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- Sl tHACrEXPEnimeEntsiis to
__eXpIore the neutrine oscillation phenomena
In detail'beyond the discovery phase.

— Three generation Matrix (NMS matrix)
, matter effect, the signrofiAmpz?

— May be an unexpected physics behind the
escillatien.phenomena. A

B

o —

S
[T TS
R

mca—

A'Voyage to the unexplored [yl uElas




— Super-rlarioxande, SNO, <2, MINOS, ICARUS, ...

- Thegaelfecade el discaverineckstirorise of ifle lzrcfe
efiect (V' oscillation):

= which should be followed by the more complete
studies with high statistics,
— more precision
= 023, Am?,,, oscillation curve, non-oscillation scenario
L=rgensitive to a rare process

.

e O13 (Vi B RER Vielatien) Uiexpected phenomena:

o

to explore the underlying physics of v oscillation.




2. Super Neutrino Beam

¢ A Super Neutrino Beam makes it possible to study
v oscillation phenomena with a great precision.

¢ What is the Super Neutrine Beam?

— No Clear definition, but it IS a very Intense neutrine beam
produced by a highi pewer (~1MW: or moere) accelerator.

¢ A conventional method.

o Still' technically: challenging due ter the high pewer and
the high radiation environment, but net Impoessible.

Dual Horn Focusing Ind Magnetic Horn
1st Magnetic Horn :




®Past Accelerator Neutrino Experiment
P=0.01-0.1MW

M=0.01~1kton
G
4 #vO P xM/L2

L=0.1~1km
® Accelerator Long Baseline Neutrino Experiment

P=~1MW (x100) M=1~100kton ( x 100)
U

L=100~1000km ( x 100)

Need High Intensity accelerator [/ Super v Beam




(High Intensity) Proton Accelerators

Power Energy Intensity Rep. rate
(MW) (GeV) (10!2ppp) (Hz)

KEK-PS
AGS
FNAL-MI
SPS

JHF-1
Super-AGS

FNAL-proton
driver-I1

SPL
JHF-11

I Not the construction stage yet, but R&D stage.




(Super) Neutrino Beams

<Ev> L #CC L/ Losci, * f(\)e)
(GeV) (km) v/kt/yr @peak

K2K

NuMi (High E)
NuMi (Low E)
CNGS

JHF-1

Numi off-axis
Super AGS
JHF-II

SPL

B beam**

n, (B

2°127Am, > w/ Amy32=3x10-3eV2 (**) y=150, °He ( Ve)




3. Experiments with
thie super neutrino beam

JHF-Kamioka Neutrino Project

FNAL Super-NUMI w/ the proton
driver upgrade and the BNL Super-AGS

SPL (or CNGS off-axis) +[3 beam




3.1 JHF-Kamioka Neutrino Project
(hep-ex/0106019)

Plan to start in 2007 ;’”‘*aﬁ ;@f

( conventional v beam)

{C} Ell][l,E'gl'll s - 4400 i S6TEE kmn auroaa

Phase-1 (0.77MW + Super-Kamiokande)
Phase-11 (4MW+Hyper-K) ~ Phase-I X 200



= Pacific Ocean -
. JHF Facmty R

JAERI@Tokal muraJ T, SUDer Conducting
—60k of KEK P magnet for Vv beam line

{ m?‘*ﬁ——"————= o ' 5#GeV PS (o 77MW)

Construction 3GeV PS

2001~2006 23 /1

(approved)

77777

Budget Request o the

'(/ beam line this year
1021POT(130day) = “1 year”



by “off-axis”.
Illation maximum.
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Far Det.
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50,000 ton water Cherenkov detector
(22.5 kton fiducial volume)
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3.2 USA: FNAL and BNL plan

= BNL: Super AGS (1.3MW, LOI submitted)

= FNAL: Super NUMI (1.6 MW) or the new
proton driver.
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FNAL, BNL to Soudan

- FNAL-Soudan: 735 km 5 BNL-Soudan: 1711 km
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Detectors

s B i UNO
: ?.::E?;‘;:E::“iz;.-m(N 100kton) - B (400kton Water Cherenkov
' Dedicated Solar nu
Detector (40% photo-cathode (10% covera
coverage, a la SuperK),
6MeV vy from vK+

PMT Plane

180 m

Only optical
Fiducial Volume separation

—> 2 m jid. vol. cut
—'r <+— 24 m Veto shield

LANMNDD

iguid Srgon Mevirine ond Alucieon Bocoy Solioocho-




USA beams and detectors

= US neutrino physicists are investigating several
combinations of detectors, beams, baseline, etc.
including v-factory.

= BNL LOI is proposed to send v beam to
Homestake at the distance of ~3000km to study
matter effect and the sign of Amy32.

This is a unique feature of this project, which is
not considered in JHF-Kamioka and CERN-SPL.

= My talk does not cover NUMI off-axis which will
be presented in the later talk.




3.3 CERN: SPL + [3 beam

(hep-ph/0105297)

Eunch .
. compressor — 2.2 GeV Superconducting
-"-.:.__I.'i_I.'_lg_. L_“ Accumulator ring H' Linac -

44/88 MH= capture, -
cocling, acceleration  _ _.--77 )

510 CeV Prodt_!ce v beam

S R recirculater  _ _.-
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CERN baseline
scenario for a
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SPL (Super Proton Linac)

45 keV 3 MeV 120 MeV 2.2 GeV
11.5m se —— 55m < 584 m J
40va 2371\1[eV 3%3MeV

H H RFQ chopping {DTL CCDTLHp 0.52 0.7 0.8 i dump

Source Low Energy section DTL Superconducting section  Debunching

< >
665 m Stretching and
collimation line

A . _ PS / Isolde < ‘
| g x\.h " . /
TN N PMI Accumulator Ring




CERN SPL to UNO at Frejus
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SPL 3 beam (v, and v_ )

= A novel idea to generate a neutrino beam from
accelerated radioactive irons.

Low energy (=2MeV) B ray in the CM frame, which can
produce the forward focused v beam.

9Be(n,a)6He °He, He .B___ jpa/nauun ne:.tmns

Transfer line » °
to ion source e

5X1013 6He/s every 8s
1012 18Ne/s every 8s

Cnallatinn tarnat-

Spallation neutrons

ISOL target (BeO) in concentric cylinder




SPL (3 beam to Frejus
target source 20 MeV/up>~300 MeV/

Decay ring and

450 GeV/p bunch rotation™

NMeutrino Fluxes (integrated over angle, no cutofft FI"EFEI.‘I' ;
. an produce
ol, v :
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4. Physics Sensitivity

* Physics goals of most super v-beam
experiments are:
— Discovery of v, - Ve and the measurement of 643
— CP Violation (v, — Ve VSV, — Ve)
— Sign of Am? by using matter effect.

— Precision measurement of v oscillation
parameters.




Ve appearance in JHF-Kamioka (phase 1)

Signal
123.2 events @ sin22613=0.1, Am2=3 x 10-3eV?2

(5 years ru




Ve appearance (continue)
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vy disappearance
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vy —V: confirmation w/ NC interaction

® NC 10 interaction (v+ N — v + N + 1Y)
CC ~0.5CC) ~0 (sin229pe~0)
CC ~0.5CC ) ~0 (maximum oscillation)

#10 is sensitive to v; flux. Limit on vs (
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CP Violation Study w/ Hyper-K (Phase 2

« Compare v, - Ve (2 years) withv, - Ve (6years)
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US Super v beam

* They are studying the physics potential of
several options, which are competitive to
JHF-Kamioka project.

NUMI-offaxis
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CERN: SPL+( beams to UNO@Frejus

» Search for v, - v, w/ super v beam
» Search forv, - v, w/ 3 beam

* They can also study T symmetry in v oscillation
betweenv, - v,andv, - v,,.

440kton
5 years

0% CL
99% CL

: " Similar sensitivity as
o 3 JHF-Kamioka -II

.""..l. . :
Lol J—I— r—

104 102 102 sin220,;




CP sensitivity ()

0,5 and 0 measurement

1o, 90%CL, 99%CL

400 kton UNO
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-150 7 | . 8,3 (degree)
23 45 6789101112‘




CERN: SPL+[(3 beams to UNO@Frejus
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More Possibilities (1)

® Japan to Korea or China (hep-ph/0112338)




More Possibilities (2)
m Fermilab to Super-Kamiokande (hep-ex/0203005)
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Remark: Near to Far extrapolation

A next generation LBL V experiment requires the
precise knowledge of V spectrum at the far site
based on the measurements at the near site.

m Hadron Production Experiments
s CERN HARP(-IIT), ENAL F907

B A detector at the medium distance

® JHF-Kamioka project proposes to build the near
neutrino detector at 2km away from the target, which
is far enough to see the neutrino production volume
as a point soutce.




Non Oscillation Physics

m A near site detector with the super V beam can

probe LSND effect if demanded.

m Precise V interaction and cross section study.

m Quasi-elastic scattering; etc..

m Ve elastic scattering at low Q?; the neutrino
magnetic moment.
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smslimmary and Conclusion,

—

NNHE ext: 5 years, severall LBL v experiments, will
orovida sgega sfosizog.aavaeselllz e )

sensitivity w/ super v-beams

w/ 20~50 kton detectors
>10 times more sensitive than CHOOZ.

w/ 400~1000 kton detectors
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Saslimmary and Concltsion (Continte)
= CI?_ Vit Sensitivity -
NEEERENEPEREELECOME 001 000K MVIRER
VI=We oscillation)is discovered.

SNiHE sensitivity of CP violation phase
if Am1,2=5[10-5eV2 (LMA).

SiIErsign off Amps2 and matter effect

— = &sihellonger baseline (~1000km or more) is necessary to
~ study it. JHF and CERN SPL has no design of the v
peam line for this purpose.

— [here may be a surprise behind the v oscillation
phenomena. We should proceed the experiments
with the super v beams and the larger detectors.
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