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Motivation - UHE Neutrino Search
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GZK CutoffCosmic Rays Spectrum
[4] 

Do you think the flux 

would be endless? 

• 𝑝 + 𝛾𝐶𝑀𝐵 → ∆+→ 𝑛 + 𝜋+
[4] 

when 𝐸𝑝 > 1019.5𝑒𝑉

• UHE 𝜈 from 𝜋+ decay



Detection Method – Askaryan Effect

• ~20% Negative Excess Charge produce Cherenkov Radio Signals
[4]

• 𝑃𝐶ℎ𝑒𝑟𝑒𝑛𝑘𝑜𝑣 ∝ 𝑁𝑒
2 ∝ 𝐸2

[2]

• Size of shower depends on frequency
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Shower length ~ 10m𝜈

RF Cherenkov 
(56⸰ for ice)

Gurgen Ashotovich Askaryan

a.k.a Гурген Аскарьян

( 1928 -1997 )



Test of Askaryan Effect
• Silica Sand (2000)

• Rock Salt (2002)

• Ice Test in SLAC (2006)
• 28.5 𝐺𝑒𝑉 𝑒− beams with 109particles per 10 𝑝𝑠[2]

• 10 tons ices covering 90% shower
[2]

• Angular, Frequency response for different antennas

• Shower Energy Measurement  
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ANITA Detector

• 𝑁𝜈 = 𝑓𝑙𝑢𝑥 ⊗ 𝐴𝑟𝑒𝑎 ⊗ 𝜎𝜈 ⊗ 𝜀𝐷𝑒𝑡 ⊗𝑇
o Area matters ! → Where to put detector?
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Seavey Quad-ridge Horns
[6] [7]

1.Bandpass: 200 – 1200MHZ

2. Separating Vertical &             

Horizontal Polarisation

3. ~60。∅, 𝜃 field of view

Photovoltaic Array

GPS Antennas



ANITA Flights
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Signatures
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𝑣

Cosmic Rays
Geomagnetic Field



Test your Understanding
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Origin RF Direction Signature, Polarity

CR-reflected Below Horizon H-Pol, Inverted

CR-Direct Above Horizon H-Pol, Normal

Neutrino Below Horizon V-Pol, Normal

[5] 



Potential Explanation
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𝑣

Cosmic Rays
Geomagnetic Field

𝑣𝜏

𝜏

Origin RF Direction Signature, Polarity

𝑣𝜏 Below Horizon H-Pol, Normal



Are they really 𝜏 neutrino ?
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Elevation Cord Length

Event 3985267 −27⸰ 5500km

Event 15717147 −35⸰ 7000km

−27⸰ or −35⸰

Travel 100 times more than 
Standard Model Prediction



Flux Result
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• Flux limit was set under the treatment 

of neutrino candidate as background

[7] 



Conclusion

• Motivation: UHE Neutrino Search

• Signatures to exclude direct and reflected CR

• Two anonymous events in ANITA-I and ANITA-III
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Back up
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Background

• CW (Continuous Wave) from geostationary military communication satellites

• Masking out azimuthal sectors with high trigger rate

• Thermal Noise

• Incoherent waveform

• Set triggering threshold, Coincidence tagging

• Anthropogenic Signals

• Tend to cluster spatially

• Only events that are outliers survive for final cuts

• Digitizer Glitch

• Payload Blast 
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Info of two Anonymous Events
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Potential Neutrino Events In ANITA-III
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[3] 



Setup in SLAC Ice Experiment
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Trapezoid –
Avoid Total 
Reflection

Suppress Reflection 
from bottom

Block Remainder Beam


