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B.W.Leeõs contribution to neutrino physics

ÅPapers on neutrinos :

̋ The Process muon- neutrino + p --- > muon- neutrino + p + pi0 in Weinberg's 

model of weak interactions.
Benjamin W. Lee (Fermilab) . Published in Phys.Lett.B40:420 - 422,1972 . 

̋ Chiral- symmetry - breaking effects on neutrino scattering.
B.W. Lee , J.E. Mandula (Caltech, Kellogg Lab ) . 
Published in Phys.Rev.D4:3475 - 3481,1971 . 

̋ Neutrino Physics - Theoretical Considerations.
B.W. Lee (Fermilab)  Published in Phys.Lett.22:29 - 55,1974 . 

̋ Cosmological Lower Bound on Heavy Neutrino Masses.
Benjamin W. Lee (Fermilab) , Steven Weinberg 
Published in Phys.Rev.Lett.39:165 - 168,1977.     Cited 613 times 
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̋ Summary Talk: Status of Accelerator Neutrino Physics.
Benjamin W. Lee (Fermilab) . 
Presented at Int. Neutrino Conf., Aachen, West Germany, Jun 8 - 12, 1976. 
Published in Neutrino 76:0704 

̋ Estimates of Charm Production in Exclusive Neutrino Reactions.
R.E. Shrock , Benjamin W. Lee (Fermilab) 
Published in Phys.Rev.D13:2539,1976, Erratum - ibid.D14:313,1976 . 

̋ Contributions of Vector - Meson - Dominance to Charmed Meson Production in 
Inelastic Neutrino and anti- neutrino Interactions.
Martin B. Einhorn , B.W. Lee (Fermilab) . 
Published in Phys.Rev.D13:43,1976 . 

ÅPapers (Spires search) published in journals : 76

Å Total citation : 12138

Å Citation per paper : 160

Å # of papers cited >1000 : 4  (cf. S. Weinberg : 4 till 1977)

Å Statistics :
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ÅPauli (1930) proposed neutrino to solve a prob .

What is Neutrino ?

Weakly interacting massless neutral fermion

In b- decay

The first discovery of neutrino : Cowan & Reines 1956



Å Neutrinos in the  Standard Model

ÅHow neutrinos describe  in the SM ?

ÅWeak interaction exchanging

( )D igGm m m=µ -LDL



The first discovery of neutrino oscillation in SK 
1998

The President's View

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

[W]e must help you to ensure that America continues
to lead the revolution in science and technologyéé..
Just yesterday in Japan, physicists announced a       
discovery  that tiny neutrinos have mass. é..but it may 
change our most fundamental theories   from the 
nature of the smallest subatomic particles  to how the 
universe itself works, and indeed how it expands. 



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 difficult to detect .
Neutrinos have a minuscule, but nonzero mass.
They are usually denoted by the Greek letter ɜ(nu).
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Outline of my talk

ÅCurrent status of neutrino physics

Å Particle physics implications

ÅWhat we know and donõt know
- new phase of neutrino physics

ÅConclusion



Discoveries in the last decade

¸ Atmospheric nm are converted to nt (SK 98)

¸Solar  ne are converted to either   nmor  nt (SNO 02)

¸ Reactor anti -ne disappear /reappear (KamLAND 04)

¸Accelerator nmdisappear (K2K 04, MINOS  06) 

O̧nly the LMA solution left for solar neutrino problem 

Current Status of Neutrino Physics



Neutrino oscillations happen
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Neutrino Oscillations in Matter
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Å7 physical parameters in n oscillations

Å Neutrino oscillation experiments sensitive to

Dm2
21=m2

2-m1
2 ,   Dm2

32=m3
2-m2

2

3 mixing angles &  1 CP phase (d)

Neutrino Mass and Mixing Parameters

unknown unknown



Catalogue of main oscillation experiments

ÅSolar neutrino experiments
Homestake, SAGE, GALLEX, SuperK, SNO, Borexino

ÅAtmospheric neutrino experiments
SuperKamiokande

ÅReactor anti -neutrino experiments
KamLAND,  CHOOZ, RENO

ÅLong Baseline experiments
K2K, MINOS, OPERA



Sun burns!!!

electron neutrinos are 
produced

Oscillations 
in  matter
of the Earth

Adiabatic conversion

in matter of the Sun 

Earth



Solar Neutrino Experimental Results

We observed solar neutrino flux deficit 



Evidence for Solar ne oscillation from SNO

Å Charged Current : ne

ÅNeutral Current :  ne+nm+nt

7.6s difference

Ý nm,tare coming from the Sun!



SNO (II, III) experiments

2008

shifts to a lower value

2005



Constraints on solar parameters
from solar ndata

Large Mixing Angle (LMA) solution as preferred solution

1sintervals 

2002 Best - fit 

286.0sin

102.6

12

2

252

21

=

³=D -

q

eVm

34.024.0sin

10)124(

12

2

252

21

-=

³-=D -

q

eVm

2008Best - fit 

33.028.0sin

10)5.75.3(

12

2

252

21

-=

³-=D -

q

eVm



KamLAND Experiment

First terrestrial n exp. relevant to solar nproblem

KamLAND

To probe LMA, need L~100km, 1kt,
need low En, high Fn

First result (2002)

No oscillation hypothesis
Excluded at 99.95%



KamLAND experiments (2008)

No distortions excluded

at  > 5 s

Almost two oscillations                    
observed  !!!

Testing solar L/E dep.


