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notice the sign!!!!





L21 ∼ 30 km

L32 ∼ 0.8 km



March 8, 2012, Daya Bay  (electron antineutrino disaprearance)



What’s to be done …



We determined that m(KL) > m(KS) by
•Passing kaons through matter (regenerator)

•Beating the unknown sign[m(KL) –m(KS)] against the known 
sign[reg. ampl.]

We will determine the sign(∆m2
32) by

•Passing neutrinos through matter (Earth)

•Beating the unknown sign(∆m2
32) against the known 

sign[forward νe e       νe e  ampl]



CP :How we are going to do it ?
Accelerator experiments

Appearance experiment νµ νe

Measurement of νµ νe and νµ  νe yields δ

Remember what happens  in the quark sector !!!





The off axis idea

By going off axis, the beam 
energy is reduced  and the 

spectrum becomes very 
sharp.

Allows an experiments to 
pick an energy for the 

maximum oscillation length.



Minakata and Nunokawa

What will we get ?





PNMS

PNMS





Daya Bay   θ13 miserably small !!!





Can I have it ?
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For very long baselines and atmospheric neutrinos...
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Type I see-saw mechanism Type II see-saw mechanism
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 How we can find out ?
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Only allowed for Majorana ν

2 body decay:  e energy 
sum is a delta



νi is emitted ( RH + O(mi/E) LH )

Amp[νi contribution]   ~  mi
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Test KK may look easy but nobody did it completely …



Some  exotic (and not so exotic) scenarios

Non standard neutrino interactions

CPT violation

Violations of Lorentz invariance



( )( )fPflPG RLLF ′,22 µα
µ

βαβ γγνε

Non standard neutrino interactions

They can be described by effective four-fermion
operators of the form

W

NSNI



NSNI can appear at every step. It is therefore
necessary to break down the analysis in three
stages

• the production process

• the time evolution

• the detection process



Lets have a look at what is called the “golden ” channel



The system consists of an initial state   

A + T  

and a final state 

C + U

state of the parent particle

state of the target

state of the particle producing and 
identifiable event

unobserved particles

intermediate state  B
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For a neutrino factory : A →µ- C → µ+



Production and detection involve charged current NSNI

π → µ +να

n +να → p + lβ
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We are left  “only” with neutral current NSNI

( )( )fPfPG RLLF ,22 µα
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Kopp et al. 1009.0014

neutrino
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CPT violation





Current bounds
●We use the same data (except atmospheric 
neutrinos) as for the global fit 
arXiv:1708.01186 to obtain

G.B., C. Ternes and M. Tortola, ArXiv:1712.01714



Distinguishing CPT violation from NSNI
The muon neutrino survival probability in matter can be written as 

in matter



Violations of Lorentz invariance



Violations of Lorentz invariance

standard Lorentz 
covariant  term

violates both CPT and 
Lorentz invariance

Lorentz violation



Violations of Lorentz invariance

standard Lorentz 
covariant  term

violates both CPT and 
Lorentz invariance

Lorentz violation

As usual, the oscillation probability is governed by the difference of the 
eigenvalues of the effective  hamiltonian.
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V.Kostelecky and N. Russell
Rev.Mod.Phys. 83 (2011) 11
e-Print: revised Jan 2018



sin2(2θ13) =  0.089 ± 0.011
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