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Astroparticle Experiments at OSU

Prof. Amy Connolly (connolly@physics.osu.edu) and Prof. Jim Beatty (beatty.85@osu.edu)

Welcome! Interested in  Multi-Messenger
Astroparticle Physics? At OSU we work on several
Astroparticle Experiment projects including
IceCube, AUGER, ANITA, ARA! They all look for
high-energy particles of astrophysical or
cosmogenic origins. IceCube has observed the first
astrophysical neutrinos! Others have observed
cosmic-rays (CR). All of these projects are highly
collaborative efforts. Here at OSU, we are involved
in multiple aspects of each one, including
hardware, electronics, simulation and analysis.

Particle bunch
emitting EM radiation

Antarctic ice sheet is lots of ice and it is radio transparent!

Above is a cartoon showing Askaryan radio detection
of theorized ultra-high-energy (UHE) neutrinos

Why Antarctica?

1 Has lots of ice (dielectric target medium) for
neutrinos to interact in and produce optical
Cherenkov (lceCube) and radio Cherenkov
(ANITA, ARA) light.

It is radio-quiet compared to rest of the world
so less noisy for radio experiments.

Earth’s magnetic field points straight down
giving cosmic-ray signals a distinctive
polarization.

Summer polar vortex allows balloon-borne
ANITA to fly in circles over the continent
observing ~ 1 million km3? of Antarctic ice for
UHE neutrinos.
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ANtarctic Impulsive Transient Antenna (ANITA)
| ANITA-1: 06-07 | ANITA-2: 08-09

~ ANITA-3: 14-15 | ANITA-4: 2016!
ANITA-5: 2018?
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Askaryan Radio Array (ARA)

IceCube, 1 km3 neutrino observatory at the South Pole,

observes astrophysical neutrinos for the first time!
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From left to right, Bert, Ernie and Big Bird, with energies
of 1.0, 1.1 and 2.2PeV.
ARA observes Solar Flares! ANITA dominates Neutrino
Astronomy at energies > 101° eV

~107"2

Phi (deg)

Auger 2015

IceCube 2017
—— ANITA-III

ANITA Il

—

[
-
w

—_
|
-
=

[N

[
—
w

Solar Prediction

PRI R SR T B
40 50
Minutes after 2 GMT

E dN/dE dA dQ dt (cm? sr 's

280 Gores
Feed Array &

& £ ~ .
HeighISm(m\\ . : . | I 1
Posis - , L e L Y d .
N ; 1 s 2T® P £ Ahlers 12, E_=10""" eV
TEE 1l r i
g_— 1 .' : . 1 - 1 J Ll Ll Ll
\ AT e i e
A MR 4 = L.
Oa =

1 I-J_LLIJ_ L1 L
1020 1021
E (eV)
Genetic Programming
= . i

= 10”‘ 1013' 1019'

\_ RFReflector

. Height 10 m
4

Mill machine for
Radio circuit boards

- Diameter: 115 m

Exploring Machine Learning

aIVSiS 2 Opf et b 2 iy

pulsers

-5
(km)

Our science workshop for high schoolw
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men funded by NSF | Hands on projects!

Mathematica: Learn
ANITA analysis techniques

Oscilloscopes: perform
radio interferometry

Arduino microcontroller: build and :
program radios
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