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where E'is the neutrino energy. L is the distance traveled by neutrino. and Am,;; =

— m? (rz; being mass eigenvalues) are the mass squared ditferences. Here Re
and Jm denote real and imaginary parts.
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Figure 4.3 Schematic illustration of the L/ E value characterizing various types of neutrino
oscillation experiments.
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V(x) = V2GpNe(w),

OSCILLATIONS IN MATTER

)

Figure 4.1 Schematic illustration of neutrino oscillations in vacuo (left) and in matter (right).
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Figure 4.5 Average ®B solar neutrino survival probability versus energy for best-fit
oscillation parameters [83]. Matter effects are important for high-energy neutrinos, while
low-energy neutrinos are suppressed as in vacuo. Courtesy of M. Tértola.

Experiment Type Method Dates Threshold (MeV) Main Fluxes

Homestake C1 radio CC 1968-2002 0.811 *B. "Be
Kamiokande active ES 1987-1995 7.0-9.0 B

SAGE radio CC 1990-now 0.233 pp. "Be

GALLEX/GNO | radio CcC 1991-2003 0.233 pp. "Be
Super-K active ES 1996-now 4.0-7.0 *B
SNO active | ES/CC/NC | 1999-2006 | 4.0-7.25;2.22(NC) *B

Borexino active ES 2008-now ~ (.8
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Figure 4.8 Evidence for neutrino oscillation at the solar scale in the KamLAND reactor
experiment, from Ref. [217].
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Figure 4.10 Evidence for neutrino oscillation at the atmospheric scale in the MINOS
accelerator experiment, from Ref. [233].
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Oscillations after nu2014
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Double Chooz: 467.9 days [arXi1v:1406.7763]
RENO: 800 days [talk by Seon-Hee Seo@ICHEP2014]
Daya Bay: 621 days of data (6AD + 8AD) [Talk by Chao Zhang@ICHEP2014]




NEUTRINO OSCILLATION PARAMETERS
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CP violation and neutrino oscillations

Hiroshi Nunokawa?, Stephen Parke®, José W.F. Valle¢*
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Neutrinoless Double Beta Decay
A.S. Barabash arXiv:1104.2714
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OPEN ISSUES IN NEUTRINO PHYSICS

® What 1s the origin of neutrino mass? Why are neutrino masses so small ? Is 1t
a remnant from unification ? Or does 1t follow from weak-scale physics ? Is
this related to the origin of parity violation 1n the weak interaction ?

® Are neutrinos Dirac or Majorana particles? Does neutrinoless double beta
decay take place?

® how to explain the pattern of neutrino mixing?

® Is CP violated in the lepton sector?

® Do lepton flavour violating processes, e.g., 4 — e+ v, u — 3e, 7 — 3u
efc. , occur and at what rates? ;1 — e conversion oin nuclei, etc Does lepton
flavour violation take place in the domain of high energy processes?




