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• A SM‐like Higgs boson (ATLAS, CMS)
The key to EWSB and a possible window to the BSM world

• θ13 ~ 10
o (T2K, MINOS, Daya Bay, RENO)

about as large as it could have been !
The door to CP Violation in the leptonic sector

2012 One major discovery in particle physics
two
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Neutrino oscillations

Three-neutrino oscillations

Neutrino mixing matrix



06/10/2023

3



06/10/2023

4

Anomalies

Need extra states !!!

MiniBooNE
MiniBooNE was built to check the LSND results with a different 
baseline, but similar L/E

MiniBooNE has no near detector

MiniBooNE sees an excess 
at ~5σ at low energies
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MicroBooNE

MicroBooNE was built to check the MiniBooNE 
results!

Looking for signals using several final state 
channels

The collaboration did not perform an oscillation 
analysis

A combined analysis shows that MicroBooNE can 
not exclude the region of parameter space 
preferred by MiniBooNE

2201.01724

The Gallium Anomaly
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The Gallium anomaly
BEST coll., 2109.11482

The Gallium anomaly is now at more than 5σ significance
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  fPflPG RLLF ,22 


 

Non standard neutrino interactions

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

W

NSNI
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We are left  “only” with neutral current NSNI

  fPfPG RLLF ,22 


 

CPT violation
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CPT tests
CPT invariance tested in 
several matter-antimatter 
systems:

neutral kaons

electron/positron

proton/antiproton

H/anti-H

E. Widmann, arXiv:2111.04056 [hep-ex]Several experiments at the Antiproton 
Decelerator and ELENA(Extra Low Energy
Antiproton) @CERN
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Current bounds
• We can use data of various experiments to 

calculate the neutrino and antineutrino 
oscillation parameters:
– Solar neutrino data:
– Neutrino mode in LBL:
– KamLAND data:
– SBL reactors:
– Antineutrino mode in LBL:

• No bounds on CP-phases since all values are 
allowed

Current bounds
• We use the same data (except atmospheric 

neutrinos) as for the global fit  to obtain

G.B., C. Ternes and M. Tortola, 2005.05975, JHEP2020
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T2K results, a hint ?
• T2K studied neutrino and anti-neutrino 

oscillations separated

• Results are consistent with 
• CPT-conservation

• In experiments and in fits normally you
assume CPT-conservation

• If CPT is not conserved this leads to
impostor (fake) solutions in the fits

• To perform the standard fit you would 
calculate

and then minimize this function
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Obtaining impostor solutions
• This was done for

Combined best fit 
value is now

Real true values 
are disfavored at 
close to 3σ and 
more 5σ 
confidence levels
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This can also happen

G.B., C. Ternes and M. Tortola, JHEP 07 (2020) 155

δ = ቊπ/2
0

and   𝛿̅ =ቊ 0
π/2

θ13 ≠ θ13 can account for different behavior in neutrino 
and antineutrino channels

all values of δ and δ 
remain allowed at ~ 1σ
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The increasing precision in neutrino oscillation
measurements requires a thorough analysis of
the assumptions considered.

Distinguishing CPT violation from NSNI

The muon neutrino survival probability in matter can be written as 

in matter

G.B., C. Ternes and M. Tortola, Eur.Phys.J.C 79 (2019) 5, 390
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Violations of Lorentz invariance

standard Lorentz 
covariant  term

violates both CPT and 
Lorentz invariance

Lorentz violation

Extraordinary claims requires extraordinary evidence

Conclusions: Neutrino physics will continue delivering results

• Majorana vs Dirac

• Sterile neutrinos

• Hierarchy

• CP violation in oscillations

precision caution
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