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UHE Neutrinos 
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•  Ultrahigh energy (UHE) neutrinos  
•  E > 1018 eV 
•  Only UHE particle probes at 

cosmological distances – no horizon! 

•  Greisen-Zatsepin-Kuzmin (GZK):  
Cosmic rays with E > 1019.5 eV + 
CMB ! BZ neutrinos, some at 
UHE 

•  Also expect UHE neutrinos 
produced at sources 

•  Low flux at Earth 
•  Large volume needed! 

Proceedings of UHECR 2012 
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FIGURE 2. Compilation of cosmic ray energy spectra, with the flux multiplied by E3, published by
Auger (combined Hybrid/SD), TA SD, Yakutsk SD, HiRes I, and HiRes II after energy-rescaling as shown
in the figure has been applied. The reference spectrum is the average of those from Auger and TA. From
[19] where also references to the respective data sets can be found.

sistent in normalization and shape after energy scaling factors, as shown in Fig. 2, are
applied. Those scaling factors are within systematic uncertainties in the energy scale
quoted by the experiments. This is quite remarkable and demonstrates how well the data
are understood. Nevertheless, cross-checks of photometric calibrations and atmospheric
corrections have been started and as a next step, common models (e.g. fluorescence
yield) should be used where possible. The data in Fig. 2 clearly exhibit the ankle at
⇠ 4 · 1018 eV and a flux suppression above ⇠ 4 · 1019 eV. The flux suppression at the
highest energies is in accordance with the long-awaited GZK-effect [5, 6]. However, as
discussed below, the data of the Auger observatory suggest that the maximum energy of
nearby sources or the source population is seen, instead.

COSMIC RAY COMPOSITION AND INTERACTION MODELS

Obviously the energy spectra by itself, despite their high level of precision reached, do
not allow one to conclude about the origin of the spectral structures and thereby about the
origin of CRs in different energy regions. Additional key information is obtained from
the mass composition of CRs. Unfortunately, the measurement of primary masses is the
most difficult task in air shower physics as such measurements rely on comparisons of
data to EAS simulations with the latter serving as reference [20]. EAS simulations, how-
ever, are subject to uncertainties mostly because hadronic interaction models need to be
employed at energy ranges much beyond those accessible to man-made particle accel-

Ankle @ 5x1018 eV 

GZK suppression 
above ~4x1019 eV 
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Radio Detection 
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Radiated Signal - Results - examples
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Particle shower 

•  Detection of rare signals -  
1.  Make 100X IceCube (or…) 
2.  Radio Cherenkov technique 

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

•  Gurgen Askaryan, 1962 
•  Observed in ice, salt, sand, air 
•  Impulsive bipolar signal 

•  South Pole ice: ~2.8 km thick, cold 
•  ~1 km radio attenuation lengths ! 

large observable volume 
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Askaryan Radio Array (ARA) 

•  Deploy RF stations in ~100 km2 array at South Pole 
•  Currently: 3 stations + 1 prototype 
•  Full plans: 37 stations viewing O(100 km3) of ice 
•  Can reach the low flux of UHE neutrinos! 

•  E2dN/dE < 10-8 GeV/cm2/s/sr above 1017 eV 
•  International collaboration with 12 institutions, ~50 authors 

2017-01-28 APS April Meeting 
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Deep Deployment 
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Effective volume 
increases by factor of 3.2 

•  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 
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Data Filtering 
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= similar pairs 

t2,B 

t2,A 

•  Radio - thermal background, 
anthropogenic signals, 
neutrino signals 

•  Important to construct 
efficient, simple filters 

•  Interferometry = 
computationally complex 

•  Deep stations have regular 
geometry 

•  Assume plane-wave geometry 
•  Filter >99% of noise before 

reconstruction 

Time (ns)
-50 0 50 100 150 200 250 300 350 400

Vo
lta

ge
 (m

V)

-400

-300

-200

-100

0

100

200

300

Channel 0Channel 0

Time (ns)
-50 0 50 100 150 200 250 300 350 400

Vo
lta

ge
 (m

V)

-150

-100

-50

0

50

100

Channel 1Channel 1

Time (ns)
-150 -100 -50 0 50 100 150 200 250 300

Vo
lta

ge
 (m

V)

-800

-600

-400

-200

0

200

400

600

Channel 2Channel 2

Time (ns)
-50 0 50 100 150 200 250 300 350 400

Vo
lta

ge
 (m

V)

-400

-200

0

200

400

Channel 3Channel 3

Time (ns)
-100 -50 0 50 100 150 200 250 300 350

Vo
lta

ge
 (m

V)

-400

-200

0

200

400

Channel 4Channel 4

Time (ns)
-100 -50 0 50 100 150 200 250 300 350

Vo
lta

ge
 (m

V)

-300

-200

-100

0

100

200

Channel 5Channel 5

Time (ns)
-200 -150 -100 -50 0 50 100 150 200 250

Vo
lta

ge
 (m

V)

-600

-400

-200

0

200

400

Channel 6Channel 6

Time (ns)
-100 -50 0 50 100 150 200 250 300 350

Vo
lta

ge
 (m

V)

-400

-300

-200

-100

0

100

200

300

Channel 7Channel 7

Time (ns)
0 50 100 150 200 250 300 350 400

Vo
lta

ge
 (m

V)

-150

-100

-50

0

50

100

150

Channel 8Channel 8

Time (ns)
0 50 100 150 200 250 300 350 400

Vo
lta

ge
 (m

V)

-80

-60

-40

-20

0

20

40

60

Channel 9Channel 9

Time (ns)
-100 -50 0 50 100 150 200 250 300

Vo
lta

ge
 (m

V)

-140

-120

-100

-80

-60

-40

-20

0

20

40

60

80

Channel 10Channel 10

Time (ns)
0 50 100 150 200 250 300 350 400

Vo
lta

ge
 (m

V)

-60

-40

-20

0

20

40

60

80

100

Channel 11Channel 11

Time (ns)
-100 -50 0 50 100 150 200 250 300 350

Vo
lta

ge
 (m

V)

-100

-50

0

50

100

Channel 12Channel 12

Time (ns)
-100 -50 0 50 100 150 200 250 300 350

Vo
lta

ge
 (m

V)

-80

-60

-40

-20

0

20

40

60

Channel 13Channel 13

Time (ns)
-200 -150 -100 -50 0 50 100 150 200 250

Vo
lta

ge
 (m

V)

-100

-50

0

50

100

Channel 14Channel 14

Time (ns)
-100 -50 0 50 100 150 200 250 300 350

Vo
lta

ge
 (m

V)

-80

-60

-40

-20

0

20

40

60

Channel 15Channel 15

Time (ns)
0 50 100 150 200 250 300 350 400

Vo
lta

ge
 (m

V)

-800

-600

-400

-200

0

200

400

600

800

1000

Channel 16Channel 16

Time (ns)
0 50 100 150 200 250 300 350 400

Vo
lta

ge
 (m

V)

-1500

-1000

-500

0

500

1000

1500

Channel 17Channel 17

Time (ns)
0 50 100 150 200 250 300 350 400

Vo
lta

ge
 (m

V)

-2000

-1500

-1000

-500

0

500

1000

Channel 18Channel 18

Time (ns)
0 50 100 150 200 250 300 350 400

Vo
lta

ge
 (m

V)

-2000

-1500

-1000

-500

0

500

1000

1500

Channel 19Channel 19

1 2 3 4 

A 

B 

t1,B 

t1,A 

Vo
lta

ge
 (m

V
) 

Time (ns) 
-100 350 

-300 

300 



7 

•  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 

2017-01-28 

Reconstruction 

APS April Meeting 

Δt ≈
d2 − d1( )n
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Known background event 
reconstruction map example 
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Diffuse Searches 
•  Performed 2 searches for 

diffuse flux of neutrinos  
•  Prototype station, 2 years 
•  2 deep stations, 1 year 

•  No candidates 
•  Deep station search 

improved limit over 
prototype result 

•  Efficiency 
•  Effective volume 

•  Projections: full ARA-37 
array will be sensitive to 
GZK flux models 

 
 2017-01-28 APS April Meeting Phys. Rev. D 93, 082003 (2016) 
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GRB Search 
•  Search for neutrinos coincident with 

Gamma-Ray Bursts (GRBs) 
•  2 years of prototype station data 
•  First targeted search with ARA 
•  Tightened constraints on timing ! 

relaxation of threshold 

 
•  2.4X improvement in sensitivity 

•  First quasi-diffuse flux limit above 
1016 eV 

•  Additional improvements expected: 
•  Trigger, analysis techniques 

2017-01-28 APS April Meeting 
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• With 10% burned sample

- background time range: +- 1 hour from a GRB with +- 5 min gap

• Total ~67,000 events from 57 selected GRBs’ background analysis 
period from 10% burned data set

• Estimated number of events from 90% data set with optimized cuts 
(for entire 57 GRBs)

- Expected BG events in signal period: 0.106

- Expected BG events in background period: 1.166

- Expected ν events in signal period: 1.47e-05

3

Background Analysis
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Conclusions 
•  ARA is a radio-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! 

2017-01-28 APS April Meeting 
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Questions? 
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Backup Slides 
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