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Near Detectors (ND) 300m downstream
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1kt Water Cherenkov detector (1kt) 25 ton fiducial +

Scintillation fiber detector (SciFi) 6 ton +
Muon range detector(MRD) 329 ton fiducial

+Lead glass detector (LG)
Beam monitoring (intensity, direction) + Spectrum measurement
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Analysis strategy inf K2K

Lkt detector for norm. (small syst.) _
Lkt EGEIDNer sSpectrtm) (new!) <i Vv Int.

Correct near-far' spectrum difference
In-situl meas. of pion dist. (PIMON); = far near ratio for >1GeV.
MIC tuned with' previous data for <1GeV

maximum likelineod method
# of events <i
Spectium shpae




Neutrino Energy E, Reconstruction
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CC Quasi Elastic(QE)
and Other Processes(nQE)

Used Parameters
o/Ev Soudan 2 Monte Carlo Cross Sections MA(QE)=1.11GeV
¢ o MA(17)=1.21 GeV
Coherent 1t : Marteau et.al.
Multi-rt: use hep-ex/0203009
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Checked
MA(QE)=1.01-1.11
MA(1p)=1.01-1.51
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Very small effect on oscilllation
anlysis




Delivered Protons on Target (POT)
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spectrum Measurements @ ND

SciFi 2 track cos(A®;) distribution

. 1KT: i
~ 1-ring p-like(1Rp) fully contained 1 v —
in Fid.25ton(FC) : 22,476ev. ol o B

e SciFi: mf — MC
. - B (CCQE) >30° <25°
— 1-track u-like : 5963ev. ot

— 2-track QE-like (A6,<25deg.) : 764ev. TS5 04 0z 0 02 ae 08 B 1
— 2-track nonQE-like (A6,>30deg.) : 1288ev.

 PIMON
— 7 (p,0) distribution = Neutrino Spectrum (>1GeV)

Fitting Parameters
E, : 8 bins, nonQE/QE ratio : 1
(+ normalization, detector systematic parameters)




Results of Fitting : Spectrum@KEK
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Pion monitor (PIMON) just after.,

Far/near ratio

Near2far extrapolation
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Oscillation analysis (likelihood)

Ltot = Lnorm (f ) 'Lshape (f )'Lsyst (f )

Normalization term

L

norm

= Poisson(N,, , N, (f))

Shape term for FCFV 1Ru

29
Lshape = HP((fEsk . Ei)DAmzasinz 299 f)
i=1

Systematic error constraint term

L

syst

exp(— AfCDT,nQE M;Yl) 'Afcb,nQE /2).....
XeXp(— fn26/20',36 )GXP(_ fnzll/zo-zfll)exp(_ Aszsk /20-1%191()
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Parameters w/ syst. error

f:(fcbaanEafF/N»fgskafEskafnmfnll)

: Flux ( 8 energy bins)
or : QE/MQE ratio
~ - Far/Near ratio

f.qx :SKreconstruction (Fid, PID, Nring)
frsk ¢ SK energy scale
t, :Norm.for June 99
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Data set for oscillation analysis

Tllotalf numBber off events

s Fully contained! (FC) ini fid. Vol., Evis>30MeV
s JUR.99~July 01

= 56 events observed

[5IEC SPEE. SiapE

s FC 1R eyvents

= Nov.99~July Ol

s 29 events observed




Expected # of events @ SK w/o oscillation
Zfd)ifF/Ni'(Dgf(E,-)‘(ij'y.)-giK

— Nobs R
N D Joi @iz (E)-(f,04)-&;"
1,]

MC
NSK

MC
NKT

_ obs
NeXp o NKT )

Summary of syst. errors
+1.0%
—0.9%

+0.69
Spectrum /o

—0.6%
+0.5%
E/QE

Novag~ | ™ 11%

o
Far/Near +4.9%
-5.0%
° Norm 5.0%
+7.7%
Total o7

Jun99 Total
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Best fit 1ring u-like spectrum & Ng,

reconstructed kv

Expectation w/o oscillatipn

\

; _

Evrec

Best fit point
(sin?20 , Am?)
= (1.0, 2.8x10-3eV?)

KS test (shape):79%

for Ngk
. 56ev obs. / 54ev exp.

Both Shape & Ng,
agree with best fit
expectation
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Results of oscillation analysis

Null osc. probability

Analysis
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different treatment of syst. err

(1) As fitting params w/ constraing )

term

(2) wgt:’et ave. of likelihood w/o
constraint term
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consistent with SK atmospheric v results
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K2K resumed
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Expected sensitivity @ 102°POT

Same analysis

as present

2

Same syst. errors | <&
5

1

Exp’ed null prob.

shape :2.9% (16%) [ 3
norm :0.76% (1.3%) 8 <
stn  :0.08% (0.7%) 10

Now

Null prob. greatly reduced _
(>3 °0") 4
10 07010203040506070.8 09 1

Sin“26
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Future

s lake data more!!l 102°POT initotal at least

x HARP(hadr. prod:. exp: @rCERN) datal analysis =
fiar/near ratio

a Vertex reconstruction > NOrm. Eerror.

= Add other'guantities sensitive to v. OSC.
1R/mR, mR “spectrum”, (PC, (injcoeming)...)

=» Study’ on neutrino; interactions
1kt, Scifi, New detector




4. K2K Upgrade (SciBar detector)

o[ =250km, Am?=3 x 10-3
Study LE v int. to maximize K2K sensitivity
—QE, single/multi © production,..

*Full Active (solid) Scintillator Tracker
» High efficiency for a short (<4cm) track.
= Detect a proton down to 350 MeV/c.
= PID (p/m) and the momentum

»« measurement by dE/dx.
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Construction of SciBar

First 4 layer
= modules
Installed!! In

s s

=
I
Ly
300

Installation of remaining part in

summer 2003
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Summary.

K2K observed indication; of v oscillation(v,>v)
m decrease in total number of events

el 2

80.1 _5; exp’ed =» 56 observed.
s distortion| off spectrum
s nullrescillation: probability: < 1%
s allowed region:1.5~3.9%x10°eV* @ sinz20=1(90%CL)

consistent: wjy. atmoespheric neutrno observation

K2K-I1 started on Dec.21, 2002

Part of SciBar detector Is installed. Eull detector
installation this summer

plan te accumulate at least 102°POT




