
MHz; thus the ensemble behavior of all of the cascade
particles yields forward-beamed synchrotron emission,
which is partially or fully coherent in the radio regime.
Therefore, the resulting radio impulse power grows quad-
ratically with primary particle energy, and at the highest
energies, yields radio pulses that are detectable at large
distances. Current systems under development for detec-
tion of these radio impulses are colocated with and trig-
gered by cosmic ray particle detectors on the ground
[13–15]. They detect showers with primary energies in
the 1017–18 eV range because of their limited acceptance.
No such system has reported a sample of >1019 eV
UHECR events, nor any events detected solely by radio.

The ANITA long-duration balloon payload is launched
from Williams Field, Antarctica. It takes advantage of the
stratospheric South Polar Vortex to circle the Antarctic
continent at altitudes of 35–37 km while synoptically ob-
serving an area of ice of order 1:5! 106 km2. During
flight, ANITA records all nanosecond-duration radio im-
pulses over a 200–1200 MHz radio frequency band. The
threshold is a few times the received power (" 10 pW) of
thermal emission from the ice. The direction of detected
signals, determined by pulse-phase interferometric map-
ping [Fig. 1, [17]], is localized to an angular ellipse of
0:3# ! 0:8# (elevation! azimuth) which is projected back
onto the continent to determine the origin of the pulse.
ANITA’s mission is the detection of ultrahigh energy neu-
trinos via linearly polarized coherent radio Cherenkov
pulses from cascades the neutrinos initiate within the ice

sheets. Virtually all impulsive signals detected during a
flight are of anthropogenic origin, but such events can be
rejected with high confidence because of their association
with known human activity, which is carefully monitored
in Antarctica. For its first flight, during the 2006–2007
Austral summer, ANITA’s trigger system was designed to
maximize sensitivity to linearly polarized radio pulses, but
purposely blinded to the plane of polarization. However,
the entire polarization information—both vertical and hori-
zontal (Vpol andHpol)—was recorded for subsequent analy-
sis. Since radio pulses of neutrino origin strongly favor
vertical polarization, due to the geometric-optics con-
straints on the radio Cherenkov cone as it refracts through
the ice surface, we used the Hpol information as a sideband
test for our blind neutrino analysis.
Our results were surprising: while the neutrino analysis

(Vpol) gave a null result, a statistically significant sample of
6 Hpol events was found initially [20], and a more sensitive
analysis now yields 16. These events are randomly distrib-
uted around ANITA’s integrated field-of-view [Fig. 2], un-
correlated in location to human activity or to each other,
but closely correlated to each other in their radio pulse
profile and frequency spectrum [Fig. 3, top panel]. Their
measured planes of polarization are found in every case to
be perpendicular to the local geomagnetic field [Fig. 4], as
expected from geosynchrotron radiation. With two excep-
tions, the events reconstruct to locations on the surface of
the ice; the two exceptional cases have directional origins
above the horizon, but below the horizontal (at our altitude,
the horizon is about 6# below the horizontal). Earth-
orbiting satellites are excluded as a possible source since
the nanosecond radio temporal coherence observed is im-
possible to retain for signals that propagate through the
ionospheric plasma, which is highly dispersive in our
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FIG. 2 (color). Map of locations of detected reflected (red
diamond) and direct (black square) UHECR events superim-
posed on a microwave backscatter amplitude map of Antarctica
(Radarsat) within our field of view (dash-dotted line).
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FIG. 1 (color). Interferometric map of relative correlated in-
tensity in Hpol (top panel) and Vpol (bottom panel) for event

3 623 566, which occurred in a region of Antarctica where the
geomagnetic inclination gave an appreciable Vpol component.

Map details are covered elsewhere [20].
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