
ANITA



Surface Deployment Strategy



Embedded deployment strategy





Or, view ice from above: ANITA concept
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Estimate the amount of time 
required to reach 38 km, assuming 

zero wind resistance



ANITA 
launch; 

1→6



После выпуска



January 9, 
2015

ANITA `cut-
down'



Thermal Stresses



Satellite temperature map (12/2014)



ANITA also detects ~1019 eV 
CR

Pisin Chen, Trieste, June 2011

ANITA-III optimized for UHECR as well as n  



Interferometric observation of Ultra-High Energy Cosmic Rays (10 EeV) with ANITA



Correlation with local magnetic field



  

SLAC T-510 testbeam experiment



THE MYSTERY EVENTS!



What is it, what is it, what is it?
Spectrum matches tau neutrino!

Other Possibilities: Surface Roughness (Dasgupta & Jain, 2019)
BSM models (people in this room right now)

Transition Radiation Backlobe (Prohira & deVries)
Triboelectric Effect (dzb, alisa nozdrina (KU), masha mikhailova (MEPhI)



  

surface roughness from stereoscopic photos 

1/14 Data taken by AARI, St. Petersburg – 
reconstruction of point-clouds in progress



  

Calibrating surface roughness via Solar albedo

Vpol,
Direct Sun
v. Reflection

Hpol,
Direct Sun
v. Reflection



  

Agreement with Fresnel Coefficients as f(incidence angle)



  

HiCal-trailer balloon to measure roughness
MEPhI, KU, IITK

q



  

The Problem:
● On a 5 kg payload, hanging from a balloon, 

include:
– Low-cost transmitter capable of generating 

~10 kV signal amplitude signals, with 
duration 10 ns (Kansas U.)

– Hardware to measure azimuthal orientation 
of payload, with capability for measuring 
signal amplitude and provide GPS time 
stamp (MEPhI)



  

Low-cost, high-voltage transmitter



  

Piezo-ceramics



  

RF transmitter



  

More precise surface reflectivity probe
● 12/14: ANITA HiCal: 

Pathfinder class 
balloon, launched 
after main ANITA-3 
launch
– Tx emits both direct + 

surface-reflected signal
● Hardware:

– “custom” transmitter 
that mimics EAS 
spectrum (ignition coil 
or piezo sparker [$10 
from WalMart]) fed into 
a RICE-type dipole 
antenna 



  

HiCal sparker at 5 mB



  

HiCal Launch (Jan. 5, 2015)



  

Flight Paths, Dec. 2014-Jan. 2015



  

Event 1-HiCal observed from 750 km!



  

HiCal Event-2 (at float)



Recall partial wave expansion of 
incoming plane wave...



Tau neutrinos? Must break standard model!

Possible (SM) explanations of mystery events:
1) Surface Roughness?
2) Tribo-electric effect?
3) Backwards-directed transition radiation?
4) Sub-surface reflectors?



Trigger formation with a ring buffer
Design goals:

1) Zero deadtime
2) Sensitivity to linearly polarized signals of 

arbitrary Vpol and Hpol
3) Lowest possible neutrino/UHECR 

threshold



  

Birefringence! (Estimate n
o
-n

e
)



Data on ice birefringence V(polarization)

Can also 
derive 
attenuation 
length from 
this graph
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