
Importance of neutrino oscillation 
parameter measurements 
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Exact analytical formula for 
neutrino oscillations in matter

Kimura, Takamura, 
Yokomakura 02

Eigenvalues of the matrix below:

28/01/2005 Steve King, Beta beam meeting 3



Super-Kamiokande: Atmospheric Neutrinos and Theta_23
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- Production of neutrinos in the atmosphere 
(expected neutrino flux ratio: mu: e = 2 : 1)

- detection (sensitive to direction) in
SuperKamikande (Cerenkov, 
50000 t water in Kamioka mine, Japan)

- atmospheric neutrino deficit

Explanation by neutrino oscillations with: 
Theta_23 ~45°
Delta m2atm ~2.10-3  eV2



KamLAND: Large Mixing Angle (LMA) MSW
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- electron antineutrinos from reactors (flux 
quite well known)    mainly in Japan

- average distance to detector (baseline)
~250 km

- search for antineutrino disappearance 
(conversion into different flavour) 

Results compatible with neutrino 
oscillations (LMA MSW solution confirmed): 

Theta_12 ~30°
Delta m2sol ~ 7.10-5  eV2



Neutrino 
oscillations 

c.2003        

For a review see       
SFK hep-ph/0310204
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Detailed fits c.2004        

from: Maltoni, Schwetz, Tortola, Valle ('04)   
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Neutrino Mixing Angles 

0.0°
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Three Neutrino Mass Patterns
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Normal Inverted



The Unanswered Questions
APS study Mohapatra et al hep-ph/0412099

Amenable to LBL 
neutrino oscillation 

experiments
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How we could learn about the nature and pattern of neutrino masses?
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∗

Amenable to LBL neutrino oscillation experiments∗

APS study Mohapatra et al hep-ph/0412099



Compilation of theoretical predictions for 
deviations from maximal atmospheric mixing  

S. Antusch,  M. Huber, J. Kersten, T. Schwetz, W. Winter (hep-ph/0404268)
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Sensitivity for Excluding Maximal Atmospheric Mixing
I. Long Baseline Experiments
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Sensitivity for Excluding Maximal Atmospheric Mixing
II. Atmospheric Neutrino Oscillations
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Expectation for Theta_13 for a  
natural neutrino mass hierarchy 
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Blazek,SFK  00

13 9oθ ≈

13 0.9oθ ≈

Unknown ratio of 
Yukawa couplings
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Compilation of Theoretical predictions for Theta_13 

From hep-ex/0402041



Experimental prospects for Theta_13
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APS study Albright et al, physics/0411123

45o9o3o0.3o 0.9o0.09o0.03o

?



90CPδ = o

Prospects for measuring CP Violation if             .

Neutrino 
factory or beta 
beam required

90CPδ = o

APS study Albright et al, physics/0411123
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Quark-Lepton Complementarity?
Lepton mixings Quark mixings

Present experimental data allows for relations like: 

…SFK (’02), Raidal ('04) 
Smirnov, Minakata ('04),
Mohapatra, Frampton ('04)

'Quark-lepton complementarity‘ –
clues to quark-lepton unification?

12 12 45qθ θ+ = o

13
qθ

23
qθ

This motivates measurements of neutrino mixing angles to 
at least the accuracy of the measured quark mixing angles
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Summary and Conclusion 
Recall the unanswered questions amenable to LBL experiments: 

No theoretical consensus – accurate 
measurements would provide a good 

discriminator between  models.
Probably yes, need a nufact or 
beta beam if      .     2 2

13sin 2 10θ −<

Need very LBL matter effects.

YES! Are accurate measurements of neutrino 
oscillation parameters important to theorists?

To at least the accuracy as quark mixing angles to 
test ideas about quark-lepton unification – maybe 
more accurate measurements possible since lepton 
parameters are not subject to QCD corrections.

How accurate?
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