


Antarctic Impulsive Transient Antenna Experiment
2004-2020-balloon borne CR astronomy_»___
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ANITA detects ~10” eV CR and neutrinos
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Estimate the amount of time
required to reach 38 km, assuming
zero wind resistance
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view Ice from above: ANITA concept

balloon at —37km altitude
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Satellite temperature map (12/2014)
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MASA Long Duration Balloon (LDB) Site at Willy Field, McMurdo Station
2014-2015 Antarctica Operations
(With Support from NSE and USAP)

Balloon Tracking

AMNITA 1 AMNITA HI-CAL SPB/COSI SPIDER
Flight 2
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Total Flight Time Total Flight Time Total Flight Time Total Flight Time
22 days, 9 hours 5 days, 13 hours 1 day, 19 hours 16 days, 12 hours

ANTTA I11 & HICATL.Z2 Track Owverlays

SPB=super-pressure balloon —V constant in PV=NKT
=> heavier, rugged material

Variable-volume balloon: solar heating=>temperature
rise/fall=>elevation changes




Antarctic Iee Sheet



Interferometric observation of Ultra-High Energy Cosmic Rays (10 EeV) with ANITA
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measured plane of polarization, deg.

Correlation with local magnetic field
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SLAC T-510 testbeam experiment
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FIG. 6. Left: horizontally polarized signal normalized by ver-
tical showing the expected linear behavior vs. magnetic field.



15717147, -35°

ANITA-III UHECR Air Showers
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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)



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?



surface roughness from stereoscopic photos

FIG. 1: Antarctic topography  FIG. 2: Antarctic topography  FIG. 3: Antarctic topography
along Vostok route (1) along Vostok route (I1) along Vostok route (I11)

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



Calibrating surface roughness via Solar albedo
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HiCal-trailer balloon to measure roughness

Hical | | ANITA
Direct signal

Reflected
signal

Ice



The Problem:

* On a 5 kg payload, hanging from a balloon,
iInclude:

- 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




Plezo-ceramics

G. Staines*, Helmut Hotmann®,

L.L. Altgilbers™, Ya. Tkach" "3negrpomarantasie denerns”, T.3, Ne3 (11), 2003 .

*Dieghl Munitionssysteme GrmbH & Co. KOG,
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i e o _ Tkach Ya., Shkuratov S., Talentsev E.F., Dickens
1.5, Army Space and Missile Defense Commeand, J.C., Kristiansen M. , Altgilbers L.L., and Tracy
Huntsville, ,:ﬂg,_]_,, So80T P.T., Theoretical Treatment of Explosive-Diriven
ke ner Research Associates Ferroelectric Generators /) IEEE Transactions
. - 1 - Ll -
Huntsville, Al on Plasma Science. — 2002, — V. 30(5).

P. 16651673,

Compact Piezo-Based High Voltage (Generator - Part I:
Quasi-Static Measurements

This paper presents the results of an effort to develop and test a piezo-based high voltage generator (HVG). A
theoretical model was developed and, in order to verify this model, quasi-static measurements were conducted
using & 15 mm diameter and 20 mm long cylindrical PZR-5A piezoelectric element and an electric press driven
by a rotating screw. Measurements were made using varions load capacitances and resistances and using single
and multiple piezo elements. The results of these measurements will be presented. A prototype piezo-based HVG
with a diameter of 65 mm and a length of 275 mm was also built and tested and the results will be presented in
a follow-on paper. This generator produced almost 400 KV with 3 .J of energy stored in the generator.



RF transmitter
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More precise surface reflectlwt orobe
e 12/14: ANITA HiCal: . » " ;
Pathfinder class balloon,
launched after main
ANITA-3 launch

- Tx emits both direct +
surface-reflected signal

e Hardware:

- “custom” transmitter that
mimics EAS spectrum
(ignition coll or piezo
sparker [$10 from
WalMart]) fed into a RICE-
type dipole antenna
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HiCal schematic
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HiCal Launch (Jan. 5, 2015
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Flight Path

December, 2014 circumpolar wind vortex




Event 1-HiCal observed from 750 km!

Middle Ring Top Ring

Bottom Ring

fas & s ] > TURF This Hold: 0
Time: 2015-01-07 05:29:34 Trig Num: 7433 — Trig Type: RF TURF Active Holds: 0x5

Run: 413 Trigger: 824.629576 ms b
Event: 77751633  Priority: 3 -- Queue: 3 UL Bhi Mask- V 0 - H 0 it
Phi 1/2 Phi 3/4 Phi 5/6 Phi 7/8 Phi 9/10 Phi 11/12 Phi 13/14 Phi 15/16

s T - T
10 20 30 40 50 &0 TO 80 S010 10 320 30 40 50 &0 TO 80 S

Lt L ...ér
10 20 30 40 S0 80 TO BD w1



LN

Middle Ring

Top Ring

Bottom Rin

Phi 172

HiCal Event-2 (at float)

TS Irassa I i
Pri Elaak: O

Event: BO0OT6631  Fricer3— Ouese3

Phi 1516

Phi 2/4 Phi 576 Phi 7/a Phi 910 Phi 1112 Phi 13/14

=¥

T R e T
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Time signature of ot(D,R)
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Antarctic

r/d power ratio

Surface Reflectivity Calculations and Measuren

Recall partial wave expansion of incoming

and HiCal-2 Experiments plane wave...

S. Prohira®, A. Novikov!", P. Dasgupta®, P. Jain®. 8. Nande?, P. Allison®™
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