
in coincidence with the antarctic muon and neutrino detector
array (AMANDA). AMANDA will detect the high-energy
muons produced along the shower core in the atmosphere.
SPASE will sample the total number of low-energy particles in
the shower front at the surface. By requiring a coincidence
between the two observations, we will ensure that both detec-
tors record the same event, initiated by a single, energetic
cosmic ray nucleus high in the atmosphere. Eventually, we
expect to be able to record more than 100,000 coincident
events per year. With this data, we will be able to study the
relative fractions of different groups of nuclei in the cosmic
radiation at energies too high to be accessible to direct mea-
surement by small detectors carried in balloons or spacecraft.

This work has been funded in part by National Science
Foundation grant OPP 91-17524 and Science and Engineering
Research Council grant GRG 35923.
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N
eutrinos are subatomic particles that are electrically neu -
tral and unaffected by the nuclear strong force, and

therefore, they can travel easily through ordinary matter. This
property makes neutrinos useful in searches for the sources of
ultra-high-energy (UHE) cosmic rays (Haizen and Stanev
1989; Barwick et al. 1992). [UHE cosmic rays are those with
energies greater than 1012 electronvolts (eV)].

During the 1991-1992 field season, we operated a proto-
type UHE neutrino detector, the antarctic radio-Cherenkov
neutrino observatory (ARCNO), at the Amundsen-Scott South
Pole Station. ARCNO was built to gain experience in using the
"radio-Cherenkov" (RC) method of neutrino detection. The
RC method is not yet widely known because only one other
group has undertaken preliminary experiments (the radio
antarctic muon and neutrino detector, RAMAND) (Boldyrev
et al. 1987; Zheleznykh 1988).

Most neutrinos from any cosmic source will pass com-
pletely through the Earth, but a small fraction will interact
with a proton or neutron in the ice. An interacting UHE neu-
trino dumps its energy into an upward-going shower of
charged particles, and for a short time this shower emits
Cherenkov radiation. For radio frequencies, the Cherenkov
signal is coherent and its intensity scales as the square of the
shower charge (for higher frequencies the signal intensity
scales linearly with the shower charge) (Askar'yan 1962; Zas,

Haizen, and Stanev 1992). This upward-going Cherenkov sig-
nal is the death cry of the UHE neutrino and the mechanism
by which it can be detected.

The antarctic ice is expected to be almost transparent to
radio frequency signals [less than 1 gigahertz (GHz)]. If labo-
ratory data apply in field conditions, then radio signals have
attenuation lengths of approximately 1 kilometer in ice (War-
ren 1984). Therefore, our receivers can operate on the surface
and still observe a large ice volume.

The major neutrino detector currently under construc-
tion at the South Pole, the antarctic neutrino and muon
detector array (AMANDA), does not use the RC method.
Instead, AMANDA looks for the optical-Cherenkov (OC) sig-
nal using buried strings of photomultiplier tubes. The OC sig-
nal is much stronger than the RC signal (Jackson 1975); how-
ever, the OC signal can travel only short distances in ice
(approximately 20 meters).

The OC method is more sensitive than the RC method,
but the required number of photomultiplier tubes scales with
the observed volume. To observe a volume of ice with the RC
method, the number of receivers scales only with the surface
area. This holds out the promise that the RC method could be
used to create larger detectors than are practical with the OC
method.

A large RC detector and an OC detector (such as AMAN-
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Figure 1. Instrument schematic showing only one of the three detec-
tors. The antenna was buried face down in the ice with its top flush to
the ice surface. Any RF signal emerging from the ice was amplified and
passed to the trigger system. If three pulses coincided, the data-acqui-
sition electronics were triggered. The analog-to-digital converters
(ADCs) recorded the cumulative charge of the signal pulse, while the
time-to-digital converters (TDCs) measured the time differences
between the first signal and the two later-arriving signals. (dB denotes
decibel. NIM denotes Nuclear Instrumentation Module. SCSI/CAMAC
denotes small computer systems interface/computer automated mea-
surement and control.)
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DA) would be complementary because the maximum energy
neutrinos that are observable with a detector are effectively
limited by the volume monitored. The more sensitive OC
detector would be better at observing the lower energy part of
the UHE neutrino spectrum, whereas a larger RC detector
would be better at detecting the higher energy UHE neutrinos
(Markov and Zheleznykh 1986).

Many questions need to be answered to decide if full-
scale RC detectors are feasible. A partial list includes the fol-
lowing:
• Measurement of in situ ice transparency.
• Characterization of background signals.
• Development of techniques to remove background signals.
• Optimization of antenna and receiver design.
Any UHE neutrino detector faces low signal rates (perhaps
only several events per year). Thus, because background
rejection is of paramount importance, our efforts have con-
centrated on understanding and removing background sig-
nals. We believe removing the signals is the RC method's
most important experimental challenge. We also hoped to
perform simple measurements of in situ ice transparency
during the 1991-1992 campaign. We were dependent, howev-
er, upon obtaining an additional deep ice hole from the Polar
Ice Coring Office (PICO). Despite PICO's great efforts that sea-
son, time constraints made drilling an extra hole impossible.

We expect backgrounds from receiver noise and man-
made radio frequency interference (RFI). Receiver noise is our
name for the sum of the ice's microwave emission and the
noise in the radio-frequency amplifiers. The RFI background

is mainly due to gasoline-powered vehicles operating near
our instruments, communications activities, and the radar
used by landing planes.

These backgrounds guided our experimental design. To
reduce RFI problems, the array was operated at a site approxi-
mately 1.6 kilometers from the station. To reduce the number
of false signals due to receiver noise, we used a threefold coin-
cidence test. The data-acquisition system recognized an event
only when the signal from all three detectors exceeded a
threshold voltage within a coincidence window of 40±3
nanoseconds (ns). To try to identify event sources, we mea-
sured the signal strengths and arrival times from each receiv-
er. Figure 1 shows a schematic of the instrument electronics.

During our deployment, we obtained 200.5 hours (h) of
data, most of which were instrument tests, calibrations, and
characterizations; only a small subset (17 h) of the data set
was optimal for background analysis. Of this 17 h, we selected
6 h that appeared free from gain drifts.

The events in the 6-h "raw" data set were binned in 15-s
intervals (the average and standard deviation was 2.4±2.2
events per bin). The inset of figure 2 shows the raw data set;
some bins obviously have an unusually high count number.
We believe these bins are RFI contaminated because vehicles
operating near the array were observed to give large RFI sig-
nals and excessive count rates.

As a conservative means of removing RFI contamination,
we cut out all bins that contained more events than 1 stan-
dard deviation above the mean (greater than 5 events per
bin), leaving 313.5 minutes (mm) of live time (87 percent of
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the original). Figure 2 shows a close-up of the first 60 min of
data with removed bins marked in black.

We then removed events with flawed timing data (229
events) and used the remaining 1,981 events to search for
backgrounds other than receiver noise. The technique used
the fact that our coincidence window (40±3 ns) was longer
than the 26 ns a radio signal takes to cross the array in ice. If
all events were receiver noise then a simple model predicts
how many signals should survive a cut based on array cross-
ing time.

Assuming the 1,981 events were receiver noise, we would
expect that 30±4 percent (594±79) events would pass the 22-
ns cut. The uncertainty is from the 3-ns uncertainty in the
coincidence window. A conservative 22-ns cut was chosen
instead of 26 ns to account for possible timing uncertainties.
If a significant background source of radio events exists, then
more signals will pass than predicted.

The "cleaned" data set consisted of 577 events where the
signal appeared to cross the array in under 22 ns. This result
agrees quite well with the prediction of the all-noise model.
We conclude that no unexpected backgrounds competed with
RFI or receiver noise.

Figure 3 shows the raw data set and the final cleaned data
set for one detector. Because the cleaned data is compatible
with the all-noise model, we have identified the peaks in fig-
ure 3 as receiver noise. The raw data set shows a tail of high-
strength signals that we identify as the RFI signals removed by
the data cleaning.

We have not yet set limits on the observed backgrounds,
but setting limits may be possible with more analysis. Our

experiences have provided reasonable initial success and
have given us experience that will greatly facilitate a second
generation of detectors.

This project was supported by National Science Founda-
tion grant OPP 90-18395 and by CalSpace grant CS-33-90. We
would like to acknowledge J. Gibson for his electronics help
and the 1991-1992 South Pole Station staff for their excellent
support, patience, and great musical talents.
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Feasibility of long-term vertical electric current
measurements in the Antarctic
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W
e have suggested that snapshot measurements of the
electric potential of the ionosphere should be possible

by making measurements of the vertical electric current at a
network of manned and unmanned sites in Antarctica,
including the U.S. automated geophysical observatories
(AGOs) (Park 1976; Bering et al. 1991). Implementation of this
idea required a proof-of-concept test at the South Pole. Two
concerns were posed. First, the effect of turbulence in the
planetary boundary layer (PBL) on the proposed measure-
ments was unknown. Second, brand-new instruments might
need some field-testing and development before being con-
sidered qualified for inclusion in the AGO environment. This

paper reports on the experimental evaluation of these two
concerns.

We have constructed two instrument suites that measure
the vertical electric current and electric field (Byrne et al.
1993). These systems were installed at the South Pole in Janu-
ary 1991. Naturally, some engineering problems materialized
during the first 2 years of operation. Corrections for these
problems were deployed in the 1991-1992 and 1992-1993
austral summers. In 1991, array 2 (the array closest to the sta-
tion buildings) worked well for the entire year. Array 1 devel-
oped data-synchronization problems that led to loss of sensor
data but not the engineering data. Most of the problems were
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