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Standard \Neutrin@scillation
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Standard \Neutrin@scillation
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Threeflavor neutrinocoscilation
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Decoherencaen neutrine oscillation
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logarithmic scale

Quantumdecoherence
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Quantumdecohereneeneutrino system

Environment

Interaction

H=Hgs+ Hg + Hj

. S = System E = Environment [ = Interaction

PSE (t) — U(tv 0) (pS(O) ® /OE) UT (ta 0)

Total unitary evolution of the system plus environment

PS (t) — TrE[U(ta 0) (pS(O) & pE) UT (tv 0)]

Non-unitary reduced dynamics of the system after tracing

Neutrino

Under the weak coupling limit conditions we can get:
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LS : Lamb shift
The weak coupling limit typical regime considered in neutrinos



Quantumdecohereneeneutrino system

Lindblad Master equation
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Quantumdecohereneeneutrino system

In neutrino applications an extra condition is added
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Quantumdecohereneeneutrino system
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Quantumdecohereneeneutrino system

M,,, in the two-neutrino system
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CPTaand Csymmetriesand meutrinooscillations
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CPviolation-Non Diagonal Becoherence Matrix
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Quantumdecoherencand CP Violation

Decoherence Matrix
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CPlviolation symmetry
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CPIviolation symmetry
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Revealing
Majorana phases



QuantumDecoherencand MajoranaPhases

Majorana condition
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QuantumDecoherence -and:Majorana-phase

Then we have:
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the Majorana phase can be revealed
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measurements



QuantumiDRecoherenc®UNE sensitivities

DUNE projected sensitivities for Quantum Decoherence
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QuantumDRecoherence T2HKaand DUNE

Distorsion in the extraction of oscillation Feature DUNE (USA) T2HK (Japan)

parameters at T2HK and DUNE Fiducial mass 40 kton (LAr) 374 kton (Water)
Baseline length 1,300 km 295 km
Mean energy ~ 2.5-3.0 GeV ~ 0.6 GeV

Decoherence matrix [) — —Dlag (F7 5F/37 F7 F’ 5F/3’ F, 5F/3, F)

0.05:DUNE  TDpe=15x1002GeV:  True=46X1027GeV:  Type=7.6x1072 GeV-
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e Measurement of SO parameters mostly unaffected
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! G.Barenboim, A.M. Calataysdlr RSY At t I a % !
e Large distortions could be expected at DUNE. PLB 852, 138626 (2024)



QuantumiRecoherence T2HK and DUNE

Distorsion in the extraction of oscillation
parameters at T2HK and DUNE

Decoherence matrix D — —Dlag (F’ 5F/3’ F’ F’ 5F/3’ F’ 5F/3, F)

0.05[ DUNE Teue = 1.5x1072* GeV ' Trrue = 4.6x1072* GeV | Trrue = 7.6x10721 GeV-
Sp'® = 270° i I ]

1 19) -

w20 .20 b I ]
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sin291 3
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e Measurement of SO parameters mostly unaffected
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Openquestions
(from the perspective of heutrinorapplications)

A = A;r- = unital dynamics = AS > 0

with S(p) = —Tr[plnp] >0

measures the degree of mixedness

unital dynamics stationary state (maximal entropy)
1 I
p(0)=T—p(t)=1=LI) =0 ﬂPya%B:;EpZE
. (a,B=e,p,7
where P = K’( ) n =3 asymptotic behavior

Liouvillian Superoperator

Question: Is there a physical scenario that motivates to relax the condition

A; = Al?



Openquestions
(from the perspective of heutrinorapplications)

D) _ i o(t)] + Dp(t)

A natural hypothesis is that the same
system-environment interaction gener-
ates both the off-diagonal coherent term
and the decoherence parameters.

dt
, A e
A= Herr = ()\e_mb —A)

A modifies both the oscillation amplitudes and frequencies

Dd. I NBy o6 2 A YPRD {IR, 095@05 @0R24) D =
In the weak-coupling limit, one obtains a Lamb-

shift contribution: .
Hog = Hgtqoosc + His with [Hstd—osm HLS] =0

Corrects the oscillation frequencies

Question: Is there any physical scenario in which the system-environment
interaction generates a non-diagonal coherent term while the evolution remains
completely positive and trace preserving?



Openquestions
(from the perspective of heutrinorapplications)

d <Hstd—osc>
dt

= —1'Tr (Hgtd-osc | Hett, p(t)]) + Tr (Hsta-0scP|p(t)])

d Hs ~0SC
< C;;l > =0 ‘ [Hstd—OSCaHeff] — Ov ZDzkhz =0

Energy conservation of the system For instance, D33 = 0 only in the two-generation case

and in the mass basis, assuming known how the deco-
herence is written in this basis.

Question: Which physical environments justify non-conservation of the
neutrino subsystem energy?

Pure decoherence: no energy exchange with the environment

Dissipative dynamics: energy exchange with environment.



Conclusions

Open-system effects are not simply damping factors: the non-
trivial structure of the dissipator can encode novel physical effects beyond
dephasing or dissipation.

CP/CPT symmetry violation and Majorana phases: Non-diagonal
terms in the decoherence matrix can generate CP- and CPT-violating
contributions to the oscillation probability, and may also make Majorana
CP phases observable.

Distortion in the oscillation-parameter measurements: Open-system
effects may distort the extraction of standard oscillation parameters, mak-
ing decoherence a cause of misleading future precision measurements.

Open questions: Identify physical scenarios in which standard assump-
tions of open neutrino dynamics can be challenged or relaxed.
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