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and how to leverage it for BSM

An UHE event
at KM3Ne'l



A neutrino with the highest energy ever measured

They measured a muon with energy a muon neutrino with energy

interpretable as

E, = 12074° PeV - E, = 110—790 PeV

The Earth-skimming direction is consistent with it.

68%)

KM3NeT Collaboration, Nature 638 (2025) 8050, 376-382
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KM3NeT has surpassed the LHC energy threshold

The collision of a neutrino with energy

E,=110—-790 PeV

with a proton at rest, implies a center-of-momentum energy

Eeom = \/2E,m, = 14 — 39 TeV

If this neutrino belonged to the cosmogenic diffuse flux,
we could be close to more and more events!
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BSM deviations
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Better angular resolution, better 0,5 constraint

Upgoing Horizontal Downgoing  Angular resolution is essential to

o = 1005M measure the column depth.
Sub-degree resolution is needed to
reach 10% precision w/100 events.

KM3NeT

Esteban, Prohera, Beacom; 2205.09763

Subdominant
effects

non-negligible
for A0 =1°

Probability

o/osm

80 100 120 140 160 180
Zenith angle (deg.) N,




KM}NCT Center-of-momentum energy, /s (TeV)

1 10 100
—-30 . T T R : T , R T R
measurement L | 7 e
1 = SM prediction £1lo '95% CL i
While ConStraining - . Extra dimensions (M > 7 TeV) i // .:
—31 — = EW sphalerons (Ey,, =9 TeV, pyn = 1) ! I Ve e
. k — 10 3 === Black holes (Mp =5 TeV, n = 6) ! // :.
power IS Wea ) a NE Ny — = Leptoquark (Mg = 500 GeV) : / & /’.f
N P = e L saturation i Y/ PPt
single measurement & 1 % Nt
Z 1032 - o
has enough for a 1077 5 -
10 measurement. = i
2 IceCube i
. & ]_ —33 — i
KM3NeT alone is not % 10 : ;
. 7 :
competitive at all S ;
. @) i
with LHC bounds. 159 = KM3NeT
O
=}
10_35 T T T T :I

1072 1071 1 10 102 103 10
Neutrino energy, E, (PeV)



The future:
IceCube-Gen2
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The future:
IceCube-Gen2z

However, for the
measurement to be
competitive with the
LHC, O(100) events
are needed.
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~ Want to learn more?

Take a look at 2510.21929:

Arguelles, TBM, Burgos,
Burns, Lopez-Pavon, Salvado.
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Based on 2506.08993, with J. Terol-Calvo, G. Herrera,

and P. Martinez-Miravé.



Dark Matter halo

. .
L
L 2

Earth y ODM— V.

eyt oot

::; O-DM_V W
. . ODM—v
v Extragalactic
o >
L e o b source
Milky Way o
L L
. L .
L . .
- . If neutrinos scatter-off DM, they will
- +
e e . . get exponentially attenuated.
. +

+  However, at least one neutrino
has reached KM3NeT.



Known direction, known DM column density

The neutrino has crossed the MW halo, of which we know its column density.

The flux is exponentially
attenuated
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KM}NCT It is the measurement of the cross section at the highest energy.
measurement Whether it is the most competitive is a model-dependent question.
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Cosmogenic neutrinos are a guaranteed source of UHE collisions.
Bounds mostly independent of the flux normalization are possible.

1 event gives a constraint on the neutrino-nucleus cross section,
you need O(100) to get a competitive measurement.

1 event already constrains neutrino portals to the dark sector,

at energies otherwise unreachable.
Thanks!
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KM3NeT is in tension with IceCube
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The necessary (constant and isotropic) flux to explain the KM3NeT event is
in a 2.50 to 3.80 tension with the non-observation of IceCube.



Constraining BSM particles at KM3NeT

Adding a branching ratio to the decay of the secondary particle
is a natural extension of our model-independent BSM.

How can KM3NeT constrain these models?

Muon loses
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Preferred region in a BSM
scenario for the KM3NeT
event

Tension still remains

Joint fit Framework Tension

ANITA-IV + IceCube SM, diffuse flux [42] > 30

BSM, diffuse flux [26] ~0.1lc

SM, diffuse flux [1, 9-11] 2.5-3.50
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The ingredients

¢ X1 e APX1X1
X2 H 9X_27MX1X,LL
mg ~ EeV mi1 < mo

Extremely massive Two heavy Dark boson w/kinetic Only a Yukawa coupling
Dark Matter neutral fermions mixing to the photon and a portal to the SM

Mongillo et al. - 2302.05414

1 Abdullahi et al. - 2302.05410
The reci pe Kolb, Long - 1708.04293

...and many more!

Cosmological Interaction with a Semi-visible
decay nucleus decay
¢ * . X1 : XQ : - X1 +shower
APX1X1 gy xa Xy gx27" x1 X,
mi1 < mso




