Photo-Credit: McGill University

GIGANTIC
TELESCOPES
FOR

TINY COSMIC
MESSENGERS

BRIAN CLARK
THE OHIO STATE UNIVERSITY

GRC —THE WELLINGTON SCHOOL
MARCH 5, 2017



ABOUT ME

* Fourth (!) year PhD Student and NSF
Graduate Research Fellow

e Study neutrino particle astrophysics with
Prof. Amy Connolly

e Studied x-ray astronomy in undergrad (also
tried and hated condensed matter)

* Graduated in 2014 from Washington
University in St. Louis

e Originally from St. Louis, MO




TELESCOPES

* Telescopes help us look at the sky
* Traditionally use light
* 1610: Galileo used visible light
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OTHER MESSENGERS
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WHY ARE NEUTRINOS USEFUL?

Astrophysics: Only probes of the highest
energies at cosmic distances

* Cosmic rays
o Bend in magnetic fields

o Interact with the Cosmic Microwave B 3
Background (CMB): e

DS T

 Gamma rays interact with the CMB

Neutrinos have attractive properties

* Weakly interacting: travel far, don’t get stopped

* Chargeless: not deflected by magnetic field =
point back to source!



WHERE SHOULD NEUTRINOS COME FROM?

e “Cosmic Flux”: Destroyed cosmic
rays decay into neutrinos

Dty = e’ v, v S .
* “Source Flux”: Neutrinos from R By
powerful space objects R 000 .

Active Galactic Nucleus Centaurus A.
(ESO public image release)



WHAT DOES A NEUTRINO INTERACTION LOOK LIKE?

 Neutrinos find nuclei, and scatter
inelastically (basically blow up the atom!)

ﬁ

* |n ice and water, the resultant shower
moves faster than light

* Generate an sonic boom, but in light

o Get burst of blue light: Cherenkov
radiation
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o And a burst of radio waves: Askaryan
radiation



LIFE IS HARD

e Searching for neutrinos with
energy >1017 eV

(about the energy of a slow curling stone)

* They have small fluxes and even
smaller cross sections

* |n a detector the size of the
horseshoe:

o Passes through: once in a year

o Interacts: once in a decade
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TO MAKE A DETECTION

* Challenge: Need a radio clear medium & lots of it
* Answer: Antarctica

--------
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ASKARYAN RADIO ARRAY

* Drill holes 200m deep at South Pole, and drop

antennas down!
* 16 antennas in cubical lattice at 200m depth
* Two different polarization antennas (8 Vpol, 8 Hpol)
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GARGANTUAN INSTRUMENTS
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WHAT DOES DATA LOOK LIKE? et

16 waveforms (like you'd see on oscilloscopes)
Looking for a threshold crossing in power

Wait until 3/8 antennas register a spike, then
readout and store the data

108 events/station/year! e g
Principal backgrounds:

— Ice itself makes radio noise T ssooh
— People! (cell phones, radio...) g
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Antenna 3 Waveform

DATA ANALYS IS: = ]l |l Antenna 2 Waveform
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Jet collides with
ambient medium

RESULTS

Colliding shells emit
low-energy gamma rays

 Have searched for

eeeeeeee

o Diffuse emission (neutrinos
from anywhere, anytime)

Black hole
engine

o Correlated emission
(neutrinos from GRBS)

emission

Afterglow

* No neutrinos yet!
* It's not surprising
« 3/37 isn’t a very big detector!

* But, we think we’re getting close



THE WORLD THROUGH NEUTRINO EYES?

' In Neutrinos?

X-Ray (Chandra) | . | Radio (VLA)

- Crab Pulsar (HAWC)



THANK YOU!
QUESTIONS?

The Connolly Group at OSU and ARA is generously supported by:
 NSF GRFP Award DGE-1343012
 NSF CAREER Award 1255557
| | * NSF Grant 1404266 and NSF BigData Grant 1250720
Wity © The Ohio Supercomputer Center
* The OSU Department of Physics and Astronomy
* The OSU Center for Cosmology and Astroparticle Physics
e US-Israel Binational Science Foundation Grant 2012077




JOIN US FOR ASPIRE! e

Hands on physics projects

o Program in Mathematica and Java

o Interferometry w/ oscilloscopes
o Build and tune software radio

* Details:
o High school women, grades 9-12
o 1 week, 9-5 AM on OSU Campus
o May 7-11 and Aug 6-10
o $50 fee, financial assistance available

Details and
application online at
u.osu.edu/aspire




