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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
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T2K results, a hint ?
• T2K studied neutrino and anti-neutrino 

oscillations separated

• Results are consistent with 
• CPT-conservation

DUNE about T2K
If these values turn out to be the true values, DUNE would 
measure CPT-violation at more than 3σ confidence level

ArXiv:1712.01714
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• 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

This can also happen

G.B., C. Ternes and M. Tortola, JHEP 07 (2020) 155
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θ13 ≠ θ13 can account for different behavior in neutrino and 
antineutrino channels

all values of δ and δ 
remain allowed at ~ 1σ

The increasing precision in neutrino oscillation
measurements requires a thorough analysis of
the assumptions considered.
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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

Violations of Lorentz invariance

standard 
Lorentz 
covariant term

violates both CPT and 
Lorentz invariance

Lorentz violation
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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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Riess et al, APJ’18

Planck
TTTEEE+lowT+lowE+lensing

+ BAO

+ BAO + SNIa

+ BAO + SNIa + H0=73.45 ±1.66 km/s/Mpc

Σmν Planck Coll. A&A’20

+ SDSS-IV (BAO + RSD) + SNIa

eBOSS Coll. PRD’21
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Type I see-saw mechanism Type II see-saw mechanism
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Naturalness may be over rated …

Does this look natural ??

næbdyr 
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 How we can find out ?
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SM double weak process




4 body decay: continuos 
spectrum for the e 

energy sum
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4 body decay: continuos 
spectrum for the e 

energy sum
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Only allowed for Majorana 

2 body decay:  e energy 
sum is a delta

i is emitted ( RH + O(mi/E) LH )

Amp[i contribution]   ~  mi

x

p

n

n

e

e


effective mass
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NEUTRINOS AGE WELL

sin2(213) =  0.089  0.011
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