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● Ultra-high-energy (UHE) neutrinos are expected to carry 
important information about the highest-energy cosmic rays and 
their accelerators, including UHE cosmic ray (UHECR) 
composition and the cosmological evolution of UHECR sources.

● These neutrinos may be produced directly in UHECR accelerators 
or produced as UHECRs propagate through the universe and 
interact with cosmological or astrophysical photon backgrounds [1]. 

● Unlike cosmic rays or gamma rays, UHE neutrinos can travel 
cosmological distances and therefore have a unique ability to probe 
the UHE universe far away from our local region. 

● Of particular interest are cosmogenic neutrinos produced as a result 
of UHECRs interacting with CMB photons - these “GZK” neutrinos 
are produced within ~100 Mpc of the UHECR source and are 
therefore tightly aligned to the source direction on the sky since 
they are unaffected by magnetic fields during propagation [2]. 

● Detecting these UHE neutrinos is a challenge that requires 
instrumenting immense volumes of dense material because the 
expected neutrino flux and neutrino-nucleon cross section are both 
exceedingly small. 

● The radio technique takes advantage of the coherent radio 
Cherenkov emission (the Askaryan effect) from particle showers in 
dense dielectrics and the long attenuation lengths of deep ice to 
observe large volumes with minimal instrumentation. The Askaryan 
signal in ice is broadband up to a few GHz and scales quadratically 
with the electromagnetic shower energy [3].
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The ANtarctic Impulsive Transient Antenna (ANITA) is a NASA 
long-duration balloon payload designed to search for broadband, 
impulsive radio emission from UHE neutrinos in the Antarctic ice. It 
consists of 48 high-gain, dual-polarization antennas  and  flies  at  a  
height  of ~40  km.  ANITA is sensitive to Askaryan emission from 
neutrino-induced showers in the Antarctic ice, and can also observe 
geomagnetic emission from particle-induced extensive air showers.

ANITA-IV retains some of the key features of previous ANITA 
payloads, with significant upgrades.  The primary upgrade is the 
addition of three tunable notch filters on each channel to better reject 
continuous-wave interference and a new trigger that requires a high 
fraction  of  linear  polarization  to  better  reject  thermal noise in 
favor of linearly-polarized Askaryan neutrino signals [1].

Figure: ANITA-IV  
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before terminating on 
December 29th,  2016. 

Figure: The ANITA IV, and combined ANITA I-IV, limit on the 
diffuse cosmogenic neutrino flux from this analysis along with the 

ANITA-4 neutrino acceptance in the accompanying table [1].

Figure: The dedispersed coherently-summed waveforms for the two 
Askaryan candidate events found by Analysis A and Analysis B that 

are consistent with background.

   High-gain, dual-
polarization 

antennas.

Drop-down Solar 
Panels

ANITA 
Instrument

Flight Support 
Package

● Two independent polarization-blind neutrino analyses were 
performed, which we denote, in order of completion, A and B. Both 
analyses were similar to each other, and to previous ANITA 
analyses, in using common criteria across the continent to search 
for isolated signal-like events [1].

● Both analyses began with adaptive time-domain phasor filtering to 
remove continuous-wave interference in the raw waveforms. The 
filtered waveforms were then correlated to produce an 
interferometric map of possible radio sources. 

● The raw waveforms, interferometric map, and coherently-summed 
waveforms (produced according to the peaks in the interferometric 
map), were used to compute signal-ness observables such as peak 
correlation, dedispersed impulsivity, and polarimetric quantities. 

● These observables, in combination with quality cuts, were used to 
remove thermal and anthropogenic events to isolate a signal-region 
using standard cuts (A) or a multivariate Fisher discriminant (B).

● Events passing the signal-like selection were then spatially clustered 
together using the region of possible origin on the surface of the 
continent to further identify anthropogenic events (which tend to 
cluster with each other and known locations of human activity).

● The analysis efficiency and background estimates were computed 
using the above methods on simulated neutrino signals and 
appropriate signal-like side-bands. Since both analyses were 
polarization blind, events passing the above signal-like cuts that are 
vertically polarized become our Askaryan neutrino candidates.

● The more sensitive analysis, B, found one candidate event 
(36019849) on a background estimate of +0.69 0.64–0.45  and had an 
analysis efficiency of 82±2%. The other analysis, A, also found one 
candidate event (69261214) on a background estimate of +0.65 0.34-0.16 

and had an analysis efficiency of 71±6% [1]. 
● Event 69261214 was cut from Analysis B because it was within 40 

km of other events but passes all other cuts. Event 36019849 was cut 
from Analysis A because its direction reconstructed to an azimuthal 
sector on the payload that was trigger-masked at the event time [1]. 

● The diffuse cosmogenic neutrino flux limit, calculated using 24.25 
days of the flight with two independent Monte Carlo simulations for 
ANITA is shown in the figure (right). While Analysis A and 
Analysis B find the same number of events on similar backgrounds, 
Analysis B has a 10% better expected sensitivity so we use its result 
to set the limit. The expected number of events for Kotera 
maximum all-proton and maximum mixed-composition models are 
0.33 and 0.06, respectively. We also set a 90% CL integral flux limit on 
a pure Eν

-2  spectrum for Eν  є  [1018 eV, 1021 eV] of Eν
2 Φν ≤ 2.2 × 10-7 

GeV cm-2 s-1 sr-1. 
● Furthermore, using the central normalization value from the 

IceCube best fit E-γ power law flux [4], and assuming that the power 
law extends unbroken to at least 1020.5 eV, we constrain γ to be 
greater than 1.85 at the 90% CL using a Feldman-Cousins 
construction.
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