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A Papers (Spires search) published in journals : 76
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‘ What is Neutrino ? I

A Pauli (1930) proposed neutrino to solve a prob
In b- decay

\ hypothesized
neutrino
e b

Weakly interacting massless neutral fermion

The first discovery of neutrino  : Cowan & Reines 1956



A Neutrinos in the Standard Model

A How neutrinos describe in the SM ?
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The first discovery of neutrino oscillation in SK
1998

The President's View

(excerpted from remarks at the MIT
commencement, June 6, 1998)

President Clinton addresses the
graduating class at MIT

[W]e must help you to ensure that America continues

to |l ead the revolution I n sci] e
Just yesterday in Japan, physicists announced a _
di scovery that tiny neutrinos

change our most fundamental theories _from the
nature of the smallest subatomic particles to how the
universe itself works, and indeed how it expands.




Wikipedia

Neutrinos (meaning.: "Small neutral ones") are
elementary particles that often travel close to the

speed of light, lack an electric charge, are able to

pass through ordinary matter almost undisturbed

and are thus extremely difficy 0__detect.
Neutrinos have a minuscule,
They are usually denoted by the Greekietter 3(nu).

Astrophysics and Cosmology

A

Nuclear Physics Particie Physics
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Outline of my talk

A Current status of neutrino physics
A Particle physics implications

AWhat we know and dondt |
- new phase of neutrino physics

A Conclusion



Current Status of Neutrino Physics

Discoveries in the last decade
Atmospheric n., are convertedto n, (SK 98)
, Solar n, are converted to either n,or n. (SNO 02)
Reactor anti -n, disappear /reappear (KamLAND 04)

, Accelerator n_disappear (K2K 04, MINOS 06)

. Only the LMA solution left for solar neutrino problem




Neutrino oscillations happen
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Neutrino Oscillations in Matter

Mikheyev dSmirnovdwWolfenstein (MSW) effec 1
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Neutrino Mass and Mixing Parameters

A 7 physical parameters in n oscillations
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Reactor

3 masses + 3 angles + 1(3) phase(s)
= 7(9) new parameters for SM

Atmospheric

Oscillation phase §
Majorana phases ¢ ,q«,

A Neutrino oscillation experiments sensitive to

Dm®,=mp2-my* ,  DmM?;,=my*-m,?
3 mixing angles & 1 CP phase ()



Catalogue of main oscillation experiments

A Solar neutrino experiments

Homestake, SAGE, GALLEX, SuperK, SNO, Borexino

Experiments Parameters of Parameters of
A Atmc leading effects sub-leading effects
Solar neutrinos, .-ﬁf.rnfg, Hyo 13
SUPE mLAND
Atmospheric neutrinos Am3as, Gog Am3y, f1a, 013, &
A Rea( K2K .ﬁ??l%:.,, Hog B3
CHOOZ Am2s, 043 strongly suppressed
KamL 3 mvos AmZs, 05 O1a

A Long Baseline experiments
K2K, MINOS, OPERA
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Solar Neutrino Experimental Results

Total Rates: Standard Model vs. Experiment
Bahcall—Serenelli 2005 [BS05(0P)]
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Evidence for Solar n, oscillation from SNO

Sudbury Neutrino A Charged Current : 7,
Observatory
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SNO (ll, lll) experiments

SNO CC/NC ond A, (%) isolines (8,;=0)
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Constraints on solar parameters
from solar n data

2008Best - fit
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Large Mixing Angle (LMA)  solution as preferred solution



KamLAND Experiment

First terrestrial n exp. relevant to solar n problem
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Events / 0.425 MeV

Efficiency (%)

KamLAND experiments (2008)
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