


There is a high energy universe out there we know very little about!

Cosmic rays with energies of more than 102° eV were observed.
Their source, or acceleration mechanism are unknown.




IceCube can detect cosmogenic neutrinos, but not enough of them ...

Simulated 9EeV event
IceCube (80 strings)

More than 60% o
DOMs triggered -
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Solution: Use Cherenkov photons in RF

e Longer attenuation length in ice =» larger spacing =» less hardware
e Less scattering for RF In ice.
Cherenkov radiation pattern is preserved
Don’t need many hits to resolve direction
e No need to drill wide holes
e Betterice at the top. No need to drill deep.
e Antennas are more robust than PMTs.
e The isolated South Pole is RF quite and ¢ S.
e Any EMI activity is regulated — @ —
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e Deepice (2.5km) contributes to effective volume
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Gurgen Askaryan Pavel Alekseyevich
(1928-1997) Cherenkov

(1904-1990)
Spring 2011, Madison

Hagar Landsman ARA




RICE Radio Ice Cerenkov Experiment
Array of single dipole antennas deployed between 100 and 300m near the

South Pole, covered an area of 200m x 200m. (mostly in AMANDA holes)
Used digital oscilloscope on surface for data acquisition

IceCube Radio
Co deployed with IceCube at 30m, 350m and 1400 m. Full in ice digitization.




Obviously the people involved know what they are doing !




Establish
cosmogenic
neutrino
fluxes
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Neutrino
direction
Reconstruction

Flavor
analysis

Particle
physics







ARA Concept

Optimized for neutrino counting:
a single station can provide and form a trigger

» Decreases trig time window, lower backgroun
and therefore thresholds. i éi i

> Lowers the energy threshold - lowest energid| !
dominated by single string hits

Detecting down-going events: +45 above horiz -.._
(4.4sr) - 5 below horizd| 2>km =" Y

Deep ice contributes in higher energies o0
P & & RF radiation — \(\te(ad\o

ve“@k

Hagar Landsman ARA




Effective volume




detector sensitivities




Reconstruction

r AR

range errr

L 3,4 £ 4
tiomal rarge error ARSR = degrees




NSF Grant

“Collaborative Research: MRI-R2 Instrument Development of the Askaryan
Radio Array, a Large-scale Radio Cherenkov Detector at the South Pole”
phase 1 funded







ARA Test Bed




0 2 4 6 8 10121416182022

Hour




ARA_DATA_Ch15
ARA_DATA _Ch16
Galactic Noise (Cane)
Thermal Noise (-196 dB)
Total Noise

Total




Deep pulsers on IceCube strings




Deep pulsers on IceCube strings
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B pid Air Movement




is season’s on ice achievements

* Carried on three sleds pulled by tractor

* 0.5 —1m per minute / 200m in ~1/2 day

*6” hole

* Wet hole- must be pumped out or electronic made watertight
* Deepest holes drilled in 10/11: ~160 m

Hagar Landsman ARA Spring 2011, Madison 21




Wind Turbines










Antennas design:
e 150-850 MHz
* Designed to fit in 15cm holes
* Azimuthal symmetric
Cables pass through antenna. No
shadowing.







Ice cap (4,815 km tgfal thickness)




eutrino interact in ice
- showers

- Many e ,e*, ¥

- Interact with matter
—> Excess of electrons

- Cherenkov radiation

— Coherent for wavelength
larger than shower
dimensions

Moliere Radius in Ice ~ 10 cm:

This is a characteristic transverse dimension
of EM showers.

A<<Ryqiiere (Optical), random phases= P N
A>>Ryiiere (RF), coherent = Poc N2

Askaryan effect

Less Positrons:

Positron in shower annihilate with electrons in
matter et +e > vy

Positron in shower Bhabha scattered on
electrons in matter eter - ete

More electrons:
Gammas in shower Compton scattered on
electron in matter e+7y>e +y




—
)

relative Cherenkov po
D.Salzberg, P. Gorham et al.

1019
shower energy, eV

PHYSICAL REVIEW D 74, 043002 (2006)




Deep pulser installation

File Edit Vertical HorizfAcq Trig Display Cursors Measure Masks Math App Utilities §
Tek Stopped 60 Acgs i
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Ray tracing - Shallow, deep, surface
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Index of Refraction

X n(z): Eisen Maud Dronning B2 core

— RICE 2002 n(z) 2nd-order poly fit
Schytt p(z) model: Z(firn)=-130 m

EEREEE Schytt p(z) model: Z(firn)=-115 m
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I I l uppelrd.irect _
na Reflected rays e
lower reflected ———
0 /
-100)
E
g =150
£ Direct rays
3
200 -
2250 1 |
0 50 100

Measured time differences:
Time differences between direct rays

And between direct and reflected rays can be calculated




Hole 8, Bottom

Hole 8, Top
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1TeV1GHz

500 GeV 1 GHz
100 GeV 1 GHz

1 TeV 300 MHz
500 GeV 300 MHz

R x E(nu) in Volts/MHz

45 5 55 60 65 70 80
Angle in Degrees (ga
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