High energy neutrino telescopes in water and ice

and how they search for magnetic monopoles
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Detection pri

Working principle

Neutrinos interact before
or in the detector volume

Charged secondary
particles interact with the
deep clear ice / water

Emitted light is detected
by sensors
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Neutrino detectors around the World
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Neutrino detectors around the World
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https://www.nikhef.nl/en/news/four-more-new-lines-added-to-the-km3net-neutrinotelescope/

Neutrino detectors around the World
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https://www.jinr.ru/posts/2025-expedition-to-deploy-baikal-gvd-telescope-completed/
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Neutrino signatures

Characterized by reconstructed quantities: direction, energy, angular uncertainty

Precision @ IceCube
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The Neutrino Sky as seen by lceCube

ApJ 995,11 (2025) —75°
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Analyses strategies

—— Atmospheric Back ground

Astrophysical Signal
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Highlights in Neutrino Astronomy

ASTROPHYSICAL NEUTRINOS BLAZARTXS 0506+056 GLASHOW RESONANCE ACTIVE GALAXY NGC 1068 MILKY WAY KM3-230213A
DISCOVERED NEUTRINO EMISSION IDENTIFIED STANDARD MODEL CONFIRMED NEUTRINO EMISSION IDENTIFIED NEUTRINO EMISSION IDENTIFIED HIGHEST-ENERGY NEUTRINO
....... ® - - - - - .- Y X T . e R Y. e e e e e @ e e e e
2013 2018 2021 2022 2023 2025
Science 361, eaat1378 (2018); Nature 591, 220-224 Science 378, 538 (2022) Science 380, 1338 (2023) Nature 638. 376—382 (2025)

Science 342, 1242856 (2013)

Science 361, 147 (2018) (2021)

13


https://doi.org/10.1126/science.1242856
https://www.nature.com/articles/s41586-021-03256-1
https://www.nature.com/articles/s41586-021-03256-1
https://www.nature.com/articles/s41586-024-08543-1

KM3NeT, Nature ‘638 (2025) 8050

Cosmogenic neutrinos

- cosmic ray cutoff at > 1020 eV might be due to
GZK effect, giving extreme high energy neutrinos

Pcr + YoemB = At = n + 11t
= P+ vy
I_’e"'+Ve+\_/p

+ new data of IceCube + Auger constrains proton
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Galactic plane

+ 2023: First significant
detection of neutrino

A Showers : F'ermi-LrAvT e

emission from the Galactic
Plane (Science 380, 6652, 1338)
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General foreseeable developments

From detection = characterization
 flavor, directionality, energy systematics
e composition of astrophysical flux

* atmospheric neutrinos as precision tools

From single-messenger = multi-messenger
* neutrinos + GW + gamma + EM follow-up

* real-time alerts, rapid analysis pipelines

From cuts/fits/drawing board — Al
* anomaly detection
» detector-aware generative models

* Al detector design



Versatility of Neutrino Telescopes

Combined published results across IceCube, KM3NeT, Baikal-GVD and ANTARES

Oscillations & Diffuse flux &
particle physics point sources
Tau appearance, Glashow resonance, Discovery (2013) through TXS 05064056,
oscillation & cross-section measurements NGC 1068, KM3-230213A

galactic ridge excess

Dark matter Exotics / BSM Earth sciences
(indirect)
Sun, Earth, Galactic Center, Magnetic monopole and Ice tomography & glaciology;

dwarf galaxies nuclearite flux limits bioluminescence & water monitoring @ produced with Claude 1 7



From neutrinos to exotic particles

- large volume -> large sensitivity N E(q,T > 0)
- direct detection “only” needs oA
light emission

- extremely heavy would be slow

Magnetic monopole
(< 0.1 C) - single magnetic charge

e | PR, , - well motivated as its
ight emission process might be o s tod 10

Shadow charge
DM candidate
doesn’t respond to EM

: . . fields but is electrically
exotic, too quantized electric | charged
charge nodel Lumine- follows geodesics
L $ :o LK B dependent! Proton scence
badiy 8‘0 :;:3 ): ‘3"3 d
[T ?3 ; 0 s ecay
ISy 25 § §’§,z,i*? ¢ Thermal
E} °fi %,'¢3§§f shock
RS § 8 § s Q-balls
\g | | a3 ' ga f"3‘ Nuclearites | +  predicted by super-
it 2 fgészw stable states in SM! symmetry
| Y 1 i? e ; equal amounts of u-, d-, ’ coherent states of
Noise LIRS s-quarks s-quarks & \ squar!(s, slgptons and
omitted ) 4 * with Noise produced after BB or as Cds s-leptons , undhry the Higgs field
lumps of neutron stars ~ electrons quarks layer .« charged or neutral
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Versatility of light emission channels

Luminescence light emission

Phys. Rev. Lett., 52 (1937)
Dokl. Akad. Nauk SSSR 2 (1934)

. ® ®
particle o .
®
: first mention in
N tane LB | Chem.Phys. 20, 1654 (1952)
matter © Proton scence
decay :
Proton decay KKST: Phys.Rev.Lett.80 (1998)
Thermal Rubakov-Callan:Nucl. Phys. B 202 (1983)
shock Progr. in Phys. 51 (1988)
- suggested In
Monopole e Nature 312 (1984) 734-737
Nucl.Phys.A 434 (1985) 605C
u
d
p( : R d() 10
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Versatility of light emission channels
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Nature 312 (1984) 734-737
Nucl.Phys.A 434 (1985) 605C

Phys. Rev. Lett., 52 (1937)
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_ first mention in
SN | Chem.Phys. 20, 1654 (1952)

scence

KKST: Phys.Rev.Let
Rubakov-Callan:Nut

Progr. in Phys. 51 (1



mailto:anna.obertacke@fysik.su.se

Inv :
at
ing luminesce
nce -
of IC
e

0 | 4
————————————————————
.y
.
M

“s
Cidaad
am
YTy
-y
v

-------------------------------------------------------------------------------------------------------

™ SOV Pise e Bivaavene
° S e .
*2 W
. oy - resssanserrrr

» 0.~".‘ -
» e . . " PPV YTY Y

ciecestserece '

e
seeee
e .

L
. e 5 800 »
-h Ty
p——
PRSI -
..

_ZL-L".'.'.'.":.""""““ ver
. anen '“'.":.

doi:1
0.22323/1.395.1093



~Investigating luminescence of ice
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Magnetic Monopole Flux Limits

Ambrosio et al., Eur. Phys. J. C25 (2002) 511

Albert et al., JHEAp 50, 100500 (2026)

Antipin et al., Astropart. Phys. 29 (2008) 366
Balestra et al., Eur. Phys. J. C 55 (2008) 57

Hogan et al., Phys. Rev. D 78, 075031 (2008)

Phys. Rev. D 83, 023513 (2011)

Pierre Auger Coll., Phys. Rev. D 94, 082002 (2016)
Turner, Parker, Bogdan, Phys. Rev. D26 (1982) 1296
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Magnetic Monopole Flux Limits
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Investigation of the KM3NeT event
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Summary

- new analyses transition from detecting sources of high-energy neutrinos to measuring
detailed properties of their tluxes

+ a lot of momentum in increasing detector volumes and refining technology

- leading sensitivities for exotic physics ofter significant discovery potential
lceCube’s “slow particle” analysis will unblind soon

KM3NeT, Nature 638 (2025) 8050

+gaps in astrophysical searches for magnetic monopoles ana
unusual events motivate new detector ideas

" - credit: KM3NeT



