The JHF-Kamioka Neutrino experiment

Tsuyoshi NAKAYA (Kyoto U.)
for JHF-SK working group

Introduction

Overview of the experiment
Physics sengitivity in Phase-|
Physics sengitivity in Phase-l |
Summary and Conclusion

a &~ wbdr-

JHF is an tentative name, and will be renamed soon.
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1. Introduction

» Super-Kamiokande discover neutrino oscillation in
atmospheric neutrinos in 1998.
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*KZK will confirm the neutrino oscillation soon.

» 56 Events are observed to an expectation of 80 g
events with ~1/2 protons on target of the propo&al .

— The probability of null oscillation is less than 3%.
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Super-K and SNO establish neutrino oscillation
IN solar neutrinos in 2001
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L epton Sector Mixing

+ If neutrinos are massive particles, then it is possible that the
mass eigenstates and the weak eigenstates are not the same:
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Underlying Questions

e \Why isthe neutrino mass so light?
e Isthe framework of Lepton Sector Mixing right?

e \Why are the quark sector mixing and the lepton
sector mixing so different?

quark neutrino
M3>>M2>>M 1 M3~M2>~M 1
small mixing large mixing

.

Wheat is there behind of the yukawa coupling of Higgs particle?
GUT?
Anarchy? (see Murayama-san’stalk at KEK topical conference)
Anything other? 7



What should we do next
as an accelerator n physics?

Confirmation of ny® ny
— MINOS, OPERA, ICARUS, JHF-SK

Discovery of n,® neat DmZam,

— MINOS, JHF-SK

Precise measurement of neutrino oscillation.
(observation of oscillation peak)

— MINOS, JHF-SK

CP violation in neutrino oscillation.
— JHF-SK2, n-factory.

Confirm or Rgject LSND anomaly.
— JHF-SK w/ adetector at 2km.



2.0verview of the experiment

onal n beam)

Phase-l (0.77MW + Super-K)
Shose A e ~Phase-l 2000



n oscillation
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T acific Ocean
JHF Fail ty
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n beam at JHF

* Principle
— Intense Narrow Band Beam
— Beam energy istuned to be at the oscillation maximum.
* High sensitivity DrP=1.6~4x103¢V 2
* Less background E,=0.4~1.0GeV
— ~1 GeV beam energy for Quasi-elastic interaction.
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Off Axis Beam
Far Det.
(ref.: BNL-E889 Proposal)

Decay Pipe q

WBB w/ intentionally misaligned beam line from det. axis

Decay Kinematics
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Narrow Band Beam only to a Front detector
Dipole - The beam will be used to study

Magnet .- :

e 10° ninteractions at the front detectors.
v ® Thisisaso essentia to reduce sys.

ot uncertainty for CP measurement.
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n detectors at JHF

Far detector: A Water Cherenkov detector (SK exists)
* generally easy to build alarger detector
*|ess NC p@ background to nm® ne
 good n energy reconstruction with QE interaction.
e good particle ID capability.

16



Schematic drawing of Super-Kamiokande and
Hyper-Kamiokande
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We areinvestigating the possible site at Kamioka.
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Near Detectors
( Detectors at two locations are essential .)

@280m (1~10 events/spill/100ton)

— Measure n direction and spectrum.
— Measure wrong sign component (see CP section).
— Will be used for n interaction study with NBB.
— Non-oscillation n physics.
@~2km (0.1 events/spill/100ton)

— Measure n spectrum and ne background since they are
same as those at Kamioka.

— Test LSND anomaly if Mini-Boone failed to test it or
discovered the new physics.

18



Far/Near Spectrum Ratio

e spectrum
1400 ——1.5km At >1.5km, the n sourceis
e ?v\295km treated as a point source

1] 0.5 1 1.5 2 2.5 3 33 4 4.3 3
Ev (GeV) 19



3. Physics sensitivity in Phase-l (w/ Super-K)

Syears (5" 104POT) running
- precise measurement of Dm23? | 023 and 13
On,® Nm (Dm23?,023)
On® ne (013, )
on,® Nt w/ NC interactions. (confirmation)
@®stringent limit on the non-oscillation scenario
and the existence of ns.
Sengitivity (goal):
dsin?2qg23< 0.01
sin22q:3 < 0.006 (90% CL)
dDm232 < 1x 10 4eV?2
at (sin?2g=1.0, Dm2=3.2x 10 3eV?)

20



Nm — Nt confirmation w/ NC Iinteraction
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Ne apPPEAr ance

NnC.C. NmN.C. /Beam Ne Osc’'d Ne
Generated 10713.6 4080.3 292.1 301.6
1ring e-like 14.3 247.1 68.4 203.7
red. eff. 0.1% 6.1% 23.4% 67.5%
e/p° sep. 35 23.0 21.9 152.2
red.eff. 0.03% 0.6% 7.5% 50.4%
A<En<l.2 1.8 9.3 11.1 123.2
red.eff. 0.02% 0.2% 3.8% 40.8%




Ne APPEAr ance
Background rejection against NC pP is improved.
siN?20me=0.05 (sin%20me © 0.5siN%2013)
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Nmdisappear ance | .
T Ratio after BG subtraction
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4. Physics sensitivity in Phase-l |

2 years (10 102POT) for npand
6 years (30" 10'POT) for nmrunning
—> Search for CP violation in n oscillation.
®standard: Ny® Ne VSTIH® Te
®non-standard: Ny® Nt vsNin® Tt W/ NC
—> Search for n® ne
—> Search for proton decays.

Sengitivity (goal):
sin22qus < 1x 10-3(90% CL)
d| >20° (3s discovery)

at (Dm122 =5x 10 °eV?, Dmy32 =3x 10 3eV?)
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n.{n.flux for CP violation search.
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CP Violation Study
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Search for n® ne
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5. Summary and Conclusion

e The experiment is expected to start in 2007 at the same
time of the completion of JHF 50 GeV PS.
— The experiment is not approved yet, and we need your
STRONG support to put the experiment on track.
* Thefeatures of the experiment are:

— MW class 50 GeV proton accelerator  (0.77MW ® 4MW)

— ~1GeV Narrow band neutrino beam at the oscillation
maximum (L=295km).
— Gigantic Water Cherenkov detectors with/ neutrino energy

reconstruction by quasi-elastic interaction. (22.5kton ®
1000kton)
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Physics Reach (see hep-ex/0106019)

e Phase-l (0.77MW + 22.5kt):

NC interaction: Establish n.{® n: and limit on Np® Ns
Nni® Nim: dsin?2023< 0.01
Nn® Ne : SiN2013 < 0.006 (90% CL)
Nn® Nm: dDmM23z? < 1x 10 %eV?
at (sin?2g=1.0, Dm?=3.2x 10 3eV?)

e Phase-1l (AMW + 1000kt).
Nn® Ne @ SIN22013 < 1x 103 (90% CL)
N® Ne VSTIK® Ne : |[d|>20°  (3s discovery)

at (Dm122 =5x 10 %eV? : Dm232 =3x 10 38\/2)

tproton'B(p® epo, nK) > 1035 yeaI‘S
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Supplement
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Ne cOntamination in the beam
Off-Axis Beam
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Beam improvement: decay pipe len
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5 years precision

NBB-3GeVp, OAB-2degree,

d(sinz2q) 4Om?)

1|:|':—

il

_ ; |
III.I:IIDE III.IZ‘:IH- I:I.I:;{IE D,c:ua 0.002 0.004 0,008 CO0A
Baln™(24) fism®

d(sin2g) 0.01in5years
d(Dm?)  <1x 10*in5years
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013, Dm1, dependence for CP senditivity

Dm»2 = 3x 10 %eV?2

2/ . 2
A 1 DM’ /sin’ 2,
e NO 013 dependence for sin?2 g3 >0.01
— For sin?2 g13 <0.01 , thereis an effect of background

e Dms2? dependence (Dmayo? > 2~3x 10-°eV?)
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Possible detector site
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By Prof. Totsuka

We will rebuild the detector. Thereisno question. The strategy may be
the following two steps, which will be proposed and discussed among my
colleagues.

1. Quick restart of the K2K experiment.

(D)We will clear the safety measures which may be suggested by the
committees, (2) reduce the number density of the photomultiplier tubes by
about a half, (3) use the existing resources, (4) resume the K2K experiment as
soon as possible; the goal may be within one year.

2. Preparation for the JHF-Kamioka experiment.

(1)Restore the full Super-Kamiokande detector armed with the state-of-the-art
techniques. (2) The detector will be ready by the time of the commissioning of
the JHF machine.

To achieve our objective is formidable but we are determined to do so. We
certainly need your encouragement, advice and help. | should appreciate it very

much if you could support our effort as you have kindly done so before.
40



