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THE COSMIC RAY MYSTERY
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WHAT ABOUT NEUTRINOS?

Produced from ultra-high energy sources

via cosmic ray interactions (p-p,p-VY)

Produced by interactions between ultra-
high energy cosmic rays and cosmic

microwave background photons (e.g. GZK

Mechanism)

Kaeli Hughes | Radio-Based Experiments 3



WHAT ABOUT NEUTRINOS?

Produced from ultra-high energy sources

via cosmic ray interactions (p-p,p-VY)
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Neutrino Pros: "

*Point directly back at their
sources

eCapable of traveling extreme

distances without interacting

Produced by interactions between ultra-
high energy cosmic rays and cosmic

microwave background photons (e.g. GZK

Mechanism)
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WHAT ABOUT NEUTRINOS?

Produced from ultra-high energy sources

via cosmic ray interactions (p-p,p-VY)

Neutrino Pros:

*Point directly back at their
sources

eCapable of traveling extreme
distances without interacting

Neutrino Cons:

e Capable of traveling straight
through the Earth without
Interacting

Produced by interactions between ultra-

high energy cosmic rays and cosmic
microwave background photons (e.g. GZK
Mechanism)
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SCIENCE, VOL 342,

ISSUE 6161 (201 3)

NEUTRINOS ARE EXPECTED AT HIGHER ENERGIES
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WE NEED NEW STRATEGIES TO LOOK AT HIGHER
ENERGIES
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WE NEED NEW STRATEGIES TO LOOK AT HIGHER
ENERGIES
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INSTEAD OF OPTICAL, TRY RADIO

Askaryan Radiation: @o’@ 'y

eShower develops negative charge excess §® 5
L . S

eCoherent radiation for wavelengths > shower width R

eBest in dense, dielectric, radio-clear material
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.99.171101

EXPECTED NEUTRINO SIGNATURES
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EXPECTED NEUTRINO SIGNATURES

Neutrino Event Signatures: | ‘
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LOTS OF RADIO-BASED EXPERIMENTS

LARGE VOLUME,
SHORT TIME

.ANITA*, SMALL VOLUME.
PUEO* LONG TIME
 BEACON™,
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ICE-BASED RADIO EXPERIMENTS
REQUIRE LESS INSTRUMENTED VOLUME

THAN OPTICAL EXPERIMENTS

*| COLLABORATE ON THESE



THE CURRENT STATE OF THE FIELD
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IN-1ICE EXPERIMENTS:

1ceCube

South

e Pole

SPIceCore

TWO TYPES OF
ANTENNAS
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DOWNHOLE VIEW
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https://arxiv.org/abs/1912.00987

IN-ICE EXPERIMENTS: ARA

Current Analysis Ongoing! -

107> -

107°-

107 -

7 TS N\,

L

10—9 - /.- UHECR, Olinto et al. PHASED
: ) === SFREmax= 10212, Kotera et al.
/.7 —-= 100% protons, Ahlers & Halzen ARRAY
./.// —-= 10% protons, Ahlers & Halzen
10 /./ / Max GZK protons (Auger), van Vliet et al.
10~ — —

E2dN/(dE dA dQ dt) [GeV cm™2 s~ sr71]
-
<

106 107 108 109 10 10
Neutrino Energy [GeV]

TWO TYPES OF
ANTENNAS

/

ARA:

DOWNHOLE VIEW

Kaeli Hughes | Radio-Based Experiments  Constraints on the Diffuse Flux of Ultra-High Ener

PRD 2019 1


https://arxiv.org/abs/1912.00987

A NEW TRIGGER DESIGN MAKES RADIO BETTER
A trigger based on beams:

Side View of a 3 of Antennas in a Hole

a Phased Array Trigger
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(e.g. a neutrino signal)
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https://arxiv.org/abs/1809.04573

NEW IN-ICE TRIGGER RESULTS
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https://arxiv.org/abs/2202.07080

NEW IN-ICE TRIGGER RESULTS
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https://arxiv.org/abs/2202.07080

IN-1ICE EXPERIMENTS: RNO-G
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https://arxiv.org/abs/2010.12279

IN-1ICE EXPERIMENTS: RNO-G
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https://arxiv.org/abs/2010.12279

BALLOON EXPERIMENTS: EXPECTED SIGNALS
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g & ~40 km

/ Ice \

Kaeli Hughes | Radio-Based Experiments The Payload for Ultrahigh Energy Observations (PUEQ): A White Paper, JINST 2021
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https://arxiv.org/abs/2010.02892

BALLOON EXPERIMENTS: EXPECTED SIGNALS

Askaryan Showers
Broadbano
Vertically polarized

balloon

Below the horizon
Non-reflected polarity

& ~40 km

Ice
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The Payload for Ultrahigh Energy Observations (PUEQ): A White Paper, JINST 2021
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https://arxiv.org/abs/2010.02892

BALLOON EXPERI

MENTS: EXPECTED SIGNALS
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balloon
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The Payload for Ultrahigh Energy Observations (PUEQ): A White Paper, JINST 2021
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https://arxiv.org/abs/2010.02892

BALLOON EXPERIMENTS: EXPECTED SIGNALS
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https://arxiv.org/abs/2010.02892

BALLOON EXPERIMENTS: ANITA VS. PUEO
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Coincidence Trigger = Phased Array trigger = higher trigéer efﬂciledncy
200 MHz cutott = 300 MHz cutoft and more antennas — better reconstruction
Low frequency instrument = improved air shower channel

I Kaeli Hughes | Radio-Based Experiments The Payload for Ultrahigh Energy Observations (PUEQ): A White Paper, JINST 2021
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https://arxiv.org/abs/2010.02892

THE ANITA ANOMALOUS EVENTS
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https://arxiv.org/abs/1803.05088

Vt EXPERIMENTS: GRAND AND BEACON (AND OTHERS!)
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https://arxiv.org/abs/1810.09994

VT EXPERIMENTS: GRAND AND BEACON (AND OTHERS')
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I'He FUTURE:

I CECUBE-GENZ OBSERVATORY

v lceCube-Gen2 Radio ® IceCube-Gen2 Optical ® IceCube sk IceCube Upgrade

25 m

TIMELINE TBD
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IceCube Gen2 Technical Design Review (2023)
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https://icecube-gen2.wisc.edu/science/publications/tdr/

I'He FUTURE:

I CECUBE-GENZ OBSERVATORY

1074- :
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IceCube -+ AGN, Murase et al. 1403.4089
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https://icecube-gen2.wisc.edu/science/publications/tdr/

SUMMARY

e The radio technique is a
promising method that can
detect neutrinos at the highest
known energies

e Two+ decades of prototyping and
instrument design have brought
us nearly into discovery territory

e Stay tuned for more results — —
A SUNDOG AT THE SOUTH POLE (2018)

coming in the next five years!
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