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M. Raschke Motivation

What is quantum gravity decoherence?

* Neutrino flavour eigenstate is a coherent mixture of mass eigenstates: |v,) = .. U,;|v;)

¢ For a neutrino quantum system, there are two phenomena reducing the coherence:

Wave-packet decoherence Environment-induced decoherence

— Decoherence describes the loss of coherence
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What is quantum gravity decoherence?

* Neutrino flavour eigenstate is a coherent mixture of mass eigenstates: |v,) = .. U,;|v;)

¢ For a neutrino quantum system, there are two phenomena reducing the coherence:

Wave-packet decoherence Environment-induced decoherence

— Decoherence describes the loss of coherence

¢ Quantum Gravity (QG): spacetime itself could be subject to quantum fluctuations —
spacetime foam

® Neutrinos interact with gravitational degrees of freedom — QG decoherence!
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Building a model for QG decoherence

® Open quantum system approach: Lindblad formalism

0
a—’t’ = —i[H, p] + D(p)

® Assumptions / model-building choices:
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QG maximally violates global quantum numbers

. QG conserves unbroken gauge charges

. QG conserves the direction of propagation, spin, and angular momentum

QG conserves the total probability of the system

. We assume the existence of new fermions that share the same quantum numbers as

neutrinos under the unbroken SM gauge group (n; = total number of fermions).

Simplicity
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Building a model for QG decoherence

® The model is fully described by: [Hellmann, Pis, Rani, 2022]
.
H = H ,uum (+ Hmagter) with H,ooum = ﬁdlag (0, Am3,, ..., Amifl)
ntz.—l
Dog(p) = Y. ((Doe)ijo;) 4 with  Dog = diag (0.T,....T)
i,j=0
E n
I'(E) = —
(E) = 1o < E0>
® Determine altered neutrino oscillation probability:
solve Lindblad equation N determine osc. prob. N model fully encoded in
p(0) = p(L) Py =Tr(pgo(L)) P,,(E., L)



https://arxiv.org/abs/2208.11754
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[Domi, Eberl, Hellmann, Krieg, Pas, 2025]
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https://arxiv.org/abs/2409.12633

M. Raschke Data Analysis

Analysing the SN1987A data

® QOur data analysis is close to [Ternes, Pagliaroli, Villante, 2025]

Compute Likelihood
g(}/o, Etop <Ev>)

l

Determine best-fit, i.e. minimise y*> = —21n (Z(os Es (EL)))

w.r.t. the parameters y, E, (E,) = x>

min

Profile out the parameters E,, (E, ), i.e. minimise y* = —21n (& (ygx, Ei. (E,))

2
w.rt. E, <Ev> = xproﬁle



https://arxiv.org/abs/2503.04573
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Analysing the SN1987A data

Profile out the parameters E,, (E, ), i.e. minimise y*> = —21n (Q(ygx, Ei. (E,))

2
wr.t. B, (Ev> = Xproﬁle

l

Plot A y%(y,) against y,, where

2 _ 2 2
Ax (J/O) - Xproﬁle ~ Zmin

® SN1987A neutrino events were measured by Kamiokande-II, Baksan, and
Irvine—Michigan—Brookhaven experiment
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PRELIMINARY
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Outlook

Different power law dependencies

Time dependent analysis of the data [Ternes, Pagliaroli, Villante, 2025]

e Matter effects?

Inverse neutrino mass ordering?

Neutrino flux from supernova simulations?

Sensitivity tests of future detectors?


https://arxiv.org/abs/2503.04573
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Takeaway messages

® Spacetime fluctuations may act as an
environment for propagating neutrinos,
thus, inducing decoherence.

e [f dark fermion species being singlets

w.r.t the unbroken SM gauge group exist, .

this could induce transitions between
neutrinos and these dark fermions.

® Analysing the SN1987A neutrino data,
we find a statistically non-significant, but
still interesting, preference for our model.
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Formulae
o 42 definition: y% = -2 Zd:KJ’B In (Zd)

® Eventrate: R(E,) = NPO';ep(EV)F;e(EV)n(Ee)

- 2 _U+aE,
1L Eg (o (B, \T TRy
4zD? (E;)) Tll+a] \ (Ey,)

Time integrated neutrino flux: F_SN(EV) =
Ve

Time integrated neutrino flux at the detector: FSECC(EV) =(Pe+P,+P,) F;SQN(EV)

Likelihood: Z, = ¢™R[ [/ R(E,)G(E,. EdE,)

_E\2
Smearing function: G(E,, E;) = \/2—15E exp <_(E;5;52,) >
o E; i

[Ternes, Pagliaroli, Villante, 2025]


https://arxiv.org/abs/2503.04573
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Event Rates and Detector Efficiencies
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Inverse Beta Decay Cross Section
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Data

[Ternes, Pagliaroli, Villante, 2025]
TABLE 1II.  The Baskan data set. No information on the angle was provided and it is assumed to be 90° for all

events. TABLE Il The Kamiokande-II data set. For the TI data analysis only the data indicated with a * are considered,
while in the TD analysis we include the entire data set. Energies are given in MeV and times are relative times with

o Ei + OE; 0i £ 80, Bi respect to the bounce in seconds.
0.0 120=24 90 =0 8.4%10°
0.435 179236 900 13x 10 O Ei 1 OF; 9; = % Bi
1710 47 90=0 12x107  0.0' 200429 18+ 18 1.0 % 1075
7.687 =3, 90+0 13% 107 0107 135432 40+27 54% 10
9.09 203 +4.1 9040 13% 107 0303 75+20 108 32 30% 102
0.324° 92427 70+30 8.5% 107
0.507° 128429 135+23 53% 10
TABLE IV. The IMB data set. The is assumed 10 be negligibl 0.636 63417 0877 71107
1.541° 354480 32416 5.0% 106
ot E, + 5, 0, £ 60, B, 1728 210442 30418 10% 107
o P pr— o 1915 19832 38422 10% 107
0412 30470 dAL1s 0 9219 8.6+27 12230 1.8% 102
0.650 280 £ 60 56220 0 10433 13.0+26 49£26 40% 10
1141 390470 654 20 0 12439 89+ 1.9 91+39 14x 107
1,562 360490 Bils 0 17641 65+16 103 + 50 72% 10
2.684 36.0 + 6.0 52410 0 20257 54414 110 £ 50 52x 1072
5010 190 £5.0 42+20 0 21355 46413 120 £ 50 1810
5.582 220450 105 4 20 0 23814 65+16 112 £ 50 7.3 % 10
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More Technicalities..
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More Technicalities...
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