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Strategy of K2K
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What’s new in the treatment of 
far/near extrapolation

• Before
– Observable for osc. analysis:

• total # of events

– added syst. error from each energy bins linearly (= 
100% iti l ti ) t b f100% positive correlation) to be safe.

• New
– Observables for osc. analysis

• total # of events,
E rec h f 1 i lik t• Eν

rec spec. shape for 1-ring μ-like events

– Correlation for far/near ratio btw energy bins are 
taken into account
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taken into account



Far/Near ratio in oscillation Far/Near ratio in oscillation 
l i ( th d1)l i ( th d1)analysis (method1)analysis (method1)

Maximum Likelihood Method
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Normalization termNormalization term
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Spectrum meas in FD(f ) cancels first order
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Spectrum meas. in FD(fΦi) cancels first order
but far/near ratio fF/N does not.



EEνν
recrec spectrum shape term for FC spectrum shape term for FC 
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P: reconstructed Eν distribution for 1Rμ (gen’ed by using MC)
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Systematic constraint termSystematic constraint termyy
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MFD, Mπ, MSK: error matrix of syst. errors.
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n11
σEsk: SK Enery scale error (3%)



QeustionsQeustions

• Central values of far/near ratio (relative to 
MC prediction)p )

fF/NiF/Ni
• Correlation of far/near ratio btw. energy 

bins (error matrix)bins (error matrix)

MMπ
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A tool:Pion Monitor (PIMON)
N(pπ, θπ) Neutrino flux Φ(Eν) at any distance

using only decay kinematics

R(Eν)≡ΦSK(Eν)/ΦFD(Eν)
l f i i
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Strategy to obtain f error matrixStrategy to obtain fF/N, error matrix
Above 1GeV PIMON• Above 1GeV PIMON

• Below 1GeV Beam MC(Sanford-Wang 
parameterization fitted to previous data) validated by p p ) y
PIMON measurement at >1GeV

• Error matrix
MC part:

⎟
⎞

⎜
⎛ 0MC

1GeV

(2x2)

MC part:
Fit previous pion production data
below ~2GeV/c
move paraemters within error
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⎜
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1GeV
(2x2) move paraemters within error

get error matrix
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No correlation w/ PIMON part
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Pion Monitor Results
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Pion Monitor Result(relative weight)
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Pion distribution to far/near ratio 
(i l t i )(incl. error matrix)

From PIMON fitting ( )SKFD W,φ
Contribution to ν flux
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Other systematic errrosOther systematic errros
treated in matrix form as describedtreated in matrix form as described

1. move syst. parameter within error
2. Check correlation btw energy bins

Rj

Ri
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νμ spectra from Pion Monitor 
Measurement

15Agree with MC very well.



PIMON result for F/N ratio
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Far/Near Error MatrixFar/Near Error Matrix
“sqrt” of error matrix (%)
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Summary of systematic errors on total Summary of systematic errors on total 
# of events w/o osc# of events w/o osc# of events w/o osc.# of events w/o osc.

C t 80 1 t (%)Center: 80.1evts (%)

Jun99
(4 55evts)

Total
+1.0%
−0 9%(4.55evts) 0.9%

Spectrum
+0.6%
−0.6%

Nov99~
(75.5evts)

nQE/QE
+0.5%
−1.1%
+4 9%

Far/Near
+4.9%
−5.0%

Norm 5.0%

Total +7.7%
−6.7%
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Summaryy
• K2K uses pion distribution measured in-

situ(>1GeV) and beam MC(<1GeV) for spectrum 
extrapolation

• The beam MC is validated by the PIMON 
measurementsmeasurements

• Correlation of far/near ratio btw energy bins is 
taken into account (instead of linear sum =taken into account (instead of linear sum = 
100% positive correlation

• Still far/near ratio is major source of systematic j y
error

• Expect precise data from HARP (measurement 
i A 26 ) M th k t HARPin Aug.26~). Many many thanks to HARP 
collaborators
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Syst. error: far/near spectrum diff.y p
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Important not only for νμ disappearance,
but also for sig/BG estimation for νe search



POT

4.8×1019 POT for Analysis
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PIMON meas.
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Stability of μ−Energy Spectrum

Muon energy spectrum stability
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Exp’ed EExp’ed Eνν
recrec spectrum for 1Rspectrum for 1Rμμ estimated by estimated by 

FD tFD tFD measurementsFD measurements
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PIMON in target stationg
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K2K osc. analysis overview
νμ spectrum @ production

F

near/far extrapolation
PIMON
pπ-θπ dist

Near Far

oscillation probability Want to know this!!

neutrino interaction in water

d t t (1kt ifi) d t t (SK)detector responce(1kt, scifi) detector responce(SK)

FD observation
1KT
S ifi

SK observation
total # of events
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Scifi Eν
rec spectrum shape(1ring μ-like events)

(1Rμ)


