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MOMENTS

In the simplest extension of the Standard Model with
three massive neutrinos:
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Credit: Giunti et al. (2024), arXiv:2411.03122 [1]
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BOUNDS ON MDM:

The most stringent experimental
constraint on the electron 11
neutrino magnetic moment is ty, <2.9x10""" up at 90% C.L.

- provided by the GEMMA
collaboration [2]: -

Fof muon neutrinos, accelerator- - ' —10
j - 8 x1 t L.
based measurements from LSND~ H% < 6.8 x 107" up at 90% C

give [3]:

While the best limits for tau _ o
neutrinos are [4]: py, < (4—5)x 107" up at 90% C. L.

Additional cosmological B
constraints arise from BBN and < O(10-12
Neff [5] | My S ( )UB

Astrophysical systems also place

stringent constraints on p. Te

date, the strongest bounds have pu, <6 X 10_12,u3
been derived from jan. '
cooling arguments [6, 7]:
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I_Extreme condltlons in the
PNS core

Neutrinos dominate the

cooling of the proto-neutron

star over a timescale of
Labout 10 seconds

| Abou’rc |

~ gravitational binding energy
is released as neutrinos J|

h*’ﬂ

Enormous neutrino f|m
with total released energy

E, ~ 3 x 10 erg

99% of the

MAXIMIZATION OF THE IMPACT OF
POSSIBLE NON-STANDARD NEUTRINO
INTERACTIONS |

et AT ..
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THE COOLING BOUND
¥

If neutrinos have a non-vanishing
magnetic dipole moment

R
L= EuyﬂaaﬂvFo‘B ,

neutrino-sphere

~ 10 — 20 MeV 148

from neutrino — sphere
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THE COOLING BOUND
| \

\

If neutrinos have a non-vanishing
magnetic dipole moment

1
L = E,u,,,ﬂaaﬂl/Fo‘B :

| left-handed (anti)neutrinos can turn
into sterile, right-handed states
through the process

| VL-I-Z?—H/R-FP
i 10—20 \Y I\ 148

from neutrino — sphere

neutrino-sphere
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THE COOLING BOUND

If neutrinos have a non-vanishing
magnetic dipole moment

R
L= EuyﬂaaﬂyFo‘B ,

left-handed (anti)neutrinos can turn
into sterile, right-handed states
through the process

vV, +pP —>VR+D I
~ 10 =20 MeV 1y, ' |

from neutrino — sphere

¥

neutrino-sphere

-~ 100 MeV VR
fr(-)m PNS ‘
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THE COOLING BOUND

- In the PNS: : |
' | 2 4E3 #
o= a(Zuy,)” In|1+

neutrino-sphere

k2

S

V_Ve impose the condition:

BT e A R Rl ol B

~ 10 — 20 MeV 148

from neutrino — sphere

-~ 100 MeV VR
frbm PNS ‘
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THE COOLING BOUND

- Using the previous considerations, it is possible to derive a
- first estimate of the upper bound on the neutrlno magnetic
- dipole moment

<

1y, <3.04 x 10 2pup

By using Garching 1D rodel SFHo-18.8 (cold model):
e |Internal temperature: T ~ 40 MeV
e |nitial chemical potential for electron neutrinos in the
center: u~ 150 MeV,
e Radial extent of the lepton core: R ~10-20 km
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e Direct probe of
neutrino emission
from supernova

e Possibility to study the
duration, luminosity
and energy spectrum

- of the burst

¢ Possibility to constrain
new physics

Credit: Anglo-Australian Observator

Large Magellanic Cloud
23 February 1987
Type Il supernova, previously a blue
supergiant known as Sanduleak -69° 202
Gravitational collapse,: core-collapse
supernova explosion, intense neutrino burst
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HELICITY REFLIP IN THE
GALACTIC MAGNETIC FIELD

The probability for a neutrino
mass eigenstate to flip its

helicity is:
/ ds B (s)
D

Integrating this magnetic field _
over the luminosity distance D:

P, = |l

2
—2 Hi
: 10—13
. : MU B . _
B, ~ /,LG ; - ' Distance from Earth, s [kpc]
D ~ 0] kpC ' . Credit: Fiorillo et al. (2026), arXiv:2509.13322
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EXPECTED DETECTIONS

The fluence at Earth is:

b — NT/ With.N,,nurhber.of
v 47TD2 . re-flipped neutrinos
At the typical energies of However,
supernova neutrinos, the , the interaction rate in
primary detection channel water becomes dominated by .
is Inverse Beta Decay of charged-current (CC)
electron antineutrinos on reactions on oxygen nuclei.
hydrogen nuclei. For electron neutrinos and
antineutrinos, these channels
follow:

v, +190 e +1F* and p, +19 _O — e FION*
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EXPECTED DETECTIONS

The cross-section in the energy range of interest can be
expressed as: '

o~ gE?, with & ~ 104 cm?/MeV?

We are interested in the - - produced by

the interaction of these highly-energetic neutrlnos
This can be estimated as

N,- ~ gN,®,

N, = 4.5 %, 10°* fiducial protons
N, =N, /2 oxygen nuclei .
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Since no event with energies
| | was observed in IMB and
Kamiokande Il at the time of neutrino arrival,
we can place new, more stringent constraints
on the values of the magnetic moments of
neutrinos
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EVENT COUNTING
BOUND

~Given the null detection by IMB, we set an upper bound-
on Ly imposing that. -

N (1) < 2.996
From this procedure we derive the f.ollowi_ng_upper limits:
e $35x10 Bup  pe <0.80 x 10 2up
o S1.04 % 10 2up ppn < 0.84 x 107y

brr <094 10 2 up  prr <1.08 x 10 Hpup
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EVENT COUNTING
BOUND

~Given the null detection by IMB, we set an upper bound-
on Ly imposing that. -

N (1) < 2.996
From this procedure we derive the f.ollowi_ng_upper limits:
e $3.5x10 Bup sz <0.80 x 1072 pup
o S1.04 % 10 2up ppn < 0.84 x 107y

brr <094 10 2 up  prr <1.08 x 10 Hpup

" R. Barbieri, R.N. Mohapatra [8] py, S (0.1 —1) %10~ 125
D. Notzold [9]: p,, S 1.5 X 107! _,u,B_
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CONCLUSIONS

e Our bounds overcome

e All the neutrino magnetic moments considered are ifnprove_d,
leading to more stringent bounds with respect to the previous
limits. : ' | :

e CCSNe provide a : to constrain new physics
beyond the SM, hopefully giving us new hints about the nature
of neutrinos themselves and their electromagnetic properties.

e A new CCSN explosion would provide an extremely interesting
probe of new physics, offering information about neutrino
interactions and their role in both particle physics and
astrophysics.
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