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# of CC events of various beams

WBB WBB

LE1.5ππππ
LE2ππππ
LE3ππππ OA3°°°°

OA2°°°°
OA1°°°°

WBB:5200 CC int./22.5kt/yr
NBB: 620 CC int./22.5kt/yr (2GeV/c π tune)
OAB: 2200 CC int./22.5kt/yr (2degree)
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Beam at FD @ 280m from target

νeνµ

0.1729.19.012.232.8WIDE
0.1124.54.15.625.6OA2°

0.0157.81.31.89.8LE2π
NtotFluxNccNtotFlux

FD size: ±3m
Unit:

flux for νµ : 1012/cm2/1021POT
flux for νµ : 1010/cm2/1021POT
# of int : /100ton.spill (3.3x1014ppp)

~1kt Water Cherenkov @ 280m hard to work for OAB/WBB
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SK
FDx(0.28/295)2

FD size:±5m

Flux

Far/Near

FD size:±5m

FD size:±5m

FD±±±±1,3,5m

Peak energy shift serious syst.
dependence of high energy side on FD size Handle to estimate correction
Low energy side does not depend on FD size

Spectrum difference btw. near and far



5

Far/near ratio(finite decay pipe length)
Decay vertex (z) dist. of parent pions

More downstream pion contribute to FD
(solid ang)

Org.

Corr.

The effect of finite decay pipe length
observed in wide Eνννν range >300MeV

Change decay pipe length???
Observe ν at large angle???
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Far/near ratio @ various Z

ratio flat >~1km

Kajita-san’s talk
for more detailDet@~km “Ultimate” Solution!
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High Energy Tail

2°°°°
K

π

K

π

High energy π for WBB
Small angle π for OAB

SK dir.

contribute HE tail.

Beam plug/decay pipe shape optimization might further reduce HE tail.
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OAB2 w/ narrow decay volume

Wide decay volume

Narrow dv

N/SEn>1.20.4<En<1.1

21%

(-36%)

2181049

(82%)

33%427
(K:48%)

1284

(Ichikawa-san’s study)

as one trial how to
reduce HE tail

We need optimization
taking cost, tunability
into account
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Flux dependence on decay 
pipe length

Total Peak

OA2°

WBB

LE2π (flat pipe)

(cylindrical  pipe)

For LE NBB, WBB, flux is almost saturating at 80m
OAB is still rapidly increasing.
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Beam Profile at SK

LE2ππππ WIDEΟΑ2ΟΑ2ΟΑ2ΟΑ2

<E
νν νν>

ΦΦ ΦΦ
νµνµ νµνµ

NBB/WBB mild behavior
OAB: <Eν> ~25MeV/mrad δ(∆m2)~1x10-4eV2

Φνµ ~4%/mrad

+X

-X
Y

Possible syst. error!
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Neutrino profile @ FD

WBB/OAB direction can be monitored w/ same manner as K2K on beam axis
NBB asymmetric broad peak. Stab. OK. But abs. direction <-> beam cent?
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Decay volume

Flat shape decay pipe
accommodate

WBB
NBB
OAB upto 3°

Concrete shield of 6m thickness

mu-pit(NBB)

mu-pit(WBB/OAB)

Decay Volume
Target & Horns

NBB

WBB OAB

Iron shield

Dump

3m

6m 6m

6m
6 m

1
5
m

18m

崩壊パイプ断面
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Effect of flat decay pipe (WBB/OAB)
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Effect of flat decay pipe (NBB)

Negligible
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νµ flux from Carbon target
1. Energy deposit in target ~ few 100kJ/pulse (~100GW instantaneously)
2. Cu (LI=15cm) target may not sustain
3. Possible solution : Carbon (LI=38cm)
4. lower density longer target worse focusing effect less flux??

Z

L

With same length
in unit of LI,
Cu and C target 
produce almost 
same νµ flux.

LE2ππππ
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Effect of B field around target

0 20 40 60 80 100 120

Increase in flux is not so large.

50cm
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νµ/νµ flux for CPV meas.

νµ flux is almost same as νµ flux within ~10%
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νµ/νµ # of CC int.

# of int. for νµ is factor ~3 smaller than νµ due to cross section.
Wrong sign contamination is worse for OAB.

ννννµµµµ beam ννννµµµµ beam

ννννµµµµ beam ννννµµµµ beam

wrong sign

right sign
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(%)
(106) (104)

(/cm2/yr) (/22.5kt/yr)

total(CC)(@peak)

Summary of beam @ SK
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R&D/Optimization Items
Primary optics
Super conduction magnets
Production target
Horn & decay pipe design
Beam monitors

intensity/profile of primary proton beam
intensity/profile of secondary pion/muon

Beam dump (& beam window)
Shielding design
Method of maintenance/changing focusing optics

More and more and more ………..
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Summary
Far/near ratio

One of most important systematics
R dep. gives handle to estimate part of it
Need idea to estimate finite pipe length effect ~km det best

Profile @ SK:
controllability of beam direction <1mrad required for OAB to reach 10-

4eV2 precision

Flat decay pipe has no significant defect
Reasonable flux can be obtained w/ long Carbon 
target of ~2LI
Many (challenging) R&D items


