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Q momesmmumveery - Rgdjo Detection

« Detection of rare signals - Size scale of shower
1. Make 100X IceCube (or...) A >> Rmoiigre  ~10 cm
2. Radio Cherenkov technique

« Coherent signal from net ~20%
charge asymmetry in shower

 Gurgen Askaryan, 1962 -

e (Observed in ice, salt, sand, air ALY\ N

« Impulsive bipolar signal ngjgjgﬂzﬂgwer
 South Pole ice: ~2.8 km thick, cold

 ~1 km radio attenuation lengths -
large observable volume
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Askaryan Radio Array

ARA prototype Testbed 2010
(surface detector in operation since
January 2011)

. Deployed ARA3 stations
(in operation since January

@) @) ®) @) ®) 2013)
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Deploy RF stations in ~100 km? a
Currently: 3 stations + 1 prototyps
Full plans: 37 stations viewing O(

Can reach the low flux of UHE ne
. E2dN/dE < 10® GeV/cm?/s/sr abov

International collaboration with 12
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 Important to put stations
deep in the ice

« “Firn” - changing n(z)
top ~150 m of ice

-  Causes curvature in paths
of rays in ice

Greater depth - increased
viewable volume and
observable neutrino
incident angles

Viewable volume:
Red - station @ 30 m

Blue - station @ 200 m

Effective volume
increases by factor of 3.2
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. Radio - thermal background, . 1 2 3 4 >
anthropogenic signalg, A e | I | e | e ZC;Z%
neutrino signals B '”'“"1‘“’”"’” w ”'"‘”’f‘”” ”’"“""*”“* §

* Important to construct - - 1000 3%0 9
efficient, simple filters = E Time (ns)

* Interferometry = . i — .
computationally complex 2o ty g

 Deep stations have regular
geometry 1 . Ej Ej

 Assume plane-wave geometry t2,A@ """"""""" @ t1’A

* Filter >99% of noise before
reconstruction — =similar pairs
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Toem Oun0 Searm Unrvemsire Reconstruction

« Event position = important — provides energy, neutrino direction
« Use interferometry: signal arrives at antennas at different times
« Time delays between pairs of antennas - direction

« Strength/qualities the peak on the map = event type (noise vs signal)
« Anthropogenic noise rejected by position — neutrinos don’t repeat

At %ﬁgﬁg igl‘eﬂr;ﬁe reconsslcrrrlljlcjzl’c?éidrr:/a?)\/:)r(];mple
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- Performed 2 searches for A= :'N.T?l.;zo)'m ,._., 232 f?'i’"if‘g’i’e’ |
dlfoSG ﬂUX Of neUtranS 107 —e Auger (gs;r) x3 ===  ARA37 (‘3 yr} projected
+  Prototype station, 2 years 1031 Toumoa o o Amore 2010 flok .
° 2 deep stations, 1 year T’*‘ e o ARIANNA HRA3  +}+ IceCube 2013 meas. /
»  No candidates 7 10
»  Deep station search e 10
improved limit over 3 .
prototype result =10
«  Efficiency &+ 107
. Effective volume
. . -8
« Projections: full ARA-37 10
array will be sensitive to 109 S
GZK flux models 14 15 16 17 18 19 20 21

log,o(E/eV)
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. Search for neutrinos coincident with 103
Gamma-Ray Bursts (GRBSs)

« 2 years of prototype station data

ARA Testbed GRB Limit

. . T10°F
«  First targeted search with ARA Kz z
: . _ O B
« Tightened constraints on timing - &
relaxation of threshold E 1071
signal period > ; ANTARES /
% -Smin% %+5min i dime 8 ;NeuCosmA x3 V" T,
“lhr ackgroun ackgroun +|hr -~ % ~\s ARA37 GRB
anal(ysssis;‘ﬁ:;iod anal()'ss;in;ai:;‘iod e - /— \~~ 3-yr scaled
] . L. (I\.IIJ 1 0-9 | IceCube AT
. 2.4X improvement in sensitivity 1C40+59 x3 *

»  First quasi-diffuse flux limit above
1076 eV o
« Additional improvements expected: 4 6 8 10
. Trigger, analysis techniques Neutrino Energy [log, (E/GeV)]
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Quasi-diffuse Flux from 57 GRBs
Simulated with NeuCosmA
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« ARAIs aradio-based UHE
neutrino detector being built at
the South Pole

« Deployment of 3 stations
approved for next austral summer

(2017-2018)

* 3 neutrino searches completed
« 2 diffuse (prototype, 2-station)
1 GRB (prototype)

* Further analyses in progress

« Expect the first detection of UHE
neutrinos in the coming years!
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