
1

Results in K2K and future
Takashi Kobayashi

for K2K collaboration

IPNS, KEK
Contents

1. Introduction
2. Latest results (hep-ex/0212007, PRL90(2003)041801)

3. Future
4. Summary

Feb.11,2003
NOON03
@Kanazawa



2

1. Introduction

12GeV PS@KEK
ν beam
Beam monitor
Near detector

Super-K (far detector)
50 kton Water
Cherenkov detector 250km

250km
EEνν~1.3GeV~1.3GeV

First accelerator based long baseline experiment
Sinsitive @ atm ν ∆m2 region

Signature of νµ disappearance
Reduction of # of events
Spectrum shape distortion
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Near Detectors (ND)

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)

300m downstream 
from the target

Beam monitoring (intensity, direction)  + Spectrum measurement
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Bird’s Eye Neutrino Beam Line

200m

µ-monitor      direction (π→µ)
Front (Near) Detector direction (ν)

spectrum , rate

12 GeV PS
>5x1012 ppp

2.2sec/pulse
Target/Double Horn
~  20 x flux
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Analysis strategy in K2KAnalysis strategy in K2K
Measure norm. & spectrum by near detectorMeasure norm. & spectrum by near detector

1kt detector for norm. (small 1kt detector for norm. (small systsyst.).)
1kt/FGD for spectrum1kt/FGD for spectrum (new!)(new!)

Extrapolate them to SKExtrapolate them to SK
Correct nearCorrect near--far spectrum difference far spectrum difference 

InIn--situsitu meas. of meas. of pionpion dist. (PIMON) dist. (PIMON) far near ratio for >1GeVfar near ratio for >1GeV
MC tuned with previous data for <1GeVMC tuned with previous data for <1GeV

Compare Compare expexp’’eded # of events/spectrum w/ # of events/spectrum w/ 
observationobservation

maximum likelihood methodmaximum likelihood method
# of events# of events
Spectrum Spectrum shpaeshpae

ν int.

ν int.
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Neutrino Energy Εν Reconstruction
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CC Quasi Elastic(QE) 
and Other Processes(nQE)

σ(Eν)~50 MeV

QE

All

Soudan 2 Monte Carlo Cross Sections
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Used Parameters
MA(QE)=1.11GeV
MA(1π)=1.21 GeV
Coherent π : Marteau et.al.
Multi-π: use hep-ex/0203009

Checked 
MA(QE)=1.01-1.11
MA(1p)=1.01-1.51
GRV94-Mod.GRV94

Very small effect on oscilllation
anlysis
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4.8×1019 POT for Analysis

200kA
2cmφ trgt. 250kA

3cmφ trgt.

Eng.
run
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Spectrum Measurements @ ND
• 1KT : Pµ<1.5GeV/c, 4π acceptance

– 1-ring µ-like(1Rµ) fully contained 
in Fid.25ton(FC) : 22,476ev.

• SciFi : Pµ>1GeV/c, θµ<60deg.
– 1-track µ-like : 5963ev.
– 2-track QE-like (∆θp<25deg.) : 764ev.
– 2-track nonQE-like (∆θp>30deg.) : 1288ev.

• PIMON
– π (p,θ) distribution ⇒ Neutrino Spectrum (>1GeV)

Fitting Parameters
Eν : 8 bins, nonQE/QE ratio : 1

(+ normalization, detector systematic parameters)

SciFi 2 track cos(∆ΘP) distribution
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Results of Fitting : Spectrum@KEK

Eν (GeV)
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Near2far extrapolation
To decay
 volume

From
2nd Horn

910

Blind

Beam window

4
7
0

2
3
0

2
0
0

9
0
0

150

Fo
ca

l 
le

ng
th
  
34

64
mm

27
5

3
3
2

2
1
0
0

2750

Spherical
mirror

Photo detector
 20 PMTs

6
0
0

2
0
0

1
1
0

9
1
0

Top view

Beam view
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Oscillation analysis (likelihood)
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Parameters w/ syst. error

fφ : Flux ( 8 energy bins) 
fnQE : QE/nQE ratio
fF/N : Far/Near ratio 
f εSK : SK reconstruction (Fid, PID, Nring)
fESK : SK energy scale 
fn6 : Norm. for June 99  
fn11 : Norm. Nov 99 ~ Jul 01 

),,,,,,( 116F/N nnEsksknQE ffffffff εΦ=
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Data set for oscillation analysisData set for oscillation analysis

Total number of eventsTotal number of events
Fully contained (FC) in fid. Vol., Fully contained (FC) in fid. Vol., EvisEvis>30MeV>30MeV
Jun.99~July 01Jun.99~July 01
56 events observed56 events observed

EEνν
recrec spec. shapespec. shape
FC 1RFC 1Rµµ eventsevents
Nov.99~July 01Nov.99~July 01
29 events observed29 events observed
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Expected # of events @ SK w/o oscillationExpected # of events @ SK w/o oscillation
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for NSK
56ev obs. /  54ev exp.

Both Shape & NSK
agree with best fit 
expectation

Best

Best fit point 
(sin22θ , ∆m2)
= (1.0,   2.8x10-3eV2) 

reconstructed Eν

Expectation w/o oscillation
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Results of oscillation analysisResults of oscillation analysis

SK
FC+PC
+up-µ

K2K

consistent with SK atmospheric ν results

Null osc. probability

Analysis

0.40.7N+S
1416Shape only
0.71.3Norm only
(2)(1)(%)

<1%
Two analysis

different treatment of syst. err
(1) As fitting params w/ constraint 

term
(2) wgt:’et ave. of likelihood w/o 

constraint term
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-∆log(likelihood) distribution
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90/00/00:NoYet:NoYet
90/00/00:NoYet:NoYet
90/00/00:NoYet:NoYet
90/00/00:NoYet:NoYet
90/00/00:NoYet:NoYet
90/00/00:;R= 0:NoYet
   R  :   Z  : PHI : G
  0.00:  0.00: 0.00:0
CANG : RTOT : AMOM : M

Comnt;

NUM         10
RUN      21606
SUBRUN      16
EVENT   766967
DATE  2003-Jan-25
TIME    6:45:11
TOT PE:     338.7
MAX PE:    14.9
NMHIT :   192
ANT-PE:    25.8
ANT-MX:    11.2
NMHITA:    46

RunMODE:NORMAL
TRG ID :00000011
T diff.:0.246E+05u
FEVSK  :81022801
nOD YK/LW: 3/ 2
BAD ch.:  no mask
SUB EV :  0/ 1
Dec-e:  0( 0/ 0/ 0
CT16:  -0.13860e12
RN: 7291SP:   5349
GPSDIF:   0.27100u
NHITAC:         2Dec.21 Feb.8

Scheduled
stop
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K2K resumed

1st K2K-II event candidate!

Acc., beam line (incl. target/horn), ND, SK working well!!
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Expected sensitivity Expected sensitivity @ 10@ 102020POTPOT

Exp’ed null prob.
shape : 2.9%     (16%)
norm : 0.76%   (1.3%)
s+n : 0.08%0.08% (0.7%)

Now

Null prob. greatly reduced
(>3 “σ”)

Same analysis
Same syst. errors
as present
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FutureFuture
ννµµ disappearancedisappearance

Increase statisticsIncrease statistics
Take data more!! 10Take data more!! 102020POT in total at leastPOT in total at least

Decrease syst. errorDecrease syst. error
HARP (hadr. prod. exp. @ CERN) data analysis HARP (hadr. prod. exp. @ CERN) data analysis 
far/near ratiofar/near ratio
Vertex reconstruction Vertex reconstruction norm. error.norm. error.

Improve analysisImprove analysis
Add other quantities sensitive to Add other quantities sensitive to νν osc. osc. 

1R/mR, mR 1R/mR, mR ““spectrumspectrum””, (PC, (in coming)...), (PC, (in coming)...)

Study on neutrino interactionsStudy on neutrino interactions
1kt, Scifi, New 1kt, Scifi, New SciBarSciBar detectordetector

ννee appearanceappearance
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4. K2K Upgrade (SciBar detector)
•L=250km, ∆m2 =3×10-3 Eν ~ 0.6GeV
•Study LE ν int. to maximize K2K sensitivity

–QE, single/multi π production,..
•Full Active (solid) Scintillator Tracker

High efficiency for a short (<4cm) track.
Detect a proton down to 350 MeV/c.
PID (p/π) and the momentum 
measurement by dE/dx.

~15,000 channels
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Construction of SciBar

Layer module construction

First 4 layer 
modules
Installed!! In 
Jan.2003

Installation of remaining part in 
summer 2003
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SummarySummary
K2K observed indication of K2K observed indication of νν oscillation(oscillation(ννµµ ννxx))

decrease in total number of eventsdecrease in total number of events
80.1       80.1       expexp’’eded 56 observed.56 observed.

distortion of spectrumdistortion of spectrum
null oscillation probability < 1%null oscillation probability < 1%
allowed region:1.5~3.9x10allowed region:1.5~3.9x10--33eVeV22 @ sin@ sin2222θθ=1(90%CL)=1(90%CL)

consistent w/ atmospheric neutrino observationconsistent w/ atmospheric neutrino observation

K2KK2K--II started on Dec.21, 2002II started on Dec.21, 2002
Part of Part of SciBarSciBar detector is installed. Full detector detector is installed. Full detector 
installation this summerinstallation this summer
plan to accumulate at least 10plan to accumulate at least 102020POTPOT

+6.2+6.2
-- 5.45.4


