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CP violation 
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Neutrino oscillations
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• With 3ν, there are 3 angles and 1 imaginary phase: 

• The phase allows for CP violation similar to the quark sector. 

• There are also 2 values of Δm2, traditionally Δm212  &Δm231.
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How to measure it ?
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• νμ ⟶ νe  with atmospheric Δm2  (long base line: T2K, Nova)

• Sensitive to violation of Charge Parity symmetry.

• We need to know:    θ12   θ23   θ13    Δm231    &    Δm231
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How to measure it ?
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• Compare P (νμ ⟶ νe) with P (ῡμ ⟶ ῡe)

• Any deviation from 0 is an evidence of CP violation. 

• To extract the value of  δCP  we still need to know:    

• θ12   θ23   θ13    Δm231    &    Δm231
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What is better ? 

Method 1

+ Production and detection of 
neutrinos is efficient.

- Model dependent. 

- Systematic errors. 
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Method 1

+ Model independent. 

+ Cancellation of systematic 
errors (neutrino-
antineutrinos). 

- Production and detection of 
anti-neutrinos is 6 times less 
efficient than neutrinos. 
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T2K 
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p π→ν,µ ν
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Neutrinos are produced in an 
accelerator:  

1. Protons produce pions that decay 
into muon neutrinos.

2. Pions are focused with a magnetic 
horn.

The flux is 
measured to 

reduce 
errors.

Measurement 
of oscillated 

flux.
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T2K
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~0.5 ῡ / 0.5   
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Nova 
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Nova
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Nova
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P (⌫µ ! ⌫µ)

P (⌫µ ! ⌫µ)
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T2K
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Exp.
sin2θ23=0.528

ΝΗ
Obs.

μ 127.9 125.

ῡμ 64.3 66.
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T2K
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Results are consistent 
with maximal mixing!
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Nova P(νμ→νμ)
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Nova 
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Results exclude maximal 
mixing at 2.5σ

Results are compatible in a region where 
maximal mixing is excluded!
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P (⌫µ ! ⌫e)
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T2K
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NH  sin2θ23=0.528  sin2θ13=0.085 (Reactor)

Obs. δCP=-π/2 δCP=0 δCP =π/2 δCP =π

e
32. 27.0 22.7 18.5 22.7

ῡe 4. 6.0 6.9 7.7 6.8

Without any analysis: 
• δCP=-π/2 is preferred by neutrinos and antineutrinos. 
• Neutrinos has 5 more than expected @ δCP=-π/2 
• Antineutrinos has 2 less than expected @ δCP=-π/2 
• Result will be at the edge of T2K sensitivity. 
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T2K
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Nova
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33

Slight preference for -π/2 and NH. 
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Conclusions I
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= ?

Too early to say: 
Consistent results from Nova and T2K

Wait for Nova anti-neutrinos.
Sensitivity is still low: combining results is a must!

But, if CP is maximal Nova and T2K will be able to say something in few years.   
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Conclusions II
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Combination of Nova and T2K points to non-maximal mixing. 
 More data needed. 

Which is the octant ? θ23 < 45º or θ23 > 45º
Impact on the determination of δCP

Is the θ23 mixing maximal ?

No mixing Maximal mixing


