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%) Introduction

B K2K iIs the first accerelator-based long-baseline
neutrino oscillation experiment to investigate the
neutrino oscillation observed in atmospheric neutrinos.

P(V,~%) = Super-
Sin22 8- sin2(1.274m2L/EVY) Kamiokande |

Atm.-v K2K
L 10~10%km 250km(fix.)
Ev 0.1~100GeV  ~1.3GeV
Am?  101~104eV2 > 2:103eV?2
- Do v, events decrease ? KEK -
 Is Ev spectrum distorted ? 12GeV PS
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Neutrino flux in arbitrary units

10°

Expected (MC) Neutrino Spectra and
Radial Distributions at 300m/250km

:Total expected event rate change is about 3 percent
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2100

Pion Monitor

B Gas Cherenkov detector: Insensitive to primary protons.

B Measure momentum and angular distribution of pions
N(p,, 0,) just after the 2" horn (p>2GeV/c).

B Near to far extrapolation: F/N(Ev)
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Front neutrino Detectors at KEK

Veto/Trigger
Muon Range Detector cgunter
Lead Glass / ——
&Qé&é@&&&é&&
1kt 2
' i
il ﬂmmwm Water Cherenkov
55 . ‘ Detectnr if
To Kamioka M “”Ellll /@ o b
-iiil:iii!: : { I ‘ % e —
» 1kt Water Cherenkov detector (KT) fiducial: 25 ton H20
» Water target/Scintillating fiber tracker (SciFi) 5.9 ton H20
» Muon range detector(MRD) 700 ton Iron

» Lead glass detector (LG)
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Water Cherenkov Detector (1kt)
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Scintillating Fiber(SciFi) Tracker

a Water filled
./ aluminum tank

~Fiber module
(Honeycomb panel+
Fiper sheet)
E
S
o
od
‘IMH;@W ﬂu.u.-—
@ ﬂlu!!l'"
“* .'Illj.l,.g}a-@ Dy
4’}!!.._._ Vu beam

Image intensifier
Micro-Channel-Plate
CCD camera

Les Rencontres de Physique de la Vallee dAoste: La Thuile 2003 11



Typical CCD Pixel Image
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Super-KamiOkande (April 1996 commissioned)

B 50,000 ton water Cherenkov detector (22.5 kton fiducial volume)
B Optically separated INNER and OUTER detector

000 m underground
» 11,146 20 inch PMTs
» 1,885 anti-counter PMTs

L3



e-like and p-like events
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Super-K Event Selection by GPS

Events +500usec

"

]

510 °F o  S— >
5111)70 _ e . Tspill TOF=0.83msec ?j
% // \ H.E. trigger K
1a0¢ / Not a Decay Electron Event
1L / // / ) No Activity in Outer Detector (FC)
500 “ oo | Vertexs in Fiducial Volume (FV)
t5usec (4 sec)
020 T
§ f Analysis Time Window °6 FCFV Events
ol 3 AT=-0.2~1.3usec where
1(10:_ D 41 Rlng =32
: # p-like 30 / e-like 2
$ b & Multi-Ring = 24
ob— ; o . . (Expected atm.v B.G. ~10-3/1.5us)
5
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29 1R events with HC250kA
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Neutrino Energy Reconstruction

CC quasi elastic (QE) CC inelastic
V,+n—p+ H
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Oscillation Analysis
Super-K

? (sin%26, Am?) ?

Expectation Observation
H #V(56), Ey ¢¢(29

N

-

Far/Near Ratio
(beam MC & tmon.)

FD @ KEK ||

N
Measurement Observation
P(Ev), NQE/QE H #v, py and 6y

v interaction MC
v Flux and Spectrum
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FD @ KEK
(pwep) - (KEV), nQE/QE

(1) KT 1Rp-like ~36,000 events
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QE and nQE in SciFi 2-track events

Run 2279 Spill 18568 TRGID 1

Top View . 600 __ +
u Wm ol
I [ E
”"” 400 4@/08)(0'
[ G
NN A - e Data %
i NQElike QElike
(2) 1-track [ — MC Q Q
5,951events/44points 200
(3) 2-track (AGr < 25°) [ (CCQE)
76levents/40points 100 F
(4) 2-track (A®r= 30°) [
1,291events/40points o seveven®*™? . .
124 data points -1 -08 -06 -04 -02 0 02 04 06 08 1
~ 8,000 events in total. cos(AO,)
R(non-QE/QE) is constrained by (3) /7 (2)

AR < 10%
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(1) KT (p,, 6)) distribution using @, QE/NQEg,
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SciFi (p,,8,) distributions

(2) 1-track 1000 f

(3) 2-track | 1s0 |
AOp < 25° 100 |-

(4) 2-track | 300 ‘
AOp=>30° | 200¢

= % s 7
P, (GeVic) ©, (deg.)
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Fit result of Neutrino Flux at KEK Site

Fitted E, Flux at Front Detector
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0

x2=227 for 194 d.o.f

* D1 Ev< 500) = 1.3 + 0.5

¢ ®2 (500< Ev < 750) = 1.02 + 0.12
e ®3 ( 750< Ev <1000) = 1.01 * 0.09
& @4 (1500< Ev <2000) = 0.95 * 0.07
& ©5 (2000< Ev <2500) = 0.96 + 0.08
¢ ®5 (2500< Ev <3000) = 1.18 * 0.19
¢ ®6 (30005 Ev ) = 1.07+ 0.20

B nQE/QE = 0.93 + 0.20 (0.06)

Error is assigned based on the
disagreement between SciFi
and KT results.

+ KT only: NQE/QE=0.73

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 4 SciFi only: nQE/QE=1.09

EV

(MeV)

Ev (M eV)

Les Rencontres de Physique de la Vallee dAoste: La Thuile 2003 23



Super-K: Expected E, ¢ spectrum for 1Rpu

Initial 1R spectrum w/ all syst. err. incl. Escale

0.8 |
0.7 |
0.6 |

0.5 |

04| |
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Evrec (GeV)
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Maximum likelihood fit with (sin2206,Am?)

Likelihood

Lot

=L

L

norm

L

shape syst

Term for # of FCFV events

L

norm

= Poisson(N

obs ! exp 'e

d(Am sin‘ 26, fsyst))

N, .. Observed number of FCFV events (56)

Neyyeq (AM?,5iN% 26, f, ) =|Ngw [F—

N (Am?,sin® 26, f

syst )

(exp’ed # of FCFV events)

N IE/ITC ( fsyst)

Term for E e distribution for 1Rp events

shape

” P(E;Am®,sin’ 20, f_)

P: normalized E,¢¢ distribution for 1Rp events
estimated by MC simulation
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Systematic parameters

Lsyst = exp(— A1:CII,nQE DM IzllD lfCD,nQE /2)
><eXp(—AfFT/N My [ /2)

xexp(— Of 5 M g [ 5, /2) At =1 -1

cent

xexp(-Af 2 /20%)

X exp(— AfZ 1207, )

M.y, M, M error matrices(spec+nQE/QE, far/near, £¢y)
0.5 NOrm. err. for Jun99 (=+0.80-0.68vts)
0,1,-norm. err. for Nov99~ (=5.34% dominated by KT/SK fid. vol. err.)
O SK energy scale error (3%)
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Expected number of FCFV events
w/0 oscillation

+1.0%
Jun99 | Total
Generate many sets_. of rgnc!om —-0.85%
numbers for f ¢ which distribute
according to the error matrices Spectrum +0.56%
Calculate -0.63%
2 Al 2
Nexpea (AM7,SIN° 26, T ) OE/OE +0.47%
for each set w/ sin226=0 Nov99~ -1.1%
+4.9%
Far/Near
-5.0%
80 1+6 2 V n t Norm 5.0%
EVEnis Total v
-6.7%
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Best fit 1Ru spectrum & Nsk

S S — Best fit point (sin%20 , Am?)
= (1.0, 2.8x103eV?)

ag 29 events

KS test prob.(shape): 79%
Nq=54.2 (Obs.=56)

Very good agreement
Shape & Ngy

[ 28

0 gt pt e o Sl R b
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IR Spectrum With.Ql

010 |

Z 9 Normalized by the expectation
8 - -+
! — Null osc.
6|
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. | i Am?2=3x10-3eV/?
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5 .‘ N
1 : Al _..: 1
O 7 T R A R
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E rev (GeV)
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Result

Null Oscillation Probability

analysis-1 analysis-2
Ngonly 1.3% 0.7%
Shape only 15.7% 14.3%
Ngk+Shape 0.7% 0.4%

Best fit (sin%20 , Am?)

Shapeonly (1.0, 3.0x103eV?%) (1.0, 3.2x1073eV?)
No +Shape (1.0, 2.8x103eV?) (1.0, 2.7x103eV?)

Both Shape and N¢, +Shape indicate consistent parameter region
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Allowed regions

Total no. of Events only Spectrum Shape only

-1
NA E’ ‘ ‘ ' o 4..'.?:: ,,,,,,,,,,, ‘L e %l'lllﬂMM!né C\/I-\ 10 :‘ ‘ ‘
o QN
&
E e
2 2 T e———
10 - 10 e
10 - ] 10| :
----------------------- 16(Aln(L)=0.5) | L 68%
[— 9094 AIn(L)=0.82)1side ; s 90%
4 999%4AIn(L)=2.71)1side y 99%
A T B S BT I T B N N 'IO T T I B I I I
10 770.10.2030.405060.70.8 0.9 1 0 02 04 06 08 1
sin“20 sin“20

Both indicate consistent Am? region
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Allowed region (Shape+Norm)

4.8x1019 POT (protons on target)

Am?=
1.5~3.9x10-3eV?
@ sin?26=1
@90%CL
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90%CL Allowed Regions of K2K and SK atm-v
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- — atm
10 | (1.6 — 3.9)x 103 eV?

sin?20,,,,>0.92

- K2K(Ng, +1Rp shape)

L Am2=1.5~3.9x10-3eV/?2
- @ sin?26=1 (90%C.L.)
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¢, Conclusion

B K2K Oscillation analysis on June99 ~July01
data(K2K-1)
1. Null oscillation probability is less than 1%.

2. Both SK rate reduction and E, "¢ shape indicate
consistent oscillation parameters region.

3. Am?2=1.5~3.9x103eV2 for sin?206=1 @ 90%CL

4. sin?20, Am? are consistent with atmospheric
neutrino results

B Data taking has been resumed successfully
(2002/12/22~, K2K-11).

B Goal is to accumulate 102° protons on target,
Twice as large as this data sample.
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JHF-Kamioka v Project

AN 1II

3y i f, o |

s !l '“‘ [

B JHF 50GeV PS — Super-Kamiokande
(0.75MW) (22.5kt fid.)

»x ~100 of K2K
bV, —V, disapp. / v ,—v, app. / NC
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JHF Facility

Pacific Ocean e

Const.:2001~2006 (approved) R
(v beam-line: budget request submitted)
e / Transport line
77 (Super-cond. Mag.) _ SQGEV F"S (0 75MM/)
3GeV PS /
. B A "'" N
B 4UUME\! LINAC e Targéttiion
A RN/
¢ 8bunches/~5ys b P Loy vome
¢ 3.3x10'*proton / pulse Sy /
¢ 3.94 (3.64) sec cycle = ' Near detectors
¢ lyr=10%POT (130 days) (280m,2km)
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2002 2004 2006 2008 2010

e K 2 KII

|
JHF-v construction physics run (OAB)

SK SK
rebuild rebuild

I
SK-full

Les Rencontres de Physique de la Vallee dAoste: La Thuile 2003 38



