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Solar neutrino experiments
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R R 8B v Reactions in SNO
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Mainly sensitive to v,
lesstov, and v,

..,;-:; @ I/x-l_d - p+n+vx

n+d - t+y(E, =6.25 MeV)
(pure D,O phase)

- Equal cross section for all v types

1,000ton D,0O




SNO results in 2002

If Super-K data (ES) are used:
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Neutrino oscillation parameters
(summer 2002)

2v active oscillations. all data
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KamlLAND
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Neutrino oscillation parameters:
Solar + KamLAND

o 2v Solar + CHOOZ + KamLAND G.L.Fogli et al.
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New analysis results
from Super-Kamiokande

max. likelihood analysis (hep-ex/0309011)
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SNO Salt phase = WG discussion

J.Formaggio
2 tons of NaCl added into 1000 ton D,O
(Salt phase: 2001-2003)
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New results from

SNO

Nucl-ex/0309004
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Oscillation analysis
SNO(2003)+KamLAND+solar (Sep.2003)
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Atmospheric neutrinos Cosmic Ray

Atmosphere

Neutrinos from the other
side of the Earth.
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Neutrino oscillation parameters
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Improvements and sub-sample consistency (SK)

Improvements

* v flux
(1dimensional = 3d.)

* v interaction models
(based on K2K near data)

e Detector simulation
e Event reconstruction

S

Each change
contributes to the
shift in the allowed
(Am?) region.

Am? (eVZ)

10

10

90% CL

— Combine
- — Sub-GeV low
[ — Multi-GeV
| — PC
— Multi-ring
'l 'l 'l I 'l 'l 'l I 'l 'l 'l I 'l 'l 'l I 'l 'l 'l 'l 'l 'l I 'l
0 0.2 0.4 0.6 0.8 1 1.22
sin“20

WG discussion (E.Kearns)



K2K
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Number of events

CC quasi elastic reaction —— > Ev from (Ep and 6 u)

10

o

Normalized by area

Best fit
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E, (reconstructed) (GeV)

Best fit point (sin%20 , Am?)
= (1.0, 2.8x 103eV?)

KS test prob.(E, dist): 79%

Ns,(expected by osc.)=54
Ngk(observed)=56

. I

Both Ng and E,, -
distribution are consistent
with oscillations.



Allowed parameter region based on E, and Ngy
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events

New K2K data after
SK recovery
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K2K-I
80.1*6-2 . , expected
56 observed
obs/exp=0.70+ 0.09(stat)
K2K-II (until April 2003)
26.4+%3 , . expected
16 observed
obs/exp=0.61+ 0.15(stat)

Event rates are
consistent between
K2K-I and -lI
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Data

all data

CHOOZ v,
disappearance

K2K electron
appearance
SK Atmospheric
neutrinos Data 1
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Constraints on 9,4

K.Nishikawa LP03
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e rav LSND and
; MiniBooNE
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If LSND result is confirmed, it could be arealnew  §  [C
physics. (No one can explain LSND within the ; :
presently known frame work of neutrino oscillations.) : i
=>» Very important to check the LSND results.
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Status

e Known;
AM?5313), O3,
Am?,,, 8, and the sign of Am?,,

e Unknown;
6,5 (known to be small),
O(CP phase),
sign of Am?,5 45

Need experimental confirmation;
Oscillation
T appearance
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Muon Neutrino Events

MINOS (start end 2004)
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CNGS (start 2006)

Primary goal: detection of tau neutrinos

g e - First Uinit T + T1200 LUnil T1200 Uni
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b ; Hybrid emulsion

Bubble chamber
' detector (1.7kton) like image
Observe 1 decay Deta#ed kin. ~ T600 data in
Pb : study of v, 2001
Emulsion layers events
Expected number of T events
1.6 103 2.5 103 4.0 103 background (5yrs)
OPERA 4.3 10.3 26.3 0.65
ICARUS 4.9 11.9 30.5 0.7




JPARC neutrino project (start 2008 or 9?)

Off-axis beam

Target Decay Pipe

Horns 2 . Si O . 5

x 100 more intensity than K2K, Ev < 1GeV
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Status: waiting for decision (approval?) at the end of this year
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NuMi Off-axis (year ?)

Neutrino oscillation experiment with an Off-Axis detector (lower energy neutrinos)
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40kton fiducial mass
Low Z, high granularity detector

Similar sensitivity as JPARC-v

Matter effect: MuNi-Off-axis > JPARC

P(V,2Ve, NUMI)[%]

hep-ph/0301210
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Determine the
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Importance of understanding of neutrino
Interactions

Example:

#Events/200MeV/5Years

#Events/200MeV/5Years

For sin26,,=1.00 (JPARC) _——— Stat. error: +/- 8.5
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20% syst. In non-QE/QE
ratio = 8.5 events

I—>Non-QE/QE ratio must be
understood (much) better

than 20%.
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Reactor experiments for 6,5
(Do better than CHOOZ did)

Good: Relatively cheep(?),
If measured, the measurement is really a measurement of 0,
(No ambiguity from 0,5, sign of Am2, CP phase)

Challenge: disappearance (% range) = control systematics <1%, higher stat.
2 (identical) detector system,  50tons each
underground

Serious discussions in Russia, USA,
Europe and Japan

Factor 5-10 improvement seems possible



Toward the measurement of 3(CP phase)
Super-beam experiments
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Surnary

* In the past several years, we have learned a lot
about the neutrino masses and mixings.

* We know Am?,13), 853, AM?y,, 0, and the sign of
Am?2,, .
 In the future neutrino oscillation experiments, yet

unknown oscillation parameters (6,3, 0, and sign of
Am?,3.13, ) can be measured.





