contained £ X
M) QN EE L TIREEN2A, RHE 4 4RV NSRBI EORE BN E LTE L 4
RAZ2BHT 2, oz — M) 2 OZRVF -, ERE RN v Ty £ X2 b Tid partially-
contained 1 N> h L FRED 10GeV, LIMEREHR T 4 ANV P TREZOBLZF10ETH D,
7z, contained 1 XY MEZa— Y ORUSHAMRIBENEZA, EIE 4 4> b i3
WIHB TR L, ANY POy —VIEKERLE D, 2D X )T, contained £ XY b & Bz o
IHBEHOANY P EHVWTARRE =2 - M) VRBHIT A L3, KR==2— ) JHEEE

VRIFEMREL O F RN, KIREONN O L ROREEESHBINAZI WL & (W > 1.4GeV) IZIXE LV RUSET
ERZFHLD W < 1.4GeV Dk &2 quasi-elastic BELPLA(1232) B % E 2B L 21T E% 5%, [12] T
. RIHUEEEORE W < 1.4GeV (S0t L CHEA L TH Y., Lipari[13] DFE LI AZ (B2 oTWV2,
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1 LA L R LR AR RALRS RARES AR RS -
L7 e C
::}..:::: ......... Vs -
e === -
O Y (90% C.L.) |
> N O,
L : ) L CDHSW 4
) L
g 1 [ Kamni
-1y . amioka II+II
< 10 Fi : Kamiokande 10—1 — Upward—-Through muon —
[N E ]
—_~ [ 4 h ~ 7
“:’; - / i
bt L 7
o
'
2 g
10 + 10—R — !
B Kamiokande y '
. 1
(multi-GeV) 3
- \
- \ S Kemicka ]
- Contained
L N ’ B
3 N 1
5 < '
10 C 10"3 — ~ ‘l' —
o . - - ]
r \ R
- - 3
LIMB Stop/Thru —————S~ _ _ .
-4
) QLT NPT FUUTE FUUTE FUNEN PO FURTE FUTUN S 10—4 Lao Y T T
0 010203 04 0506 07 08 09 1 0.0 0.2 04 0.8 0.8 t.0
sin? 20 sin®(=e,)

14: =2 — MY REBFEROBIR, (£K): ve < v, oscillation 90% C.L. contour. % I %
B T CRL N HAEIIL CHOOZ THRE SNz, MIE[10] X WEIH Lz, (BR): vy ¢ vy
oscillation 90% C.L. contour
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ZBETHIROANACEREVEEZ D,

BRSNS A& p T B =a— M) VOFMIIBIANT—CRBEIE—HTEDT, u
RADORET SHEDODHEZRNL I LICE YRR =2 =P/ (1, 5,) IKOWT, Za—}Y
JIREINT A= T AIERERLEIENTEL, A—8— N I+ VT HHERT 1.6GeV LA
EOEMERIFT p IR LTBE 21" OAESMELRE, £/, COKERBOBMT T
THIC1IANRY MEEO FMEEERT p ARV P Z2EBATE L), ARSI S =2 —F 1 )
RE)D/XT A= F 120V TOEREEL ICRBEOKITETIIRTHTH %,

ZIT HEZTRA=N— D IA N T CRENZ o7 LIAIE A v T pIEET 5, L&
APy T u D=2 — Y ) OFHIANF 138 10GeV T, EHMEREKIT pOZNLD 1
KNS WOT, INL2FEOANRY P RRBTAZ LI, T4bb, K&==2—bM )7 TV
TJADIANF -Gz ]{5Z LIZ% 5, b L contained £ X b DEFTPH LB LN TWASEF
#5872 — 5 I (sin? 20, ~ 1,Am?2 ~1072) T=a— b ) VIR > T B 42 51, kA
EREPT p LIHEV, EFHEAN YT y DT R NVE—HBE TIIZOHEIEEICHSbNDIT
TThb, Thbb, LHERA N YT 47T v 27 AL LHEEEHT 47Ty 2 A0, T2,
EBMEAN T T Ty I AOHGHEDS . BEDOHKEETL HHC=a— MY JIREIOKE DS
TRAHTEEEZFoTWwE LR b, :
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E2E X—N—H3IFHLTHRES

2.1 BHEE

A== B 3IFH U TRHEBEIBREES AN OKF oLy a7 BBHETHS, F L O
7id, IR n OREH CHEN TS EOBEF TONE c/n L GERT HEIC, K21
TEREIND L) RAKO FMIHKBENEHTHS (K2.1),

cos O, = % (2.1)

Cherenkov light

21: FxLva7¥nf A—-TH

KOBA (n=1.344), B=1 TF L ¥ ITHO I1F §42° IC% B,
72, Fr Ly aTRORESIE,

2
$$=md%Ofn%J£5 (2.2)
N : BHEh2DEFH
z o EEK O R
A BHENDRTFORE
Z . WENTOEN
a PRI 2 2
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TEINS,

K21 DX)ICF 2Ly a7 RdHAMEZFE> TWEDT, ZONEMEROKEHEONEEC
LD 5NTWLHBEFMEE TR L, €OXE., KB 5 HROFHE LT,
COFROFEER, BBE, NFOMEL &2 PRET 2,

2.2 MREHBE

A== R I B (K2.2) (&, CEERRRT 2 & 2 W LIRS (X 2.3)) DT
1000m (7K 2700m HH24) OH OIS I 5 7 LIFITEME ICEZE SN, 1996 44 B H» 5K
Bl TWwd, R21ICA——0 314 h Y FRBBOUEL RS ZORBBEIBTICH D
DIE N 77T YR ERBFEEBRPO NFEEOTOT, RBBFORHICEETE ST
P OO BT ANV F — 138 1.3TeV TH 5, 72, HIETOu RF OB T 109m2y~!
THLHH, BRHEHHETRZOH 10584, A—3—% I4 7 U FRIBE TN SN2y OF
B3 22 Hz TH 5,

LINAC room > ’7 \
\ 20" PMTs to ENTRANCE
£ B control room -
o
B 1
N 23 I
: :\ N =20 I L
L: o to KAMIOKANDE
electronics hut ’ h W I =5 |
: S
) | i water system
T s ; Mt IKENOYAMA
el 2T i SRR
§ e Z AL ' T — N
~O0 Y
A \ WA !
SUPERKAMIOKANDE  instirute For cosmic RAY RESEARGH UNIVERSITY OF TOKYO A

2.92: A—)NX—Hh 3IFH y?*ﬁﬂj%&.
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FRB (95 ka)

. . 7. "
EWR (Fn0ra) - Zgn, SR

x & /A 2 # B A
X 2.3: A—X—H 3IFH FBREBBOMNE

A== IFH TR BRORMKE 2 5L, EE39.3m., & & 41.4m OHFE T, 20
HIZHER 50,0006 DFKZ 727, SBEIZESHS0cm D> 7 1) — F TEDLNTEBY, KITE
T ARMIL I~MAMMEDRT YV VANR-> ThH b, T2, HEPD 2.5m OVEIZAT Y LVAD
PRl OREEARIER S, £ 2 ICEBETFHESE (PMT) 5L 236N Twb, /2, ZOMIET
Fv 7 v— b RESZ LTI ) HFRISNAE LK ST STV S (WAREIZER 33.8m,
B X 36.2m)o < OPIKMEIZIE 50cm @ PMT 11,146 AW X ICH O AT TH Y, AAEEE
WD 40% % B /85— LT\ 5B, JLKEIE 20cm @ PMT 1,885 A%, A& ICHO AT THY
BEORMIHDOINENRE L THOHBEDY ARy 7 TB-ThbH, WA, skiliz, %
LZF L inner-counter. anti-counter EIFEEN, LB ICAKF Ly a7 HOKBBETH S, WA
R FRRIEDOEL L BEHTHY . NAKEIIERD S OyRPCHETZRINT 5 & & H 12,
Do ABTHRF (F& LTFEHB») 2. SHBANKT 2 RF OB 217 ) &ZEl 2 ko TWwb,

T2, KEOLEFIZEDDO/ME (Y B SBRB SN, ZORICHELMHGEESL, 7ur b
YRILZ bR s A, Py WEEE, oV o VEBLREVRDH S,

BRUSRELOEZRIITN P O EBRER LMY AR, T4 NVY —%@BTIET Nv I T390
K& 7% B EERM TR % D VIR IR > TWwWb,
BHEBROKIT, HEAEE, WREEABEE, 740V5 —, A4 URBEE, RIVERET %
EP 5% HKOMALEREIZ XL, BEHERIV TR NI 7V 7 A% E2 Y BRVWTW 5,
KEADKIZ, BEZ 40 HHTHEERT 5o, ZOKE. HED 1/e(e IZBANE) IHET KD
HWERIIK 60m, KF DT F ¥ BEIIH 0.006Bg/m3 2% > Tna,

20



Parameters ° || Remarks
Total size 41mh x 39me¢
Total mass 50,000t
Fiducial mass 32,000t supernova v
22,000t proton decay,solar v
Thickness of anti-counter 2m
Number of PMTs 11,146 inner-counter
1,885 anti-counter
Photosensitive coverage 40 %
PMT timing resolution 2.5 nsec at 1 p.e.
Energy resolution 2.6%/VE e of E(GeV)
2.5% w(< 1 GeV)
16%/VE e(<20MeV)
Position 50cm 10MeV e
resolution ~ 10cm p—etnd
Angular 28° 10 MeV e
resolution ~ 1° Thru-going u
Eyp(trigger) ~ 5.6 MeV(D)
Ey(analysis) ~ 6.5 MeV(? solar v
e/ separation 99 % 0.03 < pe < 1.33GeV/c
0.2 <p, <15GeV/c
Ep—evw 95 %

£ 2.1 A——F 3IFH T O
11,2 1998 4£ 1 B BiAE
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photo-insensitive
region
inner-counter anti-counter

{

>‘\8-inch-in-diameter
PMT

20-inch-in-diameter

stainless steel frame
PMT

fe~— black sheet

X 2.4: inner-counter PMT & anti-counter PMT

2.3 NXKETFHEEES

R L72& 912, RA—=s8—7 345 Pl ClEAAM & Ak ET 2 RO LE FIES %
HAwvwTwa (X2.4),
2.3.1 inner-counter PMT

WA CTH A PMT I1ERFR + =27 28 (R3600) TH 5, £DHERRK U RIKE% K 2.5, K
2.6 12”7,

PMT R3I600

|

_HEAT SHRINKABLE TUBE

CABLE LENGTH
70 Meters—tong

24 E ; c‘
g 5 3. e
| \/
(610£20) . P 1w
695 TYP,
.ﬂ!ﬂl:mm_

K 2.5: 50cm PMT K E KX X

COPMT 3% I 47 ¥ FRRIBEHETHV 5N T/ EE 50cm ONEFHEE (R1449) 2R
L2bDTHY , IEBEOHIEL A L CTHEEIT 5, B PMT ORIERIIH 1.2 x 107 A
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P ca

K F1 F2 F3 }._‘ :
1
' l
| I S
< | ooz oy o4 DS 06 OnT OLE a9 w i EwRis =,
i
i W | e’ m N i N S o st
R ] | i N e 0 M GTRY Tl /5] Alaf s
AAL A AL AR AL A AML AM A MA, [
ny HyY ny ur Y nwyony nr 0y i
c1 x:lz—< c3
L
::RIE
Ris 13WOssr, /2% Ci,ca:r  10nF, 200V
R3: S4SKOE1%.1/2W . . .
R 5 fokasin 1 €3.Ce: 47009F, 3KV IS s
RS:  20KOESK. 1/4W wy o~

R2.R6-R15: 274KQL1%. 1/4W
RIG: 200KO1%,1/4W
RIT,R18:  10KDEIX. 1/4W

2.6: 50cm PMT @ R&#ERK

ENTWD (FIMEEIZEEFIC 2000V), &0 PMT OBFRE, BLUF =LY ITHDOANR
7 N7 A% 2.7, K28R, '

— S )
Q\Q, /s’ \N\
z 10 x el
Q N
j o .\\\
S | A
= -
o [ (‘)..‘ —
E L é' _— A
= ¥ . AR
I W
o’ 1 ) D
(e} 3 A
X.
%
{
I

Wavelength (nm)

2.7: 50cm PMT O & F5h5

M28756F LA THDOE—7 EBFHROE—-71FTIZTHL VDL LD DL, T =
LyaT7ko¥— 245 A =390nm Tid. EFFERIT 22% TH b,

COPMT REEIZED Ipe! DE—2HBARZDB X ICRY, TzkHSHRE D E SN
2.9 1F 1p.e. 1205 5 ADC245 A TH HDS, ¥ —2 / 4 X (ADC 2 0 f:%) & signal(ADC f&
1 AEICE—=2) Mo E PR Tn5b, ZHICE D, KHD Rn % EOWEKERIC X
Ny 27Ty R R TSRS TRIE, TAVF-RA Ly v albF (LEWHE) 2B FIHLT
5MeV T 52 EATRRICE o720
BRI MREEICOWTIE, A3 FH YT THW SN T W PMT i 1p.e. (28 LT, 5nsec(lo) T

1photo electron
% Analog to Digital Converter
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60

40

20

Relative (_:erenkov Spetrum through Pure Water (%)

Quantum Efficiency (%)
&8

Quantm
Elficiency

Retative Corenkav Spactrum
through Puce Water

L ‘
300 400 s09

Wavelenghth {am)

600

X 28 FLYATHDANRT FT A

I 1p | I | 1 i
| Entries ! 1007
| Mean : 13.55
:| RMS : 7.745
- UDFLW. .. 4eoo.o . 0
| OVFLW ! 0.
: T 45,414
. 13.63
! 6.7087
: 5.000
e S ]
nu—ln Nl ad

40

2.9: Ip.e. 1203 % ADC 477
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tyvek
sheet

photo-insensitive volumg . wavelength shifter

2.10: anti-counter PMT and wave length shifter

B 572 b DN 3nsec(lo) EUBEENT VD, £7=. PMT OMIBRBIBIC L b HEE ST 57
B, RIBBONEEC AR T A VAL ) O Th D, RS E 100mG UTFICML T b,

2.3.2 anti-counter PMT

A KFED PMT IZERE 20cm @ PMT SHW SN TW5D o & BAIT 5 5% % 2 #5128
B7:0IZPMT D EH Y |2 60cm x 60cm @ wave length shifter D7 L — b 3 fH) TH 5 (X

2.10)o

24 IL7bRAZIXR

2.4.1 inner-counter

R —%—P 34 5 7 @ inner-counter IZBIFTHITL 7 F O =y AT TKO3EV2— )V & VMELE
Va— VbR ENTWS,
PMT 7°5 D553 TKO BB OHEBE V2 — )L ATMSTRIT & SN, ZRFNDO ATM it 12
KOPMT OEFEZWMOTE) o ATM IZEF ¥ ¥ 2 VIC, WIESE, 4 A7) 3I%—%—, ADC,
TDCE, REY —%Fo>TWn5 (X2.11),

ALy va VRl (~1/5pe) 282 TATMIZ Ao TE BRI, BRAERIC L > THEL S
Nb, ZDHIED 121k, WEDO T > 7 2o T 100 GBS N8, TAAZ)I2—F—%

SKEK (BT 4 V¥ — Wy BAERF 5677) CRI% S /-7 — 4 I ¥ X 7 4 C TRISTAN-KEK-Online O#,
“Versa Module Europe

% Analog Timing Module

Time to Digital Converter
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1o PMTSUM W

nroutT W200n 10 HITSUM

DISCRI. e
s

SELF GATE

ONE-SHOT t g
g TACA
_ TACA
OAR

GATR QATA

QACA

wADC
1 l ]“_*22. " racs e

ik
PicLigtiled

CLEAR

QAca
[ QACB

211: ATM EV 2 — VDT Ay 75 AT T T A

# L, 200nsec D BBEAOL b, Thb 12F ¥ Y FVGHRLADENS Z LT, HITSUM
EIFENZRBEDMEDN D, ZHE, 20%, 7= RO M Y A RELHFITELND, 5
DD TACT/QACHZRED N, T4 X2 ) 34— =25 DOfE5 4 5 1200nsec IZ b Y 7 —
BHHUL, ADC, TDC IZ%S N, FUF VERICEMRENS, 7 I % VEBITH Susec D5
B, FOMICST =5 2P IR 572D FMLYATADD ) 1F ¥ Y AIVHBEIN TS,
CDYVAT ALY, p—eBEBEOER (1=2.2usec,TI3FH M) 2HO X 5T LT TH 5,
BONSTVF UERIZZD%. SCHY — SMPORBRTH YT A v a v ¥a—r—0%bhb,

BB PUT— BRD L) BBRETPT oIS, £F, £hEho ATM TPMT ® HITSUM
B bbb, 0O HITSUM OE5 1T analog sum &M, P F— ET2—Vic%ELNE, 2D
BAEPNYT—DALy P aVREERBESH, YT =223 20 E) p0EINL, 20Ok
YH—EFT BNGONGH! EVa— VR BLT, FRLEFND ATM IS NT — ZINEI TFbI S,
COMYH—IE~3KHz THDH PMT DF — 27 ) A XA b B2 TV ARKPD
HAHETESE, B S OV DNy 2 75 Y KRBT B72b, 1998 4 1 ABAE b Y A —
AVwallF ELT, 32 K0 PMT @ HIT 2447 5 E (BT L TH 5.6MeV) D5E%5E X
NTwa, FUF— L—M3IKH10Hz TH 5,

"Time to Analog Converter

8charge(Q) to Analog Converter

®Super Contorl Header : TKO DY AF A2 ¥ b O—F TF — ¥ BEEHHT 2,
0Super Memory Partner : VME #i&D Ny 7 7 — X EY)

GO or NotGo EV =z — )
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2.4.2 anti-counter

HLAAEIZ & D D) TH B 20cm O PMT 5 DfEFIE QTICRICE OGN L, 12D QTCIL 484K
O PMT OI5HEH V%) o PMT DEF %51 & 272 QTC IR EEHR L R WSV A EZD
BICHEICHHA LBV SVAZHT, SRHD/OVAIETDC IS, RH., RUDGEFER
PRI MEENR, YT =L, Y FR-F T2 —F —ICFDFEHRIEM NG, &
HIIZZDFBRIEIHRNAY PO Ea—F — |2k o TRE I NG,
¥ 72, inner-counter DHPA LT L L HICAL Y L g )Vl (~ 1/4p.e.) ZBZTQICIZA-T
X755 55 HITSUMESAES N, TV ¥ A4 M) F—%1EH0Icffibhb, M )H— ALY
¥ a)VF & LT 16 K9 PMT @ HIT(200nsec L) ICHS T A EICEE SN T WD,

25 FT—aNEIRXT L

A== H IFHFTE, WRL72EH I Y 7D LEIC5 20Ny b (VMNE) AREEBE S Tw
Bo TNHEODNY PO b AMAIET S 4000y MIEEHHIIHALLZ b7 ART
A v ¥a— 4% — (SUN # SPARC classic). BEBEEF VAT LR EPTEPN TS, £
LT, 420Ny VTEDONZTFT—FEA Y T =22 AL THRONY MIEXESINDL,
NEDOF—Fid, ToHENY MZBhPRBEKRA T2 —%— (SUN # SPARC station 10)
BEF LY, F—FEIZE L2 PMT OF5 R OZ ORHIER, BRiEReEE LLHT 2,
BB X N727 — #1310 438 512 100MByte 372 FDDI¥ 4 # U CHILONICEIN LS T T A
YHD3 v ¥a—%— (SUN 8 SPARC station 10, B85 VPX210/108) 123 5 T S b
(K2.12)s 1 HOT — ¥ &34 12GByte TH %,

2Charge(Q) to Time Converter
BT 7 AN— =7
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ATM
. B L SMP
PMT x 12 1 x20 \
' x6 SUN CL
ATM
GONG SMP x8
x8
SCH
ATM
' ¥
| 420 [ SUN SS10
PMT x 12 ATM
GONG |« Offline

212: TSRV AT A
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P xa

5£3Z Calibration

CCTIBRHEBOBIFIZOWTHRRS,

3.1 51 EIE

BRHEHEN T AV —lIEiEN % ﬁ&%@cT%tbk‘T«fmpMT®Wﬂ%&&4/
EBIET AUENDH S,
X 3.1127 A4 Y BIED setup M % 7RT o

UV filter ND filter

Xe Flash Lamp
Optical fiber
----- o [ e e e

SK TANK

OO

Scintilator Ball
<)'\@/ O
QO N O

O O Q O @ ﬁ(]<'\/i1>"T°h Trigger

3.1: 7 A4 VEIED setup X

YUF L= — R VOB EEELTFNFROLBFEB{EONEIINT 52BN Q DHIE
2119 #LTC, W, PMT~AKTAHOABEICLET 7T A, XeF VT DE=F —
% EDHMEZITV, FNFNOPMT IIPTAEBEDELZEZAAZETTIA Y 2MEIT 5,
CDOF AL VOREBEDOEEZK 32 IR T. PMT DMLy A DI 0& 3 ™% TH 5,

T 72, FERun —e EZ AV PMT 7 1 ¥ ORSHEOWIELSBEETHTH Y, 77— %
CEVFAIMEYI 2L —Ya VIIH SR REEDREOHM TH o TV 5,
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Do

A L
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X 3.2: PMT Ot %5 1 DX 62 &, MEIIHIEROER (pC - m?),

3.2 BFEIHIE

REEHRE LTid, &To PMT O 2 FABAORE, BHEOLBKREMEDOHE (Time
walk) 217 ) LEF D %,

B 3.3 IZEE I BIE @ setup 2 7R3,

i ] DR Y 2 BUE 1 diffuser ball 25 OFE#EEL EH L CTIT ),

7z, H34ICRMEEOHBRZRYT, ZOM3.4ICR 515 Time walk DBIEICL b . X
3.5 IZ/RT & 9 12 1p.e. TH) 3nsec DI RREDB LN TV 5B,
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Filter

Optical Fiber
Laser
PMT
~ » PMT l

N e
‘ O Trigger

, Diffuser ball O:
s | AN
¥ V LY
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880 L=

3.4: B L HEOMHER, (T 13HEIKREVHDPRNI LZRT, )

Electronics

SK Tank

3.3: W BUED setup B

Typical TQ map
L . B :
_ " 100 pee _E
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Time Resolution of Inner PMT

2 5r
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X 3.5: By ] 53 E

3.3 KOFEEE(BER)

KOBBRIGELZRESELIFEEELLDT, FOMEEMNETHILREELRILTH S,
WEk e LT, pfitter 12X 0 | REFATFHEL XN FHBuZ V., FREROREFHME
EONBEZHVTHET 5, ZNENORBETHEEIRL 2 HE QRN THEZ 615 (X
3.6)0
Qi=A%0:)'€_%i

A KOFEBHE LED 1/e ICBET HKORBER)

0 : F LA THOAGH

L : Fr LI TRORENEGEFHEE L O

f(6;) : RETHEEOAEAICT 2 RE

A : ER

M3TIXCHOLEZERELTQE27Oy LD THAS,

CORE. KOBERIIH56m THSH, T/, KOBERORMZELZX 3.8 1I2RT,
FERGAEEE) (1996 44 A 1 H) 32K 2 A ICED-EFETH 50T, BER I EBHEY
DR DHEDIC DK DML B AHERE L €. #50 BRELUBIIZIZREL TWAZ L bh b,
B, L= =TV AT ATHLKOBERNME SN TWEY, AELZKOBEREDOEIRELN
TWh,

32



PM

3.6: p&ffio 7KDBEROWE

q x travel-length / acceptance(p.e. x m)

450 2 Indf 403.5..../....20.
r b1 5866+ 08126603
: o2 0.17B1E-03 % 0.4873E-06
L
400
350
N Super-Kamiokande Preliminary
300
t Xi
0 | <
200 | -
150 | i
100 -
50 |
0_l> 1 NSO SN S N T N N T N W T T T T N T Y

travel len. v.s. eff. charge, run002120

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

travel length(cm)

3.7: ROWEE (1996 £ 7 H 6 H)
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FaE AZXAMy T u77v 7 A0OEHEH
=18

K&E=2— M) JREOLMER L v 7y OBGEHFFEE Monte Carlo ¥ Iz L—Ya ¥ %A

WTRDZICIE, KR=2— 1Y 2 ERIMEEBCHFET 2BR R BOBTLOREEER L%

FRIER SV T, BlEE KBTS 201 TSR REROANY M ERESELIENTER
Pol, FZT, Rz — 1Y VIEEBOFAEEBRE KDL &S ITHMHZ 5 X 91T, HimifHE
PREFICRD A2 EICT A,

4.1 BHE

KE =) REBOEME x0Ty 7 A, KAZ2— ) /DT T YT R, =2
FY 2 EERROKT L OIS FEe, % £ EHWTRE SRS,
IANVF—E,ND=a2—} U/&F%@ﬁﬁﬁmhlofébéﬂwwﬁ77zﬁzm

d%0, d? ¢,,(E,,,cos€ )
dxdy dE,dQ}

LEED,

E, DI AT —TEBRINT p B B % BEHE X (9/cm?) 20 1E# L7228 EgpU o i
VE=F S TREBICA> TL 2% % g(X,E,, Ey) &35 L. RIEANG,OLTE n DT
T 7 AIRANTEIETE 5,

dey( Eth, cosdy) / / / / d’o, d*¢,(E,,cosb,)
NadX dE, dz . cg(X
d dy dxdy dEde g( 7E/.L7Eth)
(4.1)

TIZT, NAXT KA 0 THB, PO, ~0,& LT, LT TIIHICOLELSZ LT %o
U DILANVE=DPE,HS B ETCHDLETIMBLIERSE R(E,, Ep) EEF L, BE
g (X7 Em Eth)bi‘

(Xa E/MEth) = e(R(Eu’Eth) - X) (42)
Lirho ZIT, MR |
1 : >0
() = { 0 : z<0 (4.3)

o0
/0 9(X, By, E)dX = R(E,, Ey)
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2o, R41FRDOE ) ICHEEEE S,

do,(Ey, cos 6) /°° /1 /1 d?o, d*¢,(E,,cosb)
GPulth, €OSE) ’ : : -R(E,, Ey) (4.4
dQ) Na E, dE 0 dy 0 dz dzdy dE,d} (B> Ein) (4:4)

o rl| rl g, d?¢,(E,,cos )
= ——dF, 4.5
/EN [/0 [/0 dxdy] NAR(E“’E”h)dy} dFE,d0 (45)

o0 d%¢,(FE,,cos@
= L l%ELrEm)—j%%;Eﬁ——ldﬂb (4.6)
i 14
4.7)
ZCT, BHP%E,
P@,E):/lfd%"NJM?E)d (4.8)
u:th—o gdxdyA wy Lith ) QY .

LERT Do TNIF, TANVF— E i folcza— ) I EEEOMERHICE o Tkt
Bl 2D uDBE Ep D EOT AN F— %o THRIBBICEIET 2HETH 5,

A== IF AT TE, v, oOu~ o, PoDu~2KHTH I ENTERNDT, Th
D77y 7 ADMBPBRMEND LNE p DT T v 7 ADOHFFEICR 5,

4.2 ORI

Za— b)) ASERROMT &S L TER S N u AR CEET 2 ) . p OB
WP CORBERET 52 & THP Do 70, RIBCHE L7z 4 SRR TEILT 2 222 &
BT BOHEIZ, KPIZBT %y ORBEFSLETH S,

4.2.1 BHAHBTORIE

p OERT (FEW 2.7g/em3) TOTRVF —3BEIE, 1GeV UED LRI VEF—D 4 12 LT
. FIBNERS . SRR &% EE LT, Lohmann[16] I2 & > TEHEE N TV 5, K 4.1 12 p OF
BRI > 2 3V F—18R (dE/dz) 2 RT

TANVE— By CHEBE NIz o H5, BRI BT 5 BIE By (S H OB Tl By, = 1.6GeV) I
IANVF—RFLTETICELIEMHIZ, XA TEHE IS,

B —dE
E - i
R( M7Eth) Aﬂ dE/dX

Ey, =1.6GeV & L7k EOFHE#E2 R 4.1 1277,

(4.9)

4.2.2 KBETORE

p DKFTOLAINF I L LT, 1GeV PLED T )V F —12D\>Tld Lohmann[16] DEHE
RREZ N 1GeV LUT D3 )V F— 121 density effect[17] ZELY A7z 4 * LR V¥ —4H
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1 PERTRT | P 1+l sl L aeml FERIEESTT soavaanl Lorasnul PR | v aanb 1 :.nmis. P
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E, (GeV) E, (GeV)

X 4.1: BB TO O FVE L LR, ARGV F K [16], AR p 2 E 0D
Ep TR VE— %L T CIERP %S (GR)

Bk fliolz, TOIANF—IER 4 DETRVF—IZLT0.116GeV L THD LT, KHTO
p ORBERFTE L7 (M4.2)0 SHEOMATTIX, EMEA D YT 4 D track length O TREE Tm
ICERE L7275, 4205, Thidy DT ARNVF—IZLT1.6GeV ICH72b Z ENTH B0

4.3 IRHEBIOWIK

TANVE— BB ORIMBICAS L7z p 25, RIBBHECEILT 2 0REHT 2 2 OHE
Aol EICiE. RHBEOBREZELZTNIR SRV, 22T, H5AENLRESGE AL
FEICHATEDS Tm M Ed BEBICOWT, FOMEREEo TR ERT OB ELR T
FVE—FRD, FOTAINVF—%BALBL A& 7T 7 AR RLHITHI LT, EFERS
BT pu 7997 A%RKDb, LAEAL YT 75 v 27 R, £91.6GeVELED LS 07T
yARRD, 0o EMEEEFE T 7Ty 7 ARG EELTROLIEDNTE D,

L7zho Ty EHER YT 47T 9 7 ARVEERT o7 7 v 7 RIIRBGOBIKET 2
ETHDD, TNOORI([1.6GeV U LD EAE 475 v 7 A1) IZRHZBBOBIAKT L&V,
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B 4.2: KHFTO u ORAE

4.4 KJ{Z=Z2-—-bMU/TF39yIX

KE=2— b U DIFNVF—=ZARY P VI, 1 RFEROLANVF - ARY b V& TTICEHE

SN, BLEXRRAD &) A VF—KEFERE RO,

doy o7

a5 &P
RRA=2—=bV /DT Ty 7 AOERNLZEELT 5121, L RFEROES OB, N o
YHEERZ EOMBOLEE LD, RAR=a2— M) /759 7 A0FHHEIIZDADOFICE -
TITONTWEH, £D9H 5, Bartol[18]. Volkova[l19], Honda[20]. Butkevitch[21] 12 & % =%
WE=ZART PV ERA3ITRT,

RKR=2—FI /75y 7 A%, SHELAE (FHE) HA (cosd = —1(1)) B3b o & /&L,
KFTTE (cos§ = 0) B3 o & b REV, RIEASGAIE, =2 — ) JOZINVF—IlLoTEA
EhoTWb, LAIEuD 7T v 7 A% RDBD| E%&lxw# I (1GeV ~ 1TeV) 122
WTOREAGHZK 4418 Aby T pZRERT 4 L VBRI VEF—EHENO =2 —
V2 CHFRENDZDOT, FAEXA NS 475 v 7 AOREASAIE, BRI EZEEHIT 4 12~
TT7T 9 MIELS B ENPTFREINS,

4.5 Z 31—k J/RICKERE

KEZ 2= b (n,5,) . BRPORT EBHERRLEL T, o 2 ERT 5,0 B S
1B ERE 1S LTREES Lo F RISOBEIR AW E LT, &2 TIRAFEN LY b RS0
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Bartol E

___________ Volkova
e HONA@ .
........... Butkevich

3 12 m2a eyt
E <® > (GeVem™s 'sr")
(=
8
T

0 Lol vuiund vl sl N
1 0 102 10° 10° 10° 10° 10
E, (GeV)

43: KE=a2— 1/ (v +5,) DR NVF—ARY b b REMIZOWTTHYE LD, E}%
PF7zboETay b L7,

T 5,
WES LY FUSKHERE IR, EIFEEEEL (0P1%). quasi-elastic UL (09FL), A(1232) LI
%3l U7z InERGBRE (o1™) 1282 b DT b b,

0CC = gPIS 4 gQFL 4 57 (4.10)

VIR BEL OWTEI RS IL . BT ERD 7 + — 7 04345 % 58k T 5 parton distribution function(3k
T PDF) 2oRDBHZEMNTED, F/z, QEL, A(1232) EWB 2 I Y AN HERIEZ AW T,
WEH L v M EIEEERELLSL O FOBRTER I & 535 2 72,

4.5.1 ZRIFFHMERE

IANF—E,D=a— ) ) PEEmy OB LT LR LY MBHEEERE LTV
F—E,Dpu BT 5L E, ZOMITHEMIL, Bjorken scaling parameter (z = Q%/2myE,y,
y=1-E,/E,) &ffio CRD L) IZHIT %,

d?0, GZimpyE, miy 2 MNZTY y?
= 1—y— — = | zF: 4.11
dxdy T (m2, + Q?)? yeh + ( y 2E, ) Frxly g | ¥ (4.11)

T By, @D B, GRid 7 2V IEEL my i3 W BT OH =, Q%*d=a2—
N p DEOEBEBEBD 2E, I, Py, FBIIKTOMERKEET,
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4
©
n

W?1.4GeV? ———GRV94(DIS) -

o
©
T

,,,,,,,, CTEQ3(M) *

opelE, (x10°°cm?/GeV)
o © o o o o
N ©w E o o ~

e
oS

10°
E, (GeV)

o

4.5: W > 1.4GeV OF TEHE & N7 GRIFHMEREL O SO KT E

BT OBERRE, BFOZ + — 7 BHBEE (RT3 4 =7 DT L—N=%2KT, ) Zfio
TEIETE %,
BUtvup(n) — p~ X 1220 T,

Fy = 2zF =2z[fq(fu) + fs + fo + falf3) + fe + fil (4.12)

Fs = 2[fa(fu) + fs + fo — fa(f3) — fe — fil (4.13)
FUGv,p(n) — pt X 122W T,

Fy = 2zF =2x[fu(fa) + fe+ fi + fa(fa) + f5 + f3l (4.14)

Fs = 2[fu(fa) + fe+ fr — f3(fa) = f5s — f3] ; (4.15)

7 — 25 BBEEET S PDF I2IE, LD ANLEBRBERR 7 4V POFHEIC L o THRA
BEFVEH D, TS PDF ICIE, = OELHENVEZIELLGERTE S Q2O TIRME QF
HEREINTVEH, B GeV2ULD Q2zonT/8— P Y ORLBEVEZTLEL TWE LD
CTEQ[24](Q% = 4G€V2) ENHY, HEH/NS % Q2 B L TWb 5 DIz, MRS[22](Q% _
0.625GeV?), GRV[23](Q3 = 0.4GeV?) »% %,

R 4111, EBEEBO 2 F Q2L RIREONF O Y RAOREEEW BSLDICAEVWE X2
B S OEIEEEEEL.ON TH D, F2Ts W > 1.4GeV LWV ) FEOT TR 411 2BH5Th
. multi TEBGBRO KK IFIE CE 5, ) LTHELNARISHEREZ X 4.5 12577,

R 4.11 OWRIFFMREL (W > 1.4GeV) Wi 2 - 2 BMERHEIC LD, RO EME p 7T v
2 AREBI, BB, KRK=2— MY /7T v 7 AIZIE Bartol[18] & H 7z,

¢hLS = 0.573 x 10713 /em?/s/sr
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Oirvouohy = 1.885 x 10718 /em?/s/sr

4.5.2 Quasi-elastic BUEL & A(1232) £I8

Za—MY BT LEOWEN L Y MHEERICIE, FIEHEEELOMIZ, quasi-elastic BLEL
&A(1232) IBIRRESE 238 U7z 1n BB H 5, 2N o OMENEH O RILKTERE L. D.Rein
and L.M.Seghal[25] I & » TRIE SN T 5, 40, FTEHEICHVZUSHERKIZ, K4.6 0
IV %dbDTHB,

RA=a—M1 /7Ty 7RI Bartol[18] 21 &, QEL & IrEBBRICE 5 EREZ T v
T uT Ty ADOEEIL,

$IIL = 0137 x 1073 Jem?/s/sr

g = 0.087 x 10713 /em? /s /sr

FHERERT 47T v 7 AOEAREIL,

¢gfol;4ghu = 0.073 x 1073 /cm?/s/sr
¢%,7{,,oughu = 0.052 x 10"13/cm2/s/3r

Eholz,

4.6 FAE LT Ty I ADOEIEHE

RE =2 =M1 /75 v 7 A2 Bartol[18]. PDF & GRV94(DIS)[23], x« O Tk IV F—B%KIC
Lohmann[16] 29 &\ E, > 1.6GeV O LMEA N v 7 y R LB ERERIT pu DT T v 7 A
ELTENENRD &I R {E% 1872,

— DIS QEL 1
¢st0pu - d)stopu + ¢stopu + ¢s?opu,
= 0.796 x 10713 /em?/s/sr
— 4DIS QEL 1
¢throughu = ¢through/1. + ¢th,'roughy. + t;zrroughp,

= 2.01 x 1073 /em?/s/sr

4.7 HAFHEDOTHEEM

ERERA MY T 47T v 7 AOBEHPFHEOREEICIE, ERDDICKRF=a2 - ) /) TTy
IJADAREHRE, Za— ) SHEBOREE,»SRKE LO0H 5,

42



OlES, lemPIGeV)
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01 F RN 1

. L A =recpes AT
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10 1 10 10 10

E, cen)

46: ma— Y RISHIE RS, Hiliid =2 — Y T ROV E— | M RS S = o —
MY IFZNE—TE - 72bD%ET, HRITHEIEHMERTEL. $RIT quasi-elastic BEL, — m8H
@0 1A BB, RIS ORI ORER S ET .

471 AKR=Z21-bMU/TS5v I XDOREM

KE=2—= ) 79y 7 AORERIE, LRFEHBRDOT T v 7 ADI 3NV F—RKEHDOIE
BBORD, 2T, KKR=Za— ) )79 7 ADRERFLAEA N YT p 79 7 AT
SIZTHEBRFMT 572010, KE=2—F ) JOIRVF—ART P VEELERETH D,

B, XRRD )K= ) /7T 9 7 A= a— M) JZA VT —-DIFR P
g, ERE T Ty 2 AREE LA,

déy . dby  rto0s
B, _ a;, < P

K& =a—+1 /75y 27 A2 Bartol[18]. ==— F Y/ FUSKERIZ GRV94[23] % f# > THT

BLEZAHA, EAE 799 7 REKRD L HITEILLT,

energy spectrum ¢stopu ¢through,u, ¢stopu/ ¢thr0ughu
9 x BFO% | +13.6% | +28.2% ~11.4%
9o B0 | 11.7% | -21.5% +12.5%

472 —a2—MYJRICHBEEOAREY

WEH LV EKEECC IR, EIFEMEECPTS | quasi-elastic Bifilo@PL |, R U 1md gl
BOWEE "I T bNb, LAEA Ny T 07Ty 7 AL LMEREKT 757 v 7 ADK
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o Ry
> 7
.E 14 GRV94-Bartol - “.‘E1_15 . GRV94—Bartol -
L I GRV94-Honda E N GRV94-Hondo
3 o . CTEQ3-Bartol
Avi - . TEQ3—Barts - { -
xt12r CTEAS~Bartol X1 . CTEQ3-Honda
é‘ ........ CTEQ3-Honda 5
= s
1 1.05 -1
0.8 1
0.6 0.95 - | .
0al | ] 0ol T gy |
02 | . 0.85 |- 8
P P S AP P B I BV IR B S [ ) P U AU S RSN BN IV I IR B
-1 -09 -08 -07 -06 -05 -04 -0.3 -02 -0.1 0 -1 09 -08 -07 -06 -05 -04 -03 -02 -0.1 0
) cosb cos6

Bl 4.7 RRABRETNVICE B EMEA N Y T 475 v 7 AOBHRBEORIEBEAS /. AR,
B4 A DO BEREIFHMEZ GRV94-Bartol THAEL L 723 D% plot L7,

Lozt &, oPEOREUROHFGIENIHBHE LAV, o@FlLolmid R EEEHIT 412
XHTVFGLLEVWOT, THHDFSIIITEHLEDEVWEELZOND, 22T, ZhFho
WA 2 SHIZIC 18R B SR/ EDORME 4 7T v 7 ADELEFARDLE, RDE I b,

UDIS, UQELa ol™ ¢stopu ¢through/.t ¢stopu/ ¢th'roughu
+15.0% +11.2% | +14.1% | T35

4.8 KJZa1—MYV/T7Fv9 XEPDFDOEFIVKTEM

RR=2 =120 /7T 97 ADZO0ETF )V (Bartol[18],Honda[20]), PDF ® =D DEF )
(GRV94[23],CTEQ3[24]) Z A Eb¥E/ L&D, FMERA N S uT7I v 27 A, RO LAI&ZE
ST u 7T v 7 AL OWOWRHMEOREAS i 2 4.7, H4.81IRT . EFVOENIL S E
BEZAMYT p 75y 7 AOEALIIH 10%, ZERT 17T v 7 AL DHOEIIH 4% TH 5,
EREExT T 7 ADETIVRIFEIE, 4718, 4.7.2 BiCR~ZRER & S4II37 Tid
WS, SEIECNS EZM R DL AR LTEHET A2 L1235,

49 &

LEHERAY T p 759 7 R EMERERT 4 7T v 7 ADLOBHFIIEREIIE ) AEtE
FLDDBLERDE IR D,
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4.8: BAGEFVICEBERMEA N Y T 7T v 7 AL FAEEER T u 7T v 7 ADKD
A E O RTEA S . AL, B4 A b OBEHIIFES GRVI4-Bartol THAEILL 72

b D% plot L7z,

source theoretical uncertainty
v flux energy dependance ﬂﬁsigz ‘
. +4.
cross section 3w
model dependance ~ +2.0%
F135%
total 1299

DLEoR, K&==—1FY /79 v 27 A2 Honda[20]. PDF IZ GRV94[23] Z H\» T, RO

L% 479y 7 AOHEGZTFHRMEE B,

Pstopp = 0.796 (x107'3/em?/s/sr)
bthroughy = 2.01 (x10713/em?/s/sr)

$7:. FHERAN 97 p 799 7 AL LHEEERT 47 T v 7 ADKOBGHTFHE

2
_Patomu_ __ ,396+0.953
¢thr0u9h“

Lol
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E£5EZ Monte Carlo I 2L —

\'1

3

TR TIX. LME 4 7T v 7 AOMBHEIIEIE TE 205, 4 ORETCHRHBAND AGHED
DA AFIEEDO G R SIS T LATER NV, £ZT, Monte Carlo ¥ 32 b—3avilio
TINLDIFHRE/AILIZT B, R, RA—3—H I FH 2 F D contained event 12T TIC
% SN TW5 Monte Carlo ¥ 3 a2 L—ar%&, k& o ek LA L,

5.1 Z—a1—hYJRKEE

EVFTANMOYIa b= lE, K51 0L 9 REUSKTER & . Honda[20] D AR =2 —
N T Ty 7 AhMEDLNIz, —a— Y JRICKTEREICIE, WESI LY MIbBEAA, Fkd
LYEPBEINTED, =a—1+ 1 J ARG TORIGICIE, coherent BELD ZE S T3 [26]0

52 LtMEZEuEERTZI=_2—M) /RIS

TR EORER, EREA M T p % ERT 2B =2 — ) OFY TRV F— 134 10GeV
THAHH, Monte Carlo I 2L —3 a3V CHINEHBE Ty FrFaNVObmEx v
pu ANY POTANE =G EFERDOGHER 5.2, K53 127 T, 53755, quasi-elastic
LR Ir EBGERRIC X A EHE X b v 7 pid, BHEO IR (B &% 100m MA) TRET
BT DT D

5.3 LtRIZ uDREETOLH

EME p OWHERICBIT AR5 #\ % Monte Carlo |2 X > THHN5 Z AT & %, Monte Carlo
AR P ORERRUEILROMBI A% K 5.4 1ZRT, EHMERN v T O SITHRHER
EIC—RRIZO M LT\ 5,

T2, MHBNOAFRBEOGH OB Z EHNTEDH, TNIT6.6HT, ERICBE SN E
MEAP YT uDbDE L BHITRT,
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13 1IrERERRE . —HEEEIE multir A BuoBfE, ERIEEMEET R,

10°
Energy (GeV)

52 FEYFHNTOARYFNDIINVNE—SH, FEREOXKIL, B=a—1 ) ) ORI NVF—4
Hio MBE, Rt L7y OFUBETOIRNVE 54, FBIE, EMER T v 7 u ORMETO
IANVF—5F,

47



0 100 200 300 400 500 600 700 800 900 1000
R*(10°mY)
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B 54: EEAN YTy DEYTHNVAANRY T (B, > 1.6GeV) DEILHRDOHT . —FNM O,
FE#IT inner-counter & ANKE & DER ., “FH OERIIAEKE & anti-counter & DR, —F
AMEI D FERE T anti-counter & F DMl & DR % FT,
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5.4 MRHEZZE

Za— Y JREO p i3, Ty LETAVESASREoTEY, T2, p o TE
B E NI F DMK F (7,77 &) OFET, RIBHEIL Lo T 2WREDH L, ZHIZDOW
T, 6.23H KRV 6.3.3HTHRRD Z LIZT 5D,

5.5 v, -7,DFEHL 2 RICIC & % background

Uy, Uy EETFE DM LV N BUSIC & o Th: Ulem, yRLF 72 EDRIEGE TRRo TEM& o &
LTHO2Z6NATEEMER . 688 H D, BHEOH.L D 5 4 100m LA THLE S & 72 Monte
Carlo 1 XY M X o TNz, ZORE, LFERA M YT u (B, > 1.6GeV) DEFICHV LI
2T RTCOARY L7 a @b b03RPo72,

5.6 v, 7.\l& % background

Ve, Ue LT L OB ES LV b FUS, MBS LY FUSIC & o THEUZMFAS, o TRERE »
ELTHESZbNA RS . Monte Carlo 12 & » TR, FORE, 1 EH5OKRRK=2—}H
U ve(Be) ¥ T EDRIBIZ & o THE UIZRTHS, o CEME p (B, > 1.6GeV) LA SN
HARYMI1ARY b edolz,
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F6E ANPhELYZII3L

6.1 BE

A=A IX T T131996 F 4 B IR EFB LA, EMEAL vy T p ARV D E2RY
7249 2T, anti-counter %f# - 72 cut % 2*F % 728, anti-counter D& E L 7> 1996 &£ 7 A 0> 5
DT =5 ZFITIHER Lo BO/T— 5121996 4E7 A5 5 1997 £ 5 B0, EJEFICLTH
£Z 265 H53TH 5,

A== IX AT YH—V—MiEH 10Hz 7225, 209 DB X% 80%IHET * v
F—DBEBFANYDI, /2B A XDARYNTH B,

IO, 1st reduction & LT, KT A NVF— 4 X2k #Er < 72812 inner-counter ® PMT
DEIEE AT 1000p.e.( 4 D track length (2 L TH 0.5m) BLED £ R b 23U°, X522 KT
p % B < 728 anti-counter DY@ B L DR IERZ IV 7z cut 200 720 S0 cut DA X b
L—1Mi3# 0.2Hz 1272 5,

RIZ 2nd reduction & LT inner-counter M &3E 4% 12000p.e.( x @ track length I2 L TH
6m) LED AN M LT, BHEHIC K 2 4 OF I OBEHBELE (stopufit 1) 21TV, Bohizp
RTOREHIZONWTD cut #0172 D cut BOANY F L—MIBLZF1HHY 120 41X
YFThHbB,

CHLTHRONZANRVFEFIIDE ) BANYFF 4 AT L AIZFERL, eye-scan L7zAS
5 ANDBIZ & o TR KTEA % PL5E L 72 (manual reconstruction 2), 0 & & KTEMAAT80 °
T (RRTHE) 205 180 ° (SAE L&) D u A XY b %45 inner-counter TOBRD E &
(track length) 28 Tm LLEDA b 9T y ARV P 2B VTN E Lz, RRTHEDAL S
pANYME N 2T TI YR THLFEHMp DFGERED 572D ICLETH S,

H61ICANYMELVI T aryOoREPZHERERT,

6.2 1st reduction

6.2.1 total Q cut

A=N=AIFHTOIY A=V —1MiEBLZ10Hz T, M6.2225b55 LI, inner-
counter DEJGED 1000p.e. L FOBEI AN F— A RV FA80% % DB, TNHD AR b

16.3.2 HiSHR

Z70N
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65 days datd
8
2x10 events | 249 events

1st reduction

6
4.2x10 events | 239 events

2nd reduction

4
3.4x10 events | 239 events
eye scan

74 events | 239 events
(cos 6<0)
track length cut

64 events | 238 events
(cos 6<0)

| final sample l

F61: AXVIELZ T aryromn

%< 72912, 1st reduction TiZ, inner-counter D &JEE D 1000p.e. LLTDA XY b2 A v b
L7z

6.2.2 Anti-counter cut

A== IFHVFTIE, BHR22AXRV PO u ARV EBAILTWSE, ZThHD) B
AR YT pllEBbDIIBLZE%ICT ET, KPRREER T p ANV P TH B,

ZEPF p ANV P ERN YT ANV b OEVIE, anti-counter D& v N ORISR & ALE
SATCERD NG, B0 EFA L cut # T-cut, BEOFHEFIH L7 cut  A-cut &
ERZ EIZT 5,

FNEFEND cut OFFEHIZIUITOEY TH A,

T-cut Ab 7 pu ARV FEWARIZEE, BERT p A XY FOFHFHOMEDOL Y b O
T. PMT O v b LIEBOSHEIZIEDICE D, BERSADIBIERD X 9 ITKkD7=2,
9. v b L72ER A 800nsec. 25 900nsec. D EICH 5 PMT OREE R 5. RIZ
1nsec. 5 LT, 80lnsec. 75 901nsec. DEICH 5 PMT OXREZz 2 5, LT, h#
500 [EED R L. 1T U®OT15 A2 BE 2B L RBIC 15 K% TH - -RAOER | K
SAHEDOIRET 5,

A LCRD 7B 56 DAY 240nsec. LT Db Did, REFIT p A XU+ ERR L Tcut
L7,
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Number of events

2000 |- 1000 p.e. _'

1500 GUT. -

1000 — .

o Lot Wl 4 A%/.{LM.H.J e

1 10 10 10 10° 10°

10 107
total Q (p.e.)

6.2: inner-counter NDEYEE D446

A-cut HRHIEIMEBD O R L7z 1 7% inner-counter THEIFI S N7z & & | anti-counter (213 4 D
CIo7AFICPMT &Y b DB (2T A5 =) WD bbb AL v T u 4 XU+ DBAIF
pDAONE—=2DI FAY =HhoL b, BERT u A XV FOBEIE p DAOERD
LI ENEN—DFT DI TR 9D 5NBITTH B, EBICIIROEHI LT
FTAY—%EHRL, cut ICFHL 7,

T, Op.e. LD KRELKEZFFOPMT OF A5, Ly b L72EERA500nsec. 25 1300nsec.
NDLIDEES, TNHDPMTIZOWT, FRNFNONMEBRELEEL. BET300%
FLOTVL, ZOEIICLT2KSNZZPMT Y DI FRAY—DHIE, 7T RAY —
ZEIND PMT 258 RICHZ WA DIZERT B LI L7z, 79 A5 —HOBE#ED 8m
DADKIE, 295 A5 —IZ&ENE PMT ORKLEIVNEVEDY I A5 — 2| L7,

CHLTOK BN TR =D 2 LD AR ME, BERTF p AT EHBRLT
cut L7,

6.2.3 RHp=E

inner-counter ® PMT D& K& 451000p.e. P\ ED o £ XY M & EF— % 95 1005 4 X b
£ anti-counter cut 7 A L7z A, REKIT 4 41X b & 96%BRIT B T LG0Tz
(K6.3)0 BRIT 2D 272 EHUT 4 A XY+ © 76%1% ., inner-counter T track length A% 5m Bk
TO, MEHEDOWEZ u BT HEANY o,

T, BEREF AN R S L REHICLTRATE 2, 2299 AN P OFEFHRBA L v
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~500 T T T T T T T T ~500 T T T T T T T T
& r g |
] ] C
450 |- v . Eas0 | ]
£ M £ F
E L cuT M £ F cuTt 1
2400 [ v v v v — 2400 - O M.C. upward stopping muons | -
Qo L v v v v [ L ]
E M ; [} : v v E 1
< r 4 b z L 1
§350 . ; . . v 5350
5 . Vg 5 o °
3300 [ v T v . 3300 [ . e
e ¥ v -
£ M M £ F °
®250 [ . M B ®250 § e
* A
200 [ i 3 200 [ E
'i v ic-ray through ° ]
150 [ A cosmic-ray stopping muons b 150 [ 8 E
2 { - o ] Q
100 F * - cur 3 100 | ° 5 cur 3
r 8 8
o : wfo o :
o:xJ. 1 P 1 1 I 1 | TR o'r.l Il I L i L L |
0 1 2 3 4 5 6 7 8 0 2 3 4 6 7 8
Number of anti-cluster ber of of anti
L E .
£ b ] é e | —————cuT E
T e | E T e b 3
-k E wf
s | E = E E
1o £ E
20 [ = : 3
° 22 B o , - ] o £ , e, [ , E
e AEe aee Bas Eke T 5be ko %os ake  “Hoo o ét T is Sbe Ebo  Sb0 Sk 460" 4k6 oo
Pt tar S ot mea T ST e e A e L ey tima wiasn P >
[ 3 =300 T 7
B f E £ ]
§7oo E cuT E Ezno - F——scur E
o | E - f E
200 £ 3 oo [ 3
o FR :
R e T S S o o b gy (’\\
J

6.3: anti-counter ® 27 5 A ¥ — ¥ L W5 AR, /M ORIIFHM 4 (inner-counter DEEE
A31000p.e. L L), GEIOKIZ EMEA N Y 7 p DEY T AV E A XY b (inner-counter TO I
FF—D51.6GeV Ll 1) 05Ai, S EBOXOMEEIL anti-counter D2 T A ¥ — D¥L, Hthhi
BESAOELEST, TEREOTERIZ, #h2n, & EEOROHEHS TR, a5
OB, FAHB R T B solid histogram 28 £1£i7 . . shaded histogram I3 A b v 7
)7 DOHRRET,
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Tpu AR 2o TR YT u kT 5% efficiency % §-72& 25, T-cut 1% 98.6%. A-cut i
99.9% TH o720 L72%H%5 T, anti-counter cut ® b — ¥ L ® efficiency i, FHBA P v 7 412
Xt LTI 98.5%TdHh A,

Lol EMEAF YT pid=2— 11 /& anti-counter DK EDFIETRETLIDL B
D, ZNHITNT % anti-counter cut DML, FER DL ELRLLIEVEZLND,
%¥7% 5, anti-counter T=a— MY /PRIBT D E, p &bl R EOMBENTOIREL,
anti-counter D& v + OREHGADS, p BED L ELHRTIEL 2205 TH b,

ZIT, BV TAVA Y Ialb—varyTReZa— ) JBEDA N YT y ARV (B, >
1.6GeV) 1% L T anti-counter cut % 2 F Thiz L 2 A, BHAIFIZ95.9% TH 72 ($£6.1), L
TeFo Ty BT ANTANY MIGTHHREEIRIZ05.9+£09%E 2D, THHEAN YT u A
NP EfoTRONZ98.5% LRk > Tb, SREIDEHITTIE95.9%% A L. RHFTEOR
WEWVITRFEREICED LI LICT S,

| SO A5, [ cat BEOANY M [ cut BOANY M| BRFE |
TR IH 830 15 D 5 % 429 events 417 events 97.2 4+ 0.8%
anti-counter MK 103 events 93 events 90.3 +3.1%
Total 532 events 510 events 95.9 +0.9%

£6.1l: EVTHANVAAL YT y A XY (B, > 1.6GeV) IZXF % anti-counter cut DH%)=

6.3 2nd reduction
6.3.1 total Q cut

S DOFEFTTIE, BAHIICIE track length 25 Tm L ED LAIZ A s v 7 u 2T 5, FH
A b w7 p @ track length & inner-counter D&YE & OREFRIZ, M64D X HIThb, #2T,
2nd reduction Tid, inner-counter D4 &% 12000p.e.( # track length ~ 6m) LA LD £~ |
ZEH L7,

6.3.2 Muon direction cut

A=N=J IF A Y TREEHETIE, FHBDOA M Y T w2 FBR 0L ARV IMBEIL TS, &
NHDpld, RE=2— M) JBBEOAN YT yDERNY 279U ehb, THED 41T
BB U CSRE TS ICAST 20T, p O ASHARE % 514 T H BB I FRESE (stopmufit)
L. TAEZDbDE[RL ZEPUETH S,

stopufit 121, LTFOHFEIH VSN,

pDAODRE  pAiinner-counter I A>T E7/2& & 20 ALMFED PMT 134 inner-counter
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x10

10000 [ T T

total Q (p.e.)

9000 [ o b

Tﬂd reduction_]

NI P PP IR NS NS R ST N R ST R
o 5 10 15 20 25 30 385 40 45 50
track length (m)

6.4: inner-counter D&ENE & A b v 7 u @ track length

OPMT LBy M 525, HMIC—FR 2o/ PMT OfLBZ AL T 5 &, PMT
DY =2 ) L ADHENTHES 2R EBLIZ LN DD, £ T, bnsec. LHIZT CHED
PMT 7S 1AL ER Y P LTS, £V EHEHHZTPMTO) L, —FR{ &>/ PMT
DNEEZALDLT S,

y DHEEDRE  inner-counter (Ao 72BEH D x OHH% PET 5 72912, grid search 1T 9o
IO, x DAL inner-counter DIHEDELEFEA LS H%E p DFHERET %o
grid search &1, ZOFPEDOE Y IZ p DHEEEESE, b HFHEBEEZ RKRITT S »
DFAERFICH o TRL TV, EWIHETHL,
grid search DBRIfFH N 2 FEMBIEIL . goodness LTI, DAL, HHZIEL B
HTEELE, BEMIZIE goodness = 1 L7725, goodness &, 2% PMT Ot v b L7zE
Bt K OBEH 5 EEs; (= 3nsec.) B> TRO X I ITERE S NS,

) 1 1 m—ﬂ>2
. 1 [ 6.1
goodness R Xy o7 exp l 2 ( 1.50; o)

KHOMIL, 2.5p.e. LEDPMT IZDWT &%,

T, p OAE LB T 20FHEINL, £PMT Aty b $5RH T, XROKXTHE
INd,
ly  n-lpp
L,=T++t+—2 (6.2)
C C
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inner detector

6.5: goodness DFHEIfFH N L

ZIZT, on3ZENEIEREE, KOBIRTHY | 1,13 4 3% PMT TR S /zF = L
YATHEMT ETICES R, LpldF = L I T RERE L2 20X EZIT -
72PMT £ TOHBETSH 2 (¥6.5)0

p DAOZEE L THIEHRA IS ®D E, 2o T, Lp 0D . ERTEHE
NDTOED, LoT, pDFHMENS & o T4 % ED goodness VFIEEINLDT, ZTD 9
LERKICR oL EOFRERHT 5,

inner-counter T® track length 23 7m L EOFEHEBRDA L v T y ARV M (F—%) 2o T
FARTFER. COHETHRONDKEAOSHIEIL2.0° THo72 (K6.6)0

2nd reduction Tid, 1st reduction RI1ZF%o 724 XY MIZxf L. cosbypy < 0.12 272§ &
BER U720 gl SHEBICE B XN v T 4 4 XY b O stoppfit OFERE DN, 4 OFFKT
5 HADOKREARS TH 5,

6.3.3 1RHM=E

249 ARV POLEFMERA YT BT HNMBAXRY T (B, > 1.6GeV) % 2nd reduction {2 %>
JFTHZEZAH, ZORMEIERIT 100% TH - 72 (K 6.7)0

Lol EBRICBRIENS £ XV b Tld, PMT ® pre-pulse % &2 & 5T, miss-fit T5dDD
HBHDT, FEHEA P v T u 7 —% % F\T 2nd reduction DMHIZIZE % A TH72, track length
A Tm L EDFHEBEA b v 7 ¢ 7 — ¥ ® manual reconstruction {2 & 2 RKIEAIZH, stopufitter
I2EoT69° UEEMEICfit SNBD DT, 810 A XV PHD0.5%TH S (K6.6), HKHZFIE
ETRBEERET DL, LREDAN YT 4% 6.9° LLETHE I fit T5HEIZ05%TH 5,
bbb, KFHM (cosd =0) DA M YT p% cosbpiy < 0.12 £\ cut THE THEFIL0.5% T
HHELERAEND, Lo T, FHBAN Y T 47— ¥ THARZEZ AL T, KFEIEW R
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g 140 F T T T L LT, S T %
H Entries 810 %
S Mean 2.537 ] 5
g RMS 1.890 5 100
H —| 2
£ 120 5
= 2
100 B 80
80 B
60
60 _
40
40 4
20
20 i
0 1 [P PR °
15 20 25 30 -
A6(deg.)

T B T

Entries

-0.

810
.3439
1.996]

49,{deg.)

X 6.6: FHEHMA L v 7 w7 —% (u track length > 7m) IZKF % stopufitter DFEETFRE, 72
1%, stoppfit 12 & 0 872 4 DF5IA & manual reconstruction {2 & % HF D% M, AL, stopufit
12 & o THB72 x ORTESA & manual reconstruction (2 & 5 KIEADZE (Ome — Ofit) o

0 30 T T T T T )

E - t

3 [ 3

k3 s

525 CuT | 5

2 H 2

€ F £

S S

4 : Z
20 - 1 20
15 |- - 15
10 o - 10
5 - 5
ol v HHJ-‘JLH.HHHH. R | I N o L

60 80 100

120
inner-counter total charge (><10" p.e.)

1] 20 40

[~
(=]

b1

LA L L B L

solid: generated zenith angle 6 ,,

dashed: stopypfitted zenith angle 6,

P P

 SCUT

L e e L B

C

PN BRI BN IS A
-08 -06 -04 -02 O

0.2

PR EPRPENSN PR PR
04 06 038 1

coso

6.7: Monte Carlo LJf]Z A N v 7y A XV} (E, > 1.6GeV) IZKF 5 2nd reduction DH
%, £ total Q cut, FXiZ muon direction cuto
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AL YT p AT BREFFIL 99.5%TH Y . EEFADA L v 7 412 L TidEIE 100% T
b % track length 25 Tm L EOFHA b v 7 4 1209 5 2nd. reduction D¥HEIE%, KA
AZIOEVIZHELTELLE, R62D L)1k 5,

cosf | -0.95 | -0.85 | -0.75 | -0.65 | -0.55 | -0.45 | -0.35 | -0.25 | -0.15 | -0.05
€ 100.0% | 99.9% | 99.9% | 99.9% | 99.9% | 99.9% | 99.9% | 99.9% | 99.9% | 99.5%

F* 6.2: 2nd reduction D KIEA T & DR HxhE

6.4 Eye scan

anti-counter cut fR1F%k o> TE72 A XY b OHITIE, track length DEVZE ST 4 ASKEICE
EFNTBY, ShOED ARV D % stoppfit I2& > CTHEET A2 LIZEBTH S, 22T, anti-
counter cut, direction cut fRIZFES> T ARERT u A XV M, ARV INF 4 ATV AIZER
LTADFETERWTRL R TEE LRV, COR, Ay 7 p 2 BAEHEL LT, x OALMM
LD anti-counter 75 v b LTW5A Z & & MO anti-counter A5k v F LTWAWI &%
BRL7%

b ) =DM LIZ3EN T V—T (USA T Vv—T) k|, BRI VT VORER LIEZ A, k
MEAMYT p 64 ANV MIEBITHRHEENRTEY, Lo TIOEZICL>TRAIERL Y
T p EHITREETHERIE, (2.3/64)? = 0.1%(90%C.L.) TH 5,

% 7z, inner-counter DF = L a7 Y 7 OFR PMT OBHIEHRZTIC, AODBTuDF
6% B LIE L (manual reconstruction) . f4E 5 #RE% H1F % Z L 25T & %, manual recon-
struction DFFEEIL, Monte Carlo 1 X} &ffio TRRANRZEZ A, #1°THY (X6.8), manual
reconstruction DAL, RIEEADEIZLTBLZ08° TH5 (X6.9),

6.5 Track length cut

p DEHEE ., ¢ OUBFHE 2B B ERBEICR Y, £, FBTRVF—FEHTIE, 4« BSO
WADONY 7757 FOBEHTELRL 2T D I T, Tm( LA NVF—I2T 5 & 1.6GeV)
LD 2RO LMEA T T p A XY D ZRES VT VICREATAZ EIC L7,

PR DR & (track length) OPEIZMEH L 72V —F 13, manual reconstruction i & - TH&7-
¢ @ inner-counter ~ND AP L, £y DFEOFDIC70° OMFELHE, AMICEHFINLT
XTOPMT DXEZ R LBHIT, KOBBRERL PMT O E 2L BF = L ¥ 37 KD acceptance
R EDFIEE LIZR, CONEE 4 DBEIE (Preconst) WWHEET 5, E512, EHE (Preconst) B°
b track length(Lreconst) ~DZEHIZIE, Lohmann[16] @ dE/dx % {5 72,

A VIAVIEBEN, ATTA VBT LEEDT =5 T+ —< v b, BAA Y S—, BNV —F VB Ei34&L
DL TIH D,
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2 T T TR 2 R N S RABEERAREE LEsl s L o) RARRN RERRNRRTE S

§ Entrles 280 . g S Entries 2807

5 Mean 1.110 4 5 Mean 0.5341E-01 -

i RMS 0.8971 | H RMS 0.8257

g Ewl —
z - z

25 | ]

20 4

| 15 | B

10 -

1 5+ 4

Al IS PRI P [y P L
7 8 [ 10 5 -4 g E 4 5
49 (deg.) A6, (deg.)

I 6.8: Monte Carlo A b v 7y A XY} (E, > 1.6GeV) IZx7 % manual reconstruction O
FHE 5 ERE, /21, manual reconstruction 12 & o TH#7z p D FIAIL | generate L7z A [H] & D
%3 f, A, manual reconstruction |2 & o TH72 x ODRTAM & | generate L7z KTHA DE

(egen - gma)o )

2 T T e T R T T T T T g8 % R AR s RS LA oL AN RN RS BTV
g g Entries 280 3 a5 [ Entrles 280
s 3 Mean 1.102 4 5 H Mean 0.7214E-01 4
° o
3 N AMS 0.7967 | H RMS 0.8055 |
E r E L
2 BT 7 2 a0 [ -
2 [ 2 [
r 1 25 B
25 3
20 |- 4
20 ]
p 15 |- -
15 -
] 10 - -
10 B
5 ] 5 ’_|7 .
o ..h.ﬂw....l..,.l.‘.|,...' PSP i PSR i T PP P AP 1P P B P
5 5 7 8 9 10 5 -4 -3 -2 -1 0 1 2 3 4 5
40 (deg.) 40, (deg.)

[ 6.9: Monte Carlo A b v 7 u A XV b (E, > 1.6GeV) 1% % manual reconstruction O
A3, ERIE, ZA® scanner ® manual reconstruction i & V1872, FNEND y O FED T
£, FHEIX. —A® scanner ® manual reconstruction I & ) 872, FNEND y OKEADE,
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RS RARAS RRARN REERNENARS RRE KT UMM RERAE RS R IS
Entries 8867
Mean 0.2294E-02
RMS 0.7937E-01
X*/ndf 66.46 | 54
Constant 53.63
Mean 0.3386E-03
Sigma 0.6006E-01

-3
=]
T

ratio (L, L)L,
Ind
o
T
1
Number of events

N
T
|
2]
-3
i

a0 -

-
o
T
1

-
T
|

30 -

S
&
T
i

1 R T DR N T P DTS PSR ST o"..nln nnmll, TP N annrarl el o
0 5 10 15 20 25 30 35 40 45 50 05 -04 - 03 -02 01 [] 01 02 03 04 05

L, (m) ratio (L, L)L,

B 6.10: FHBEA b v 7 plZxt U CHEESE X N7z track length OFEE . AR OMENIT « D ALTH
b HRE S D vertex X TORERE (Lye) #EBIE Ly & ﬁ%% S N7z track length(Lreconst) & DY
ﬂo)ﬂ:—wﬁ—%i@?o AR, ERZ BT RIS L7z d D,

*ﬁwxbzfﬂoxut%mﬁﬁﬁ%mwmm@ﬁmﬁ%u@g%ﬁof%xbLtﬁ%\
X 6.10 D & 9 k&oto R ENIE, Lyeconst & Lyue P N1 0.3%. 5 RREIdorL,. ..., = 6%
ThHY., pDIANVF—IZL 5T track length 7WKZER  HEE SN Z LD 5D,

% 72, Monte Carlo A ]‘ VT u ARV PIZOWT, FHEE I N7 track length(Lyeconst) & 1 P
AQE o B OB O (Lyc) x WET 2 L. 20T NI 5% T, BRI 4% TH - 72 (K
61D

HRRA b v 7y B o TRl L 725008 IL . BT O vertex O TSR 20 REEL &
{N)“C Monte Carlo Zffio CTFHli L7243 fRE L D B B LIZEMETES DS, L L, £
NENOGHOFIMEN 5% THTHEY, THITRFREICEDL I LIZT S,

6.6 FEZIALNyT uER

LA ETHBA L 72 event selection DGR S N7 B v 7 WV OKTES K U510 D scatter plot
Z. K6121TRT, TDIL A ANV IBEAERAN YTy Thotze TNHEHEAL YT
;1 /f’\“‘/ k%, B 100MeV 7% 5% GeV @ contained £ X b AICHRE S N pFakBI 0L — 5

HIPTF 2L ZA, TRCuTHD EHWT SN, LAIE AN v Ty OKTEASHIZEIRED
m¥ﬁﬁ#%< FLAGRIIHEETOBBENTT7 v b ThH 5 (K6.14), T2, Bl Sz B

Yy LET MR MR 1%00T
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T MLRRARERERRE AT v

8

gVl £

% [ § Entries 787
E t @ Mean 0.5538E-01 |
=25 b 570 [ RMS 0.5586E-01]
_'2 [ 5 X/ ndf 5845 | 417
= I a L Constant 65.71
2 2L ] E 60 [ Mean 0.5129E-01
[ L z L Sigma__ 0.4096E-01

-
(4]
T
1
8
T

1r — 40; .
05 - - 30 [ ]
o et . 20 [ ]
05 [ ’ ] 10 ]
1 A N ST I S IS IS WS I N o Lotiiniliciilanm sl ST hd b hnn it 4]
0 5 10 15 20 25 30 35 40 45 50 05 -04 -03 02 01 0 01 02 03 04 05

L (m) ratio (L, L L,

6.11: Monte Carlo 2 kb v 7 x 12 U CHEHESE & N7z track length DR, ZERIDOMERIL 10 D
AOE p DI o 72 OB OIEBE (Laye) HE8E Lye & PSR E N7z track length(Lyreconst) &
OFNE Lyc kOl (Lreeenetmliiddy gy 1R, 2% HEBDT B L 720 O,

% Z I v7 4 @ inner-counter ~D AL D5AG & . 1st reduction & 2nd reduction Z & L72dH &
® Monte Carlo A XY F Db DL DOEICIZ, FET S LI AHERBDLNLW (X6.13)0

6.7 FTEBuUILLEINYITIIFDORIEDY)

X 6.12 %55 &, Hife=120"° . ¢=180 " ICTFHEDA L v 7 p HS L & O LARAA
TWAH DS B, #T T, KM cosd <01 DAL YT p 2 HUAILE o TOWRHT, F
R D LAARZ Tz (M 6.15)0 0 < cosf < 0.LDTFHE R+ T u B3, cos il THEE
BB LT B ERET A L. EMEDOEBICLARAATVLFHEMyZ9L3 AT
ERBELONS, LPL, —0.1<cosf <0DFA%ABRY, EBICIIFEHHROFS RO L
NBVDT, LPBREKEDN LT ONY T 5T FORPFHAETESLL)ICRLETE, &
DYARVINDONY 27 GV RDLEMEA N YT u 799 7 ANDELIL, RFREICED D
ZEIT A,
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6.13: LFEAN v T p O AODOSH . ERIIBM SNz EME R+ v 7 T, AR Monte
Carlo 1 X> b, EEDMIZ, inner-counter O JECTH (fEdh, HHlh & & ICHALIL m), KR OEITH (#
HOHEAIE m, BEOBA L rad.) ICBITAAOD45HEERL, TROKZERENMEIZBT
L&A, E L EE O S ASA, KHOPED 2 FIM2ET
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6.15: FHMy D LARD, ERIL, KTEA cosh < 0.1 DEANYT u DFNADHE
cos@ <ODEME AL YT u OFMAGH FHMBp DLV (1) L2 WEE (2) D212
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E7E BREIIhALRZEANYT uDITZy
7 R

AT D7 Ty AE, KBS, EMERE, REROFEKER LR Lo TRHATE %,
KHERICOWTIE, 6.2.3 8. 6.3.3HiTHERLZOT, T TREDMDT T v 7 ADFHEIZL
ELRBEICOWVWTHRRS,

7.1 EEEERE
B g3 O FEBIERH Tipeld KN TEHRE L 72,
Tiive = Trun — Tpedestal — Tead (7'1)

Z T Tyun BB Tpedestar 13T A VAR 2B o TWBEEH, Tyeaald 7 — &
BloRy NI — 2 ORFALR EIC L VRBBO—ER T 23L& 0T— 7 kb TLE o 72kl %
F7,

1996 £ 7 B 25 1997 4£5 B F TIEBESL N7 — F 1o\, EBEERIZ 6364 FEf & 72 o 72,

7.2 HBREEE

7Ty 7 AQFEICIE, LRERA Ly T u PRHEREOEALZ L SOHBILETH D, K
HBEDHAT E A5 7m 13ER T, Tm BLED track length # b DO EME A M v 7 p 2RI TE 20
EEAH D, FIT, bAAE,OBREEL AL E, Tm U EORITE 2 OEBOHEELH
REB LR &12T 5,

AREREIE. ROLHICLUTHE L. x OAREHFANCEE 2 FH LIS lem BRICKEFRT
BE, FNERORTFED LRBBENAD > THW BRI % Tm BB, AR
L LTHA LTS, Sht, 100 58 ENAKEAICOVWTHRDELL, ZORE, KEEAO
e L RO N-AREEOKRE S Z, K7.210R7,

7.3 AREBOEE

A —2%—% 3% B F O inner-counter & anti-counter & DFICIX, EEH 50cm O, F b ¥
I 7R TE RV (TRB) 2'd 5. RRBEEZ IV &, A v T piZROND
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coso

7.1: Tm LA L track length (2x9 % AIREHEE

IZHHETE %,
L BRHEHEBE D5 H £ 7213 anti-counter D/KH THe4 L, inner-counter PIEE T IE L 7= 4
2. BRI S D& % 7213 anti-counter DA TR L | RERE TEIE L7 4
3. NERE THLEL, inner-counter FIERTEIE L7 1
4. R CHREL, PRETEIEL: 4

AR PRV Y a Y ORMKEETEyescan %17) L &, Ay T u 2 BEFEHEL LT, A
H® anti-counter 2k v b LTWA Z & &, HOD anti-counter 25 v b LTWARWT & 2 ER
L72o bbb, Y TV A N7 pld, LEOSETIIEE 1 LEE 2 10H 725,
L% L. [inner-counter {241} % track length 28 7Tm L LD A L v 7 4 | LS o724, HHE 1
LHH 3 HFEEICIIETOT, EVFANVIE2Ho T ERERD L) ICHEENA Y v T 4D F
NENOEEETR, 79 v 7 AOBBMERBIET 52 LI1C L7,

%8Eﬁ%@%yiwa>51v~vaym;of%%nt‘ﬁ%:a—bU/ﬁﬁwxbvj
TuANY M (B, >1.6GeV) %, BHER L= L THET 5 L FORRIZRD L S 12572,

AV T p O | ANV
1 504
2 14
3 28
4 1
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M 7.2: BRENZERMERAD YT 479 v 27 R, plot I1E, HATERE & RMEREE DT 720
histogram (&, HIfFEDO Do

L7zAso Ty BRY VT IVOERERAN Yy S u DT T9 7 A% 1.02115T 5 LT, REBO
HEBEMIETAZ LT 5,

74 FTEAEXIXNYT uTITVIZR

—trﬁ.‘% A ]\ 4 70# DT 5 v 7x@obs&i\ %@ﬁﬂﬁ ﬂive\ @Hjijjgifx ﬁ@@ﬁs %Fﬁ‘/\‘(\/kw
£ IZHET B, . .

Dobs = G X ; )50 1.027 (7.2)
ST, MBS NI RTCOEAEA N YT p ARV FICOWTED, 6;1 3B & h 7z kI
EAL T u OREAEET,
LOREHSOTEMERANY T 47Ty 7 AOBMEEZ KD S & |

@, = 0.386 £ 0.048 x 107'3(/em?/s/sr) (7.3)

LY, ZORFEAGMHINT2DE )% 5,
F72, TTICA—N—HIFH YT CRTOED LN TVD LAISRIPFUT p 7T v 7 ALED
iz L, RBBOBRICEOHBWVWE, > 1.6GeV O LHE p 779 7 A% BDHILHFTE %o

du(Ey > 1.6GeV) =2.11 £ 0.09(stat.) /times10713 /em?/s/sr
Z OBHME L IFEOREAS A Z . K 7.3 1087,
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flux (<10"%cm2s™sr)
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o- VI S SV BRI BN S ST SUNS AFErErE S
-1 09 08 07 06 -05 -04 -03 -02 -01 0
cosf

]

X 7.3 SN E, > 1.6GeV D EME 475 v 2 R, plot 1213, HElass L R+ o)
720 histogram 1&, BAfFEDSTH,

EREp DIANFE—GHE, EREA NS 4y 799 7 AL FASERERT 4T T v 7 AD
Relbl TPy, RKE&=a—t ) /)79 7 ADIAILNE—3Ai%k b L CEETH S,
%L, EMEAL 7 p O =2 — 1Y OFH IRV F 134 10GeV, L XL EPLT 4
DENIIH 100GeV DT, ZDT T v 7 ADHIZ, KE==2—F 1) D 10GeV fFEDT T v
7 AL 100GeVREDT Ty 7 ADKREEDRERBLTWAIRT LS TH D,

BHSNZERMER LY T 07T v 7 AL FRAISEERT 475 v 7 ADKIZ,

bstopu/ Dthroughu = 0.224 £ 0.030(stat.) 1904 (syst.)

L. ZOREMSIL. RT40L 510505,

7.5 XRifigE

EBE AT Y7 p BN BT 2 RIEEREICIE, track length DML ) DBEIC L5 L0,
RKEMAOBEICEDOD, N 27759V FORMD ) ORKEHEIZ L2 0% EXh D,

7.5.1 track length DRIEH V) (CHES RffagE
FE SN & AL v 7 4 O track length 54 ZE 7.5 D £ 912k B, 6.5 HiTh~7 Xk

7 12 inner-counter D& b EHE SN2 A b v 7y O track length 13, FHH « DAL L
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7.4: BHIENZ E, > 1.6GeV D LMER v T p 75y 7 AL ERERIKF 77 v 7 A
D, plot 1213, HETERE & RFE % D) 72, histogram 1, EIFRFED 55 o

HET O vertex DRI DR K5 & 0.3% L3 L2225, Monte Carlo 4 XY b D u DAL

T o2 HOBOEREL KRB E 5% TN T,

22T, BAED Tmeut % 5% T 5 L2 EDLEMEANY T 4 79 v 7 AOEALE RHRAE &
4%, track length # +5%% 2 % &, Tm LL £ track length % F¢o == — Y JEEA L v 7
¢ ® Monte Carlo 1 XY + OEIIRD & 9 IZELT %,

track length | MC A4 X ¥ M n%A1b
+5.0% +26/532 = +4.9%
—5.0% —22/532 = —4.1%

752 NyTFS59 RORELHYICEDRKERE

6.7 BT~z L I 12, FHE (0 < cosh < 0.1) DFHEMp Il Lo TRES o2, FHEM D
FHEAN YT u~DOLARARE, Ny 2757 v RELTEEEBEE, £ ThVEGE
DT Ty 7 ADE N ZREEICNR Bo THEOFHR . 2 RBHAKTT7 1v b2 &, EW
% (cosf < 0) DEBANORAARLILZ ARV D EREEIND, INERFHEDKRIAMA D
bin(—0.1 < cosf < 0) P57 EEo/eHEDEHMER L YT D7 5 v 7 Ald, 143%WIT %o
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B 7.5: EME AL Y7 4 ® track length 5374, error bar £+ data point (ZERH X 72 LA &
AD YT p DGAG, histogram (ZBRI SNz ERIE AT v 7 4 £ X+ DU normalize L7z,
Monte Carlo B[] & R b v 7 u D5,

7.5.3 IREITRICHES RiFEE

1st reduction DMHEEIZRIL, FEBA L v 7 4 IS LT IBER%TH 7285, == —F 1 /A2
DEZTHVE p 20 LTIE95.9% TH o7z (6.2.3 fi)o 22T, FHMA b v 7 u TORBIE
DEZFALAEE, ERAEAMN YT 4759 2 ARED LI ITED LD EFRT,

1st reduction DREHE | ERE X v 7 p73 v A
98.5% 0.376 £ 0.047

L7230 T, MHBIRE LT HBI%ERA L2 &L DT 26%% DT, LEA vy T 7
7 v 7 ADBRED RMEREICE2.6% % 2T B LI2T 5,

7.5.4 REBREDELH
FHEA N YT 47T 7 AOBRMEICHT 2 REEREZ T LODERDE D ICH D,

source syst. error of flux
track length fizf;‘:
background —14.3%
efficiency +2.6%
755%
total 1%
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KIEA -1 <cosf < —0.1DLEAEAL YT p IIIFHEHBu OFARRIENVEEZLNLD
T. background 12 & % RMEEEL —0.1 < cosf <0 D bin ZZF DT B L5 &, REBREDK

THAGMIZ, KDL ) ICHRb,

—1<cosf<—-0.1|-01<cosf<0

+5.5% +5.5%
—4.9% —47.4%

76 ET&D
DEo#ERIZID, BRIICBLNAEMERX Ny T w75 v 7 A,
¢y = 0.386 £ 0.048(stat.) 70,025 (syst.) X 10713 /em?/s/sr

ol
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F8E HREES

8.1 &R

A=A I I UTFIEBVTC 25 B DT — 7 RN LR, ERE ANy S 4 (B, >
1.6GeV) 75 v 7 AL LTROEZRE,

Pstopu = 0.386 £ 0.048(stat.) 1% (syst.) x 10713 /em?/s/sr

Fio, A== H3IFHUFIIBNT, TTIZ363 HHDTFT — ¥ AEFENT WD Ea & Xk
Fu79 927X (E,>1.6GeV) DL,

Pthroughy = 1.72 & 0.08(stat.) x 10713 /em?/s/sr

THHIDPL, SINLDTITv 7 ADOMEREBEL L.,

¢/.t = d)stopu + ¢throughu
= 2.1140.09(stat.) x 107'%/em®/s/sr

Robs = ¢stop,u./ ¢through,u
0.224 + 0.030(stat.) 13912 (syst.)

E b,
INOOHIFREIX, KR ==2—1tY /77 v A2 Bartol[18], PDF I GRV94[23], x DT %
V¥ —EKIC Lohmann([16]) %49 & |
quZhe" = 2.81 x 1073 /cm?/s/sr
Rineo

(¢stopu / d’throu gh ) theo
0.396f8:82§ (theo.)
L7edio T RSN LIS AL 97 o & ERERERT p Ol L BRMHHEE OLT &

At
Robs

Rtheo
b, BMEE BEHFHEEOA L L EIC 2 2FERIZ0.11% EETE SN, S ITEEDHE
AR ED D 3.30BEN T WA Z LY T 5,

= 0.566 £ 0.076(stat.) 5058 (syst.) T8 (theo.)
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sin?260, | Am? ¢g@ggﬂ(1o—13 Jem?/s/sr) | Ripeo P(Robs/Riheo > 1)

1 1072 0.414 0.287 | 7.2%(correspond to 1.80)
1 5x 1073 0.430 0.271 | 12.1%(correspond to 1.50)

F81: ma— M) REIZIELZLED, ERERA MY T 79 v 7 A, BLULHEZRES
R p 7Ty 7R EDROEIRHE,

L
=

< 206 T T T T T T T T
" o F
(2 P
‘.’w [ E — null oscillation
g 14 null oscillation g £, L sin?29,=1, Am?=0.01 ]
£ L = gos5 - o, SIN28,21, Am*=0.005 -
? & L ]
o L
%12 = 2
X
13 [ § L
3
= 0.4

-

08 | 03 |

06 [ i
i 0.2

04 |

C 01 -1
0.2 L

RPN R RS20 PP RSP PR PR BTN IR PN I B S T TN S S B S
-1 -09 -08 -07 -06 -05 -04 -03 -02 -01 O 0-1 -09 -08 -07 -06 -05 -04 -03 -0.2 -0.1 [
€0s6 €oso

81 —a—tY EEZEELLEEDLEREA N Y S 75 v 7 AOREAS (EH) &
CLEMEREHFTF 79y 7 AL O (FX) OBfHE,

8.2 GHim

EHEA NS p b ERERERT g OFHSA S, THE TOBEGRYIREIX 99.9%C.L. THEH
ENDLI WGP oTze 22T, Za— M) JIREZREL7ZHE. LAEA MY T u 7597
Z¢§?§§u’? lt¢stopu/¢throughu7) EDINZEDLBEPERARTHA S,

Za— MY BRI A 00T A—F sin? 20,, Am2%, KR =2— M1 ) THEET
EBHLHFEEINDE VL OPOMEICEHEE L CHBIRELFIE L7 (R8.1), ZOFKER, BIERK
Za— MY JEBRPLEBELN TV LA (sin?20, ~ 1, Am? ~1072) ® =2 — } 1) ViRE)
2ARGE L7 BRI EMEIL . SHOMITRERE 1.80HY L2 TBE LT, HICFETH Li3EZ
BNV,

T2, INLOASHEY) =2 — b JIREIST A Y OFFEBEEDOLIENTED L
HENDD, SHEEAED 7O ERRN 2ETIER% - 72 (K8.1)

73



8.3 MRNOEZE

RESA /N IAN L TRBATT, LAERE 97 4 OF =5 LRI L SNTVZ0
T By AUWNIET =5 Ot & 2 fHCRE 2 I L T 2,

THBMEPEO NN, FEBp ORBRBENY 7 IR ERRELTT— I H55| &
Fo7:h), LREA Ny T p b EMERERT 4 75 v 7 AOKORIEA i % EBMICHED T
&5 LEIfFE NG,

BN ShZEREA L 7 0 b FRSREHRT I 2 - OROREAHH % . BREEHEORIE
A E BT B 7201213, BRHIFEOEEME I % normalization factor a% A LT, X
DL Lk BHET 5o

X* = iO: ((R"”S)i — a(RthCO)i)2 + (a(Rtheo)i - (Rtheo)i)2

i=1 (0obs )i (Otheo)i

(Oobs)i = 1/ (Ostat)? + (Cayst)?
(otheo)i = 13.4% x (Rtheo)i

CITHRF I, KIAMA (-1 <cos§ < 0) £ 105EI L2 &0, TRENDObin BT LR TH
BT LEET,

BT5ZLT, BRoa— MY REINST A— Y OFBEBIRETEX L L HEINS,
TR, EREAR v Ty ANV b EFLZ AV EF IR (= 10GeV) DEF contained 1

NP EDRELBTENTENE, LT N HBHEL DRA=2— b Y )T T v 2 ARRIGH

ERHOTHELE cancel T, K&=2— 1)/ MEOBERCBRETL D THRLES 55,
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=)= H IFHFICBWTC, 265 HODOF — ¥ 2T L72RER., 1.6GeVUEDA L v T p
797 AL LT, ROEZET,

bstop = 0.386 =+ 0.048(stat.)T5:025 (syst.) X 10713 /em?/s/sr

37,365 OO LHEEEHRT 4 79 7 AL OME L5 &, RIBBOFRICE S5, 1.6GeV
PEOLRE 4759 7 ADBLNT, O

by = Pstopy t+ Gthroughy
= 2.11 +0.09(stat.) x 10713 /em?/s/sr

Lol

¥, FAE 799 2 ADTANFARGERE KL 720 DL LT, LREANY T 07Ty
y AL FAEREIT 7Ty V AOKE LD L, BME L ERPSHETELEN, RO L)
ol

Ropps = Qbstopu/ d)throughu
= 0.224 4+ 0.030(stat.) 3033 (syst.)

Ripeo = (¢stopu/¢throughp,)theo
= 0.396700% (theo.)

BfE E EERREE Ok L5 L,

Fobs _ 566 + 0.076(stat.)t93L (syst.) 70028 (theo.)
theo

LY, 0L REIELNLHERIZ, 0.11%TH 2,

W, STNETOLEME n 79 v 7 A0, 99.9%C.L. TEHSI N7z,
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KL 22 BIZHIZD, T, BMEANVF-YHEL LRI OB THE, FH220A——

FIFEBRE V) T LWEBRICBINTE 28844 52 T P E o - EBIEESZ CRH L T3,
FREHEE SR —IR#0% . REREDEE., PHRITHERE., +OMER RS ERT
HKIADBSAZIINLWA LS, WHEHE T L2, AL ITSnE Lz,

T, BT V=T DI—F 4 7 Tid, KEK O kL4, ICRR ORH%A: . HiLASE0
RONEEICEHEDLZYE., HEE2HEE, B HITSnE LA, 210, HibAZOEI
SA HEHSA, FIBRZOEES A, EEEICREFICBMFICRVF Lz, ETHERHLT
Wi g,

TDEPA—IN=71 IF T 2 TFRAERE DT 4 . WMEEGLE (¥k) DFF 4 1ZBH L 72w & B
7,

WRZIZ BTN EB &I, TEEF L, SR BEAIIVAALI L2 5L CES
F L7720 REIZHYHE)TEVFE L7,

FREELREICIZIORLEEL Do TERRBHEB T L. BEEOH AR LICIZZO

WA LR 072 Vo THBETIEH Y THA, T/, XSWERYHEHOER 2 &2 b 2
#%b#b%?<ﬁ2f@%iutob#%@%tiﬁo

BEOFARLAREFEORA LI L TBMEBI RN E L, HUDBE)TSVE L,

EFHE, RUREFEERIGEROF 4 1IEREBHEFIC LD E L HY e ) TEWE L,

WMAS A, EBFSAI, B V-7 0%EL LTERICBHEEICRY F L, /2. RS
T CEFE Lo TWAIICH, IUIOX A, BB S AOPSCHEERIET A2 570050
L7zo ZDBDPITTHNTUT T A 2B THIEDNTEE Lz, EBCEHLTVIT,

%%@&Eék NS A, fEESA, TREA, AASA, RS A, Eméh X, E

EIIBBAAMRENDOES TSI LRI TBMEEICRY F L,

H%$®§ME RHE, MIEEL T, ERCERERBR LD ) Z L THBZED LI DT
&, IHEOEFLBPIT CELIBIE-Z L 2R LT,

REMIOBL1E0KOF, ILHE., WEE. FE. AKE, ¥RAEOHHE, BE. =%
B BB, MEEEHLIVEHAKICL TSN E2BH LT, 50, KOEICIT., @
EFEoTOLWKRED N T L2, B LTWET,

BRIC, WEPERIIOWT—PLBMMIBE L T A S o HFARE RS L T, &
HEEDT THSOMBNL ETOVDV LB TR L 2 IEEIcETIcBEVE S,
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