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FIG. 1: Top: Side view schematic of the target and receiver arrange-
ment in ESA. Bottom: Perspective view of the setup, showing the
key elements.

Despite confirmation of Askaryan’s theory for sand and
salt, there are important reasons to test it in ice as well, since
so much study and experimental effort have been directed at
ice as the target medium. First, although the effect is primar-
ily determined by shower physics, the radio production and
transmission occurs under conditions where the properties of
the medium could play a role in modifying the behavior of the
emission; the possibility of unknownmedia-dependent effects
which might suppress the emission must be explored. Sec-
ond, the radio Cherenkov method is most effective at shower
energies above 10-100 PeV, where muon or other cosmic-
ray backgrounds are negligible, and the method thus “suf-
fers” from the virtue of having no natural backgrounds with
which to calibrate the Cherenkov intensity and corresponding
detection efficiency. In this context, laboratory calibrations
of the radiation behavior are critical to the accuracy of results.
And finally, the increased richness of these radio observations,
which directlymeasure electric field strength and vector polar-
ization, require more comprehensive experimental treatment

FIG. 2: (color online) Left: The ANITA payload (center) above and
downstream of the ice target (here covered). Right top, target with
cover removed, in ambient light. Right bottom: ice target illuminated
from interior scattered optical Cherenkov radiation.

and validation than observations of scalar intensity.
The experiment, SLAC T486, was performed in the End

Station A (ESA) facility during the period from June 19-24,
2006. A target of very pure carving-grade ice was constructed
from close-packing rectangular 136 kg blocks (about 55 were
used) to form a stack approximately 2 m wide by 1.5m tall
(at the beam entrance) by 5 m long. The upper surface of
the ice was carved to a slope of ∼ 8◦ in the forward direc-
tion giving the block a trapezoidal longitudinal cross section
along the beam axis. This was done to avoid total-internal
reflection (TIR), of the emerging Cherenkov radiation at the
surface. The surface after carving was measured to have a
root-mean-square (rms) roughness of 2.3 cm. The beam en-
tered this target about 40 cm above the target floor, which was
lined with 10 cm ferrite tiles to suppress reflections off the
bottom.
The showers were produced by 28.5 GeV electrons in

10 picosecond bunches of typically 109 particles. Monte-
Carlo simulations of the showers indicate that about 90% of
the shower was contained in the target; the remainder was
dumped into a pair of downstream concrete blocks. In contrast
to previous experiments [5, 12], we did not convert the elec-
trons to photons via a bremsstrahlung radiator. Such meth-
ods were used in earlier Askaryan discovery experiments to
avoid any initial excess charge in the shower development. In
our case, the typical shower had a total composite energy of
3× 1019 eV, with a total of ∼ 2× 1010 e+e− pairs at shower
maximum. EGS simulations of the charge excess develop-
ment indicate a net charge asymmetry of about 20%. Thus the
initial electrons contribute at most∼ 15% of the total negative
charge excess in the shower, and we have corrected for this
bias in the results we show here. In addition, radio absorbing
foam was in place on the front face of the ice, and very effec-
tively suppressed RF signals from the upstream metal beam
vacuum windows and air gaps.
A schematic of the experiment layout is shown in Fig. 1.


