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QG-induced fundamental decoherence

Several QG models lead to decoherence mechanisms [A. Bassi et al, Class.
Quant. Grav. 34, 193002 (2017)].

acetime-induced decoherence from neutrino oscillatio:
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QG-induced fundamental decoherence

Several QG models lead to decoherence mechanisms [A. Bassi et al, Class.
Quant. Grav. 34, 193002 (2017)].
Fundamental decoherence: no interaction with an environment.

@ Damping factor in oscillation
Decoherence modifies neutrino os- probability

cillations . )
@ Quenching of neutrino fluxes
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Several QG models lead to decoherence mechanisms [A. Bassi et al, Class.
Quant. Grav. 34, 193002 (2017)].
Fundamental decoherence: no interaction with an environment.

@ Damping factor in oscillation
Decoherence modifies neutrino os- probability

cillations . .
0 Quenching-ofneutrino-fluxes
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The mathematical framework

Oscillation probability

States
) = Ul @) = DU [ Epup)p) ol @)

Probability given by

P(B — wt) = Te{p() [l }, p(0) = [vp)vg] @
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The mathematical framework

Oscillation probability

States
) = Ul @) = DU [ Epup)p) ol @)

Probability given by

P(B — a;t) = Tr{p(t) [va)(val} , p(0) = [vpXvg] )

9 = —i[H, p] — 9ip = £[p] ®)

Standard QM Decoherence

0= LUy [ @ gu(p)y; (ge O H@L 00 pg o Ju)y| @
L]
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The mathematical framework

Oscillation Probability

Assumptions: one-dimensional reduction, wave-packets peaked
around mean momenta p;, only retain up to first order in Am? terms.

2 [F® N
PoG (B — ;L) Zuﬁluﬁ]u* U, e’ l]v /700 dpe”"(l rij)L

8ij

) 1] <P+Pu7’z/P+P1—U AEz]rL>

(5)

Gij(p,rij p + AE;j/vg))e
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The mathematical framework

Oscillation Probability

Assumptions: one-dimensional reduction, wave-packets peaked
around mean momenta p;, only retain up to first order in Am? terms.

s /+°° dp eP(1-ri)l

2
Poc(B — a;L) Zuﬁluﬁju* U, e'Pi .

8ij
ij\ pHpiTijpt+p; _U AEI rL>
Gij(p,rij p + AE;j/vg; e ]< Y ! ®)
Amiz.
Dij(p,a; L) = vg L Lij(p,q), 1ij = g, - 0., ij = — Logi
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Two flavours probability

Two flavours analysis

Propagation coherence condition Interaction coherence condition

ox
6 AE;; — 1 7
fog, O gy < 7)

ij
Probability simplifies to

Poc(B — a;L) = Y UgiUsUnUy eie D017t (®)
i
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Two flavours probability

Two flavours analysis

Propagation coherence condition Interaction coherence condition

Vg o
L < leoh = 0x il (6) AEZ.].7X <1 (7)
Avg,, Ugij
Probability simplifies to
Poc(B — a;L) = Y UgiUsUnUy eie D017t 8)

i,j

Considering two flavours oscillations, probability further simplifies
-D -D L.o
Poc(a — &) = e " Pyg(a — o) + (1 —e ) (1 — 5 sin 29) )

with Pygq(a — a) = 1 — sin® 20 sin? %
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Studied models

: . L(Am2)?
Deformation of symmetries: D = -—~——
SUgEQG p
[M. Arzano et al, Commun.Phys. 6 (2023) 1, 242].
4 2
Fluctuating minimal length: D = M
voE
25QG
[L. Petruzziello et al, Nat. Commun. 12, 1, 4449, (2021)].
2
. . . LE®(Am?
Stochastic metric fluctuations: D = (74)4
4vgEqg m;im i

[H. Breuer et al, Class. Quant. Grav. 26, 105012, (2009), VDE and G. Gubitosi, arXiv:2306.14778].
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sitivity to different regimes
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Neutrino oscillations regimes

Sensitivity to different regimes

Astrophysical neutrinos.

Solar neutrinos.

Atmospheric neutrinos.

Reactor and accelerator neutrinos.
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Astrophysical neutrinos

Sensitivity to different regimes

Standard probability damping for astrophysical neutrinos
[C. Giunti et al, Phys. Rev. D 58, 017301 (1998)].
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Sensitivity to different regimes

Astrophysical neutrinos

Standard probability damping for astrophysical neutrinos
[C. Giunti et al, Phys. Rev. D 58, 017301 (1998)].
With identical Gaussian wave-packets at production and detection

probability reads

L

P(B— &) cxe lon (10)

Oscillations are washed out by propagation over such huge distances.
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Sensitivity to different regimes

Solar neutrinos

cos ¢ rapidly oscillating. = Averaged probability is observed.
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Sensitivity to different regimes

Solar neutrinos

cos ¢ rapidly oscillating. = Averaged probability is observed.

1
(Pya(e — o)) =1— Esin229 = (Pog(a = a)) = (Pyq(a — a))
(1)
Averaged oscillations not sensitive to QG-induced decoherence.
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Neutrino oscillations regimes

Sensitivity to different regimes

Atmospheric neutrinos.

Reactor and accelerator neutrinos.
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Sensitivity to different regimes

Sensitivity to QG models

Observable effect when D 2> 1.

Deformation of symmetries:

_ L(am?)’
B SUgEQG p2

Fluctuating minimal length:

plGov]

16LE*(Am)?
D (5 m)
ngQG

Lim

Stochastic metric fluctuations:

LES(Am?)’
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Constraint from reactor neutrinos data

Py, 50,

L 1
= (KmxMeV™)
E

Data from [KamLAND coll., Phys. Rev. Lett. 101, 119904 (2008)]. L = 180 Km,

m = 1eV (conservative choice), Eqg = 10%* GeV.

Am? =753 x 1075 eV?, sin? 20 = 0.85 [PDG coll., Rev. of Part. Phys., PTEP 2022
(2022) 083CO1].
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Constraint from reactor neutrinos data

Py, 50,

L 1
= (KmxMeV™")
E

Data from [KamLAND coll., Phys. Rev. Lett. 101, 119904 (2008)]. L = 180 Km,

m = 1eV (conservative choice), Eqg = 103 GeV.

Am? =753 x 1075 eV?, sin? 20 = 0.85 [PDG coll., Rev. of Part. Phys., PTEP 2022
(2022) 083C01].

Several reactors = Focus on high energies (% <45

Km )
MeV/*
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Constraint from reactor neutrinos data

L
= (KmxMeV™")
E

QG decoherence not stronger than standard decoherence

2
(conservative choice) = Egg > E’éG DAY = X2QG — X12<L =27.
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Constraint from reactor neutrinos data

L
= (KmxMeV™")
E

QG decoherence not stronger than standard decoherence

2
(conservative choice) = Egg > E’éG DAY = X2QG — X12<L =27.

Eqc > 2.6 x 10 GeV (12)
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Constraint from atmospheric neutrinos data

Super-Kamiokande

il -
= (KmxGeV™")
E

Data from [SK, Phys. Rev. Lett. 93, 221803 (2004)]. L. = 10 Km, mpnin = 1€V (both
conservative choices), Egg = 10% GeV. Am? = 2.45 x 103 eV?,

sin? 26 = 0.99 [PDG coll., Rev. of Part. Phys., PTEP 2022 (2022) 083C01].
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Constraint from atmospheric neutrinos data

Super-Kamiokande

il -
= (KmxGeV™")
E

Data from [SK, Phys. Rev. Lett. 93, 221803 (2004)]. L. = 10 Km, mpnin = 1€V (both
conservative choices), Egg = 10% GeV. Am? = 2.45 x 103 eV?,

sin? 26 = 0.99 [PDG coll., Rev. of Part. Phys., PTEP 2022 (2022) 083C01].

Fast oscillations = Focus on high energies (% < 1000 é%‘,).
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Constraint from atmospheric neutrinos data

Super-Kamiokande

Py,

=
i

L
) = (KmxGeV™)
Toong

No significant damping from QG decoherence =
X A2 42 2 _
Egc > EQG D AxT = X0G ~ Xstd = 2.7.
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Constraint from atmospheric neutrinos data

Super-Kamiokande

e
;

\ .
, , , , N/ B mecev)
e 0 500 000

No significant damping from QG decoherence =
X A2 42 2 _
Egc > EQG D AxT = X0G ~ Xstd = 2.7.

Eqg > 2.5 x 10 GeV (13)
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@ Derived a general formalism for decoherence effects in
neutrino oscillations that can be applied to any
Lindblad-type evolution.
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@ Derived a general formalism for decoherence effects in
neutrino oscillations that can be applied to any
Lindblad-type evolution.

@ Strong constraints on the stochastic metric fluctuations
scale from long baseline reactor and atmospheric
neutrinos.
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