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Introduction

Take-home ideas

We anticipate new physics at high energies

Ultra-High Energy astrophysical neutrinos will offer a novel window
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Introduction

What about neutrinos?

The idea is simple:
Ultra-high energy proton flux = Ultra-High Energy neutrino flux
pte + e
P+ Yokg = AT =n+7nT
H:>/~6+ + v,

H:>17M+e++’/e

For E, > 10° GeV, we expect this flux at £, ~ 10"-10'° GeV
¢, ~ 1-100 v/km? /year
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Ultra-high energy proton flux = Ultra-High Energy neutrino flux
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(Of course, sources could also directly produce neutrinos)



See arXiv:2205.09763, with S. Prohira and J. F. Beacom!

UHE neutrinos
Why do we want to detect them?

Astrophysics Particle physics
UHE cosmic ray composition Largely unexplored, but
High redshift (z ~ 2-4) Largest distances
UHE cosmic ray sources Largest energies

Multimessenger
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UHE neutrinos

Overall view

TAROGE

BEACON POEMMA

ARIANNA ANITA
PUEO

GRAND~TAMBO

IceCube
KM3NeT ARA
P-ONE RNO-G
Baikal-GVD Gen-2 Radio



See arXiv:2205.09763, with S. Prohira and J. F. Beacom!

UHE neutrinos
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Physics opportunities
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As a first step, let’s look at the § S ,{,-"' §
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When they hit a nucleon in our
detector,

/s = V2E,mx ~ 5-100 TeV

beyond collider reach!
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Measuring o

Let's get to business. A priori 0 can be measured from

Nevt - ¢ X o X Ntarget

but we don't know ¢!

But 0 ~ 1073 cm? A ~ - ~ 1000 km!
Neutrinos get attenuated by Earth with a characteristic scale set by o.
Model-independent handle!

Kusenko & Weiler, 2002; Anchordoqui et al, 2002; Hooper, 2002; Hussain et al, 2002; Borriello et al,
2008; Hussain et al, 2008; Connolly et al, 2011; Marfatia et al, 2015
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Earth attenuation

[ [ [

Probes ~ ¢ x o Intuitively: with a single detector, we

measure the flux
Close to the horizon
At large zenith angles

=
ot
T

The difference tells us how much the
Earth absorbed, i.e., o!

dNevt/dO [arb. units]

In our paper, we do a shape fit, including relevant experimental details and
varying the unknown flux.




Results
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New physics within reach with
modest statistics and resolution
Requirements are similar to
astrophysics!
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Results
Different A0Q
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Conclusions and ways forward
UHE neutrinos have triggered high astrophysics interest.
It's time to explore the particle physics!

We find that, with modest requirements,
o,N can be measured without knowing the flux

Allowed novel-physics can be tested even with low statistics
And this can happen relatively soon!

As experiments are being planned, we can have a more active voice.

Stay tuned for the first events within ~ decade!
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[When doing the analysis, we include energy and allow the flux to float freely]



