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ANITA Collaboration

Broad motivation:

« Particle Physics at E > 14 TeV
(Large Hadron Collider)

» Astrophysics at Nature’s most
powerful, remote accelerators

et Vu+ Vp potential
. ultra-high-energy
; _ (UHE)
N —pe Ve neutrinos

PC: NASA E/PO, Sonoma. B lo SimoRnat 3/17
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ANtarctic Impulsivé
Transient Antenna

* NASA long-duration balloon experiment
- Ultra-high-energy (>10'8 eV) neutrino,
detector
* Looking for radio Cherenkov signal
* Four flights so far
« Recent flight 27.3 days long
N

PC: Steven P.

ANITA-IV Flight
2016 Dec 2 - 29




Military satellite noise during ANITA-3

Plot by
Ben Strutt

MUOS
satellites
FLTSAT,

UFO
satellites
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Dual-polarization

horn antenna

4 s D
[ . [
90 degree hybrid
coupler, takes input RF  Tunnel Level 3 trigger GPU: Event Builder
from HPol and VPol diode issued 0 and Prioritizer
Amplification channels, here shovﬁng
of ~45 dB by only onetmpu'_ ::l_ power
outpu
J:ic,ae?slz, P detector Trigger Unit for RF
Filter 2001200 r B (TURF) also monitors
200-1200 MHz Frontend MHz 3dB trigger rate pCI
Bandpass (TUFF) board Bandpass  splitter
— | filters BUS Commanding Link
n ~H1n <=
| N S
Amplification .NOch Level 1 and
of ~35 dB by filtering Level 2 triggers
Antenna by TUFF 20 ns issued 0
Mounted Pre- notch i .
amplifier filters at delay 260x—||— | 4 LABRADOR chips Data archives:
(AMPA) unit ~260 cable sample waveform 4TB Helium
: 260x—{|— | dataat2.6 GSals drives, 2TB SSD
~380 and
460 MHz until Level 3 trigger
- issued, then 1 LAB
{ 260x - | gigitizes while
remaining 3
260x— - | continue to sample

Internal Radio Frequency
Conditioning Module (IRFCM)

Sampling Unit for RF (SURF)

ANITA Instrument Box providing >= 80 dB EMI Faraday Housing

Oindree Banerjee 17




) THE OHIO STATE UNIVERSITY

ANITA-4 Trigger
Trigger Logic:

- Level 1 : LCP and RCP signal from same antenna above threshold
- Level 2 : > 1 antennas in same phi sector have Level 1 trigger
- Level 3 : Adjacent phi sectors have Level 2 trigger

y &/ Trigger rate > ~50 Hz
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LCP: Left Circular Polarization | RCP: Right Circular Polarization
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ANITA DATA

* An “event” is a 100 nanosecond snapshot of an incoming plane wave
(voltage vs. time) that satisfies our trigger

* ANITA-1 (06 - 07) — 8 million events
* ANITA-2 (08 - 09) — 26 million events
* ANITA-3 (14 - 15) — 77 million events
* ANITA-4 (2016) — 97 million events

* Most events are noise
* Thermal radiation by the ice
* Anthropogenic or Human-made noise
* Military satellites

Oindree Banerjee 8/17
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TUFF response
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TUFF notch operations during ANITA-4

Notch 3 off

Notch activation status vs. time
Notch 3

Notch 2

Notch 1

12-28
Time (Month-Day)

Notch 1: 260 MHz Notch 2: 375 MHz Notch 3: 460 MHz

Military Military
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TUFF notch operations during ANITA-4

Realtime notch tuning

Before Re-tuning Notch 2

= After Re-tuning Notch 2
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Conclusions

New tunable dynamic notch filters were successfully operated
during ANITA-4

Helped to increase per day “instrument livetime” by 2.8x

With satellite noise under control, we can focus on improving other
parts of signal processing

* ANITA-S trigger: continuous, low-resolution digitization to
perform interferometry in realtime

ANITA-4 flight is promising and data analysis is underway

« Planned analysis includes
» Diffuse search for UHE neutrinos

» Search for UHE neutrinos from Gamma Ray
Bursts

« Evaluating sensitivity to Fast Radio Bursts

Oindree Banerjee 17/17



ANITA Collaboration

Backup slides

Oindree Banerjee 18/17



neutrinos

balloon

sl%“a\

37 km
—altitude

yadio

C—

—

Particle bunch
emitting EM radiation

Antarctic ice sheet is lots of ice and it is radio transparent!
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Threshold

Changing
thresholds
during the
flight is a
secondary
method of
reducing
digitization
deadtime
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ANITA-3

ANITA-4

Threshold in arbitrary units (avg. 10 min)
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