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1. Introduction and history of K2K
1995

Proposed to study neutrino oscillation for atmospheric 
neutrinos anomaly.

1999
Started taking data.

2000 
Detected the less number of neutrinos than the expectation 
at a distance of 250 km. Disfavored null oscillation at the 2σ
level.

2002
Observed indications of neutrino oscillation. The probability 
of null oscillation is less than 1%.

2004

Confirm neutrino oscillation with both a deficit of Confirm neutrino oscillation with both a deficit of 
ννµµ and the distortion of the Eand the distortion of the Eνν spectrum.spectrum.
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2. K2K experiment ~1 event/2days

π monitor
µ monitor Near ν detectors

(ND)

π+
µ+

Target+Horn
200m

decay pipe

SK

100m ~250km

νµ

~1011 νµ/2.2sec
(/10m×10m)

~106 νµ/2.2sec
(/40m×40m)12GeV protons

ντ

(monitor the beam center)

Signal of ν oscillation at K2K
Reduction of νµ events
Distortion of νµ energy spectrum
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Neutrino beam and the directional control

~1GeV neutrino beam by a dual horn system 
with 250kA.
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The beam direction 
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Accumulated POT (Protons On Target)
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Neutrino spectrum and the far/near ratio

ν beam 250km
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Tdiff(µs)

K2K-1+2 Jun1999 - Feb2004

Tdiff(µs)
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SK Events

(BG:   1.6 events within ±500µs
2.4×10-3 events in 1.5µs)

TSKTspill

GPS

SK
TOF=0.83msec

108 events

Decay electron cut.

≥20MeV Deposited Energy 

No Activity in Outer Detector
Event Vertex in Fiducial Volume
More than 30MeV Deposited Energy

Analysis Time Window

±500µsec

±5µsec

TDIFF. (µs)

-0.2<TSK-Tspill-TOF<1.3µsec
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3. Analysis Overview

Observation
#ν, pµ and θµ

ν interaction MC

Measurement
Φ(Eν), ν int.

KEK

Far/Near Ratio
(beam MC with π mon.) 

Observation
#ν and Eν rec.

Expectation
#ν and Eν rec.

(sin22θ, ∆m2)

SK
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NEUT: K2K Neutrino interaction MC 
CC quasi elastic (CCQE)

Smith and Moniz with 
MA=1.1GeV

CC (resonance) single π(CC-1π)
Rein and Sehgal’s with 
MA=1.1GeV

DIS
GRV94 + JETSET with Bodek
and Yang correction.

CC coherent π
Rein&Sehgal with the cross 
section rescale by J. Marteau

NC

+ Nuclear Effects

σ/E (10-38cm2/GeV)

Total (NC+CC)

CC Total

CC quasi-elastic

DIS
CC single π

NC single π0

Eν (GeV)
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4. Near detector measurements
1KT Water Cherenkov Detector (1KT)
Scintillating-fiber/Water sandwich Detector (SciFi)
Lead Glass calorimeter (LG) before 2002
Scintillator Bar Detector (SciBar) after 2003
Muon Range Detector (MRD)

Muon range detector
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4.1 1KT Flux measurement
The same detector technology as Super-K.
Sensitive to low energy neutrinos.

KT

SK

KT

SK

KT

SKobs
KTSK M

M
dEEE

dEEE
NN

ε
ε

σ

σ

ννν

ννν
••

Φ

Φ
•=
∫
∫

)()(

)()(
exp

≡Far/Near Ratio (by MC)~1×10-6

M: Fiducial mass MSK=22,500ton, MKT=25ton
ε: efficiency εSK-I(II)=77.0(78.2)%, εKT=74.5%

NSK
exp=150.9+11.6

-10.0 NSK
obs=108
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4.2 SciBar neutrino interaction study.
Full Active Fine-Grained detector (target: CH).

Sensitive to a low momentum track.
Identify CCQE events and other interactions (non-QE) 
separately. 

µ
pν

CCQE Candidate CCQE
non-QE

25° ∆θp (degree)

∆θp

µ

DATA
CC QE
CC 1π
CC coherent-π
CC multi-π

2 track events

p
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A hint of K2K forward µ deficit.

SciBar
non-QE Events

K2K observed forward µ deficit.
A source is non-QE events.
For CC-1π,

Suppression of ~q2/0.1[GeV2] 
at q2<0.1[GeV2] may exist.

For CC-coherent π,
The coherent π may not exist.

We do not identify which process 
causes the effect. The MC CC-1π
(coherent π) model is corrected 
phenomenologically.

Oscillation analysis is insensitive to 
the choice.

q2
rec

(Data-MC)/MC

DATA
CC 1π
CC coherent-π

Preliminary

q2
rec (GeV/c)2

q2
rec (GeV/c)2
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4.3 Near Detector Spectrum Measurements
1KT

Fully Contained 1 ring µ (FC1Rµ) sample.

SciBar
1 track, 2 track QE (∆θp≤25°), 2 track 2 track nQEnQE
((∆θ∆θpp>25>25°°)) where one track is µ.

SciFi
1 track, 2 track QE (∆θp≤25°), 2 track nQE
(∆θp>30°) where one track is µ.

With the low q2 suppression of nQE in SciBar, 
angular distributions of all other samples are 
reasonably reproducible with the correction.
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1KT: µ momentum and angular distributions.
with measured spectrum

After fitting
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4.4 Near Detectors combined measurements
(pµ,θµ) for 1track, 2trackQE and 2track nQE samples      

→ Φ(Eν), nQE/QE
Fitting parameters

Φ(Eν), nQE/QE ratio
Detector uncertainties on the energy scale and the track 
counting efficiency.
The change of track counting efficiency by nuclear effect 
uncertainties; proton re-scattering and π interactions in 
a nucleus …

Strategy
① Measure Φ(Eν) in the more relevant region of θµ≥20° for 

1KT and θµ≥10° for SciFi and SciBar. 
② Apply a low q2 correction factor to the CC-1π model (or 

coherent π). 
③ Measure nQE/QE ratio for the entire θµ range.
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1kt DATA: Pµ vs θµ Distribution
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Flux measurements
χ2=638.1 for 609 d.o.f

Φ1 (           Eν <  500) = 0.78 ± 0.36
Φ2 (  500≤ Eν <  750) = 1.01 ± 0.09
Φ3 (  750≤ Eν <1000) = 1.12 ± 0.07
Φ4 (1000≤ Eν <1500) = 1.00
Φ5 (1500≤ Eν <2000) = 0.90 ± 0.04
Φ6 (2000≤ Eν <2500) = 1.07 ± 0.06
Φ7 (2500≤ Eν <3000) = 1.33 ± 0.17
Φ8 (3000≤ Eν )  = 1.04 ± 0.18
nQE/QE                      = 1.02 ± 0.10

The nQE/QE error of 10% is assigned 
based on the sensitivity of the
fitted nonQE/QE value by varying the 
fit criteria.
θ>10°(20 °) cut:    nQE/QE=0.95 ±0.04
standard(CC-1π low q2 corr.): 
nQE/QE=1.02 ±0.03
No coherent: π=nQE/QE=1.06 ±0.03

Φ(Eν) at KEK

Eν

preliminary
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SciFi (K2K-IIa with measured spectrum)
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SciBar (with measured flux)
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5. Super-K oscillation analysis
Total Number of events
Eν

rec spectrum shape of FC-1ring-µ events
Systematic error term

)(),2sin,(),2sin,(
),2sin,(

22

2

x
syst

x
shape

x
norm

x

fLfmLfmL
fmL

⋅∆⋅∆=

∆

θθ

θ

f x : Systematic error parameters

Normalization, Flux, and nQE/QE ratio are in fx

Near Detector measurements, Pion Monitor 
constraint, beam MC estimation, and Super-
K systematic uncertainties.



23

K2K-SK events preliminary

K2K-alll
(K2K-I, K2K-II)

DATA
(K2K-I, K2K-II)

MC
(K2K-I, K2K-II)

FC 22.5kt 108
(56, 52)

150.9
(79.1*, 71.8)

1ring 66
(32, 34)

93.7
(48.6, 45.1 )

µ-like 57
(30, 27)

84.8
(44.3, 40.5)

e-like 9
(2, 7)

8.8
(4.3, 4.5)

Multi Ring 42
(24, 18)

57.2
(30.5, 26.7)

for for EEνν
recrec

(56)

Ref; K2K-I(47.9×1018POT), K2K-II(41.2×1018POT)
*: The number is changed from the previous one.
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6. Results preliminary
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Data are consistent with the oscillation.
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νµ disappearance versus Eν shape distortion
K2K-I & K2K-II (# of FCFV events)
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K2K-I vs K2K-II
K2K-I
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Null oscillation probability preliminary

K2K-I K2K-II K2K-all

3.7%

5.4%

0.56%
(2.8σ)

νµ disappearance 2.0% 0.33%(2.9σ)

Eν spectrum distortion 19.5% 1.1% (2.5σ)

Combined 1.3%*

(2.5σ)
0.011%

(3.9σ)

The null oscillation probabilities are calculated based on ∆lnL.

*: The value is changed from the previous one.

Disappearance  of Disappearance  of ννµ µ and distortion of the energy and distortion of the energy 
spectrum as expected in neutrino oscillation.spectrum as expected in neutrino oscillation.

K2K K2K confirmsconfirms neutrino oscillationneutrino oscillation
discovered in Superdiscovered in Super--K atmospheric neutrinos.K atmospheric neutrinos.
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7. Other Physics in K2K (based on K2K-I data)
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8. Summary
With 8.9×1019 POT, K2K has confirmedhas confirmed
neutrino oscillations at 3.93.9σσ.

Disappearance of νµ 2.92.9σσ
Distortion of Eν spectrum          2.52.5σσ

- 68%
- 90%
- 99%

∆m2[eV2]

sin22θ

K2K-I & K2K-II

0

0.002

0.004

0.006

0.008

0.01

0 0.2 0.4 0.6 0.8 1
Contour sin2(2θ)

∆m
2 

[e
V

2 ]

68%
90%
99%0.002

0.004

0.006

0.0  0.2  0.4  0.6  0.8  1.0

K2K new resultsK2K new results

preliminary


	K2K Collaboration
	1. Introduction and history of K2K
	2. K2K experiment
	Neutrino beam and the directional control
	Accumulated POT (Protons On Target)
	Neutrino spectrum and the far/near ratio
	SK Events
	3. Analysis Overview
	NEUT: K2K Neutrino interaction MC
	4. Near detector measurements
	4.1 1KT Flux measurement
	4.2 SciBar neutrino interaction study.
	A hint of K2K forward m deficit.
	4.3 Near Detector Spectrum Measurements
	1KT: m momentum and angular distributions.with measured spectrum
	4.4 Near Detectors combined measurements
	Flux measurements
	SciFi (K2K-IIa with measured spectrum)
	SciBar (with measured flux)
	5. Super-K oscillation analysis
	K2K-SK events
	6. Results
	Data are consistent with the oscillation.
	Log Likelihood difference from the minimum.
	nm disappearance versus En shape distortion
	K2K-I vs K2K-II
	Null oscillation probability
	7. Other Physics in K2K (based on K2K-I data)
	8. Summary

