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INTRODUCTION AND MOTIVATION

Neutrinos are elusive particles. They have no charge,
they are point particles, and they interact weakly with
matter. This provides a window to study the universe, as

METHODS

ARA station

The ARA experiment _L Firn (50 m) :
200 m s

* Located in Antarctica,

Data analysis (cont.)

* We expect neutrino signals to be strong in amplitude
(high SNR) and to reconstruct well (high Cgy,,).

« Simulations allow us to predict what we would observe
for a neutrino event.

Outlook

* This study was done for only two out of the five stations,
for four years of data. Performing an analysis over all data
from all stations will bring the limit down, as shown in the
figure (dotted line).

they travel through it undisturbed, pointing back to their
source.
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Data will be accumulated over time, further increasing the
chances of observing a neutrino event (dashed line).
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Improvement of reconstruction algorithms, as well as the
development of sub-threshold searches are planned for
future analyses.
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* These antennas can -
detect radiation ’ el
produced by neutrinos
interacting with ice.

CONCLUSIONS

* The Askaryan Radio Array (ARA) experiment looks for
ultra-high energy neutrinos, as they provide a unique
window to the distant, very energetic universe.

Figure by the ARA collaboration

Data analysis
RESULTS AND OUTLOOK

In this work we analyzed four years of data in two

* We analyzed four years of data for two stations _ _
stations of the ARA experiment.

Neutrinos are the only particles that can travel very large distances in the Universe
undisturbed. Photons can get attenuated, and charged particles get bent by magnetic
fields.. Figure from http://starfishquay.blogspot.com/

We performed an analysis using four years of data for two

stations of the ARA experiment. We found zero neutrino

events, but we were able to constraint the neutrino flux,

L~ Ndutrina signa achieving the best limit for an in-ice neutrino experiment
e e between 10° — 101! GeV.

e« >99.99% of the data are noise
produced by ice or by human
sources in Antarctica.

The resultant limit is the best set by ARA to date, and
the best limit produced by an in-ice radio neutrino
detector.

Visual representation of
noise and neutrino signals

Although they are abundant at low energies, at ultra-high
energies (UHE, >108 GeV) they are extremely rare.
Combined with the fact that they barely interact with
matter, observing one of these particles becomes very
challenging, needing extremely big detectors (order of
km3), or waiting a long time (years). The Askaryan Radio

Array (ARA) experiment exploits the former.

Calibration runs and glitches
are excluded, then afilter is
applied to exclude low signal-
to-noise ratio (SNR) events.

The projected sensitivity for the five-station array shows
ARA achieving world-leading sensitivity to neutrinos
above 108 GeV by 2022.

»

|
L " ) ~
_plii")il‘l""‘l".lwl"l‘ = " '\wv

Amplitude [Arb]

=
o
I
|—|
S
1

-4 4

]

1

. We know what neutrino signals " -————+——
Neutrino energy vs. flux are expected to look like, so Time (ns]
Speed of a baseball with KE=E, [mph] ]

101 that allows us to impose cuts
] - 1 on noise signals.
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* We can distinguish a signal coming from a human source,

: : : : M.-Y. Lu, C. G. Pfendner, and A. Shultz (ARA), Ultra-high energy neutrino
or background sources, by reconstructing its direction. (ARA) g 9y
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Detecting UHE neutrinos will help us to: {07 108 109

* Understand how and where they originate.

« Study UHE cosmic rays, since neutrinos can be their
daughter particles. o —— .

Study fundamental physics at ultra-high energies. Csky
Figure by Ming-Yuan Lu
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