


Quick science behind
UHE Neutrinos



UHE (Ultra-High Energy) = Energy > 10" eV

We think UHE Neutrinos come from
two potential sources:




Astrophysical Sources

UHECR
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We have models for what neutrino flux we expect
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Neutrinos observed up to 220 PeV

IceCube
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At higher energies we just set upper limits

IceCube
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Future detectors are going to probe flux models

Diffuse Flux, 1:1:1 Flavor Ratio
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Cosmogenic: UHECR constraints, van Vliet et al
Cosmogenic: UHECR + pure proton, Muzio et al
Astrophysical: MMA constraints, clusters, TDEs
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How do we observe
UHE Neutrinos?



Askaryan Radiation Reveals UHE Neutrino Interactions
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Askaryan Radiation Reveals UHE Neutrino Interactions

Askaryan
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Askaryan Radiation Reveals UHE Neutrino Interactions

Deep

Askaryan
Radiation

/veutl"/'n 3 \‘ side view forward view
oy ) PN

E-field polarization E-field polarization

1. RNO-G

P Radio Neutrino observatory - Greenland




What's the landscape
of UHE neutrino
observatories?



Observing UHE Neutrinos with the 3 Elements




Observing UHE Neutrinos with the 3 Elements

Earth Ice The Moon




Observing UHE Neutrinos with the 3 Elements

Earth Ice The Moon

Experiments

Methods







M
BEACON

ARIANNA

* Antenna optimized tor horizontal showers
* Bow-tie design, 3 perpendicular arms

* Frequency range: 50-200 MHz

« Inter-antenna spacing: 1km

TAMBO

TAROGE




Observing UHE Neutrinos with the 3 Elements

Earth Ice The Moon

ARIANNA, BEACON,

Experiments | 14\Bo, TAROGE, GRAND

Looking for Earth-skimming
Methods UHE Tau Neutrinos in
mountains or Earth’s crust




interferometric Not to scale,
payload angles don't
-, reflect reality
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Balloon Detectors

ANITA

PUEO





https://docs.google.com/file/d/1xQy3AgJ1xrkWF-SMmBXDq-Ivessi-f3m/preview
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Power and @ Al-Ad @ A5, includes phased
Central communications array trigger

Station to ICL
Phased Array Electronics

Trigger String A South Pole

IceCube (o
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South Pole
Station

Traditional
ARA String
Lateral Distance:
~30 m

In-Ice Detectors

Top HPol

ARIANNA

Depth: ~190 m Bottom HPol

2 Additional HPol
antennas for
reconstruction

Bottom VPol


https://arxiv.org/abs/2605.04268

Calibration Puser

Helper string |

o | ICECUBE

Calibration Pulser G E N 2

Power String - - -~

In-Ice Detectors

Calibration Pulser

Statior®.

Clean air/snow sectors

v Gen2-Radio Gen2-Optical @ IceCube o IceCube Upgrade
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https://docs.google.com/file/d/1jqD83xjaz8Ho5gB-2y7UcXRepnkKY_Pz/preview
https://docs.google.com/file/d/12-pvP8PAtMpiFksk75DiAvkBtv_EvtUe/preview

Observing UHE Neutrinos with the 3 Elements

Earth Ice The Moon
ANITA, PUEOQO,
ARIANNA, BEACON, RICE, ARIANNA,

Experiments TAMBO, TAROGE, GRAND | ARA, RNOG,

lceCube-Gen2-Radio

Looking for Earth-skimming _
Methods UHE Tau Neutrinos in Look for UHE neutrino

; : interactions in Ice
mountains or Earth’s crust




LOFAR &
NuMoon
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~20% e~ excess Diffracted Cone of
i Radio Cerenkov Radiation
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Lunar Region where
Radiation is Visable




Observing UHE Neutrinos with the 3 Elements

Earth Ice The Moon
ANITA, PUEO,
. ARIANNA, BEACON, RICE, ARIANNA.
Experiments | -\ 156 TAROGE, GRAND | ARA. RNOG. Nufdoon, LOFAR

lceCube-Gen2-Radio

Looking for Earth-skimming : :
Methods UIHE Teu Neurhes i Look for UHE neutrino Look for UHE neutrino

; : interactions in Ice interactions in the Moon
mountains or Earth’s crust




A lot of this information came from the HE/UHE Snowmass Paper
Check it out here: https://arxiv.org/abs/2203.08096



