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TABLE I: Expected parameters of the three above-horizon CR events.

event No. flight index Latitude Longitude† angle D⇤
1200 DXmax D300 D100 HXmax

5152386 I A 80.2S 49.0W �4.25±0.25� 622(+88,�100) 694±80 780±77 860±70 22.0±1.0
7122397 I B 82.405S 12.5E �3.4±0.32� 331(+125,�200) 444(+100,�120) 570±80 667±70 24.2±2.2

21684774 II C 83.24S 0.87E �2.3±0.3� �83.5(+9,�6) �17(+189,�75) 285±85 416±70 29.9±1.3

†
Latitude and Longitude of the estimated location of shower maximum Xmax, or payload location for 21684774.

* Distances from payload, in km, to location of indicated shower slant depth in g/cm2.

payload from a direction of 27.4� below the horizontal, which
was a fairly typical angle for the reflected CR events. Yet it
did not appear to correlate well with the reflected CR signal
shape, and was thus rejected as background at the time [2]. In
re-evaluating this event, we realized that the polarity and plane
of polarization are consistent with an air shower seen directly,
without the reflection phase inversion. However, its steep up-
ward pointing angle poses clear problems for interpretation.
In this report, we analyze characteristics of all four of these
unusual upward-directed events seen by ANITA, with specific
focus on what relation, if any, the previously excluded event
may have with t-lepton-initiated air showers.
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FIG. 1: Waveforms for the four events described here. Events
are indexed here and in the text by the letters A,B,C,D.

Table I shows characteristics of the three stratospheric
events. Angles of arrival relative to the payload horizon-
tal and their standard errors are determined through pulse-
phase interferometric mapping [7]. Distances to various in-
tegrated atmospheric column depths X , including the approxi-
mate depth of shower maximum Xmax, assuming a shower en-
ergy of ⇠ 1018 eV, are given along the track, based on a stan-
dard atmosphere model for Antarctica, and with uncertainties

primarily dominated by the angle-of-arrival uncertainty. The
geodetic positions in each case are given according to the es-
timated location of Xmax.

Figure 1 shows the field-strength waveforms for all of the
events, derived from coherent beam-forming [7], with the in-
strumental response then deconvolved. Both Hpol and Vpol
are plotted. The Hpol polarity of each of these events, checked
independently by two quantitative methods, is phase-reversed
with respect to the other 14 UHECR events which were in-
verted by reflection from the ice surface [1]. For CRs, Vpol
polarity and magnitude depends on components of the geo-
magnetic field in the locale of the event, as we will quantify
later.

These three events at shallow elevation angles, which cor-
relate closely in pulse shape to our other sample of radio-
detected CRs, develop and propagate in the stratosphere, un-
der very rarified densities. Their overall length is greatly mag-
nified compared to showers observed by ground arrays. The
lowest of the three events has a likely first interaction point
well beyond the geometric horizon, and will have largely dis-
sipated in the vicinity of the geometric horizon at ⇠ 650 km.
The higher two events are at least 200 km, and possibly more
than 600 km in length, in both cases passing by the ANITA
payload before they have dissipated. In the highest event,
which develops above 30 km, the shower was near its max-
imum development when it passed by ANITA. Geometric es-
timates of ANITA’s expected rate of CRs at these angles, us-
ing the acceptance determined by the reflected CRs [8], indi-
cates that the number of detected events is consistent with the
known CR spectrum at EeV energies.

To characterize these events more fully, we estimate their
Stokes parameters. Fig. 2 show I,Q,U,V in a spectro-temporal
decomposition for these three events. In all cases the linear
polarization components associated with Q and U are clearly
evident. In addition, in the two stronger events there is up to
25% Stokes V content, indicating circular polarization (CP)
present in the signal, well above the  3% residual instru-
mental polarization effects for our data. For all of the events
the total polarized fraction is 100% within statistical errors
due to thermal noise. CP in radio signals from CRs at the few
percent level has been hypothesized to arise from interference
between the primary signal generation from geomagnetic ef-
fects [9, 10], and the secondary signal from the Askaryan ef-
fect [11], but there is no currently accepted model to predict


