Progress Towards Measuring the Ultra-High Energy Neutrino Flux with the Askaryan Radio Array
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1. Science Goal

We're looking for ultra-high energy

(UHE, E >10" eV) cosmic neutrinos-

they haven’t been observed yet [1]
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The observations may help

constrain the neutrino-nucleon cross section

at ultra-high neutrino energies [1]
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2. Askaryan Radio Array (ARA)

3. Analysis Chain

data taken from 2012-2021

Remove unwanted events like software glitches, bad
events, continuous wave contamination, and more

So we installed
5 stations with radio antennas
at the South Pole
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Fach station has 16 to 24
radio antennas
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Reject cosmic ray air shower events
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CW Filtered Waveform

Raw Waveform— Rawwfch 1
— all CW removed-filtered wf ch_1

using reconstructed elevation angle of radio signal

35058 Reconstructed Events in A2 - RF Triggers

Reconstructed Elevation Angle [deq]
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Remove all

"above surface” events
which have reconstructed elevation > 30°
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Build a pure neutrino
and pure noise
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Train a brand new
Linear Discriminant Analysis

simulation set

Generated with
improved per-channel
signal chain gain,
antenna gain,
and noise models

Neutrino sensitivity (lower=Dbetter)
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This will describe the
“neutrino-ness” of each event
with one number calculated
from many observables

Neutrino Event Rates
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Choose LDA cut based on
LDA performance over full
array’s data + simulation sets

Use the LDA to
identify neutrino-like events
in the remaining 90% of data
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Flux Model

1 —— lceCube9yrLimit - 12.5 events
1 === vanVlietl9 Auger - 9.7 events
| DR KoteraSFR10 - 2.2 events
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) === SFREmax= 10213, Kotera et al.

/ ./ —-= 100% protons, Ahlers & Halzen

| /’// —-= 10% protons, Ahlers & Halzen

10 /./ / — = Max GZK protons (Auger), van Vliet et al.
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We expect to set the best limit
for in-ice radio neutrino detection
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Estimated event rates leave us optimistic that
we could discover a neutrino in our dataset

—100

=50

0

50 100 150

Reconstructed Azimuthal Angle [deg]

10° -
1071 5

1072 E

1074 4
10~> E

1076 4

IceCube 9yr limit spectrum

[ —1 Data

I 1 Simulated Neutrinos
== Example LDA Cut

i o-like events

NSd ‘o1zn|\ 0diel 4o Aseunod)

0 5 10
LDA value

Contact

This analysis is performed by many scientists

across multiple institutions

The contact for this poster is:
Abigail.Bishop@wisc.edu
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