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The ANITA (ANtarctic Impulsive Transient Antenna) experiment is a balloon-borne
neutrino telescope which consists of an array of 32 broad-band horn antennas. It successfully completed a 35 day flight over Antarctica during the 2006-2007 austral summer. The primary goal of ANITA is to search for astrophysical neutrinos with energies
E > 1019 eV by detecting radio Cherenkov signals from neutrino induced showers in the
Antarctic ice. We present preliminary results from ongoing analyses of ANITA data.
Keywords: UHE neutrino; GZK process; Askaryan effect.
PACS No.: 98.70.Sa.

1. Introduction
The Greisen, Zatsepin and Kuzmin (GZK) process1 is a proton interaction with
cosmic microwave background (CMB) radiation, which induces a cut-off of the
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cosmic ray spectrum above 1020 eV. Although recent observations of Ultra High
Energy (UHE) cosmic ray spectrum have confirmed the GZK cut-off,2,3 the UHE
universe is still remaining puzzled until the UHE neutrinos, which are expected to
be produced by the GZK process, is observed. However, a detection of the UHE
neutrinos is difficult because of their low flux and low interaction cross-section. It
requires very large target volume in order of ∼ 1000km3 sr for the UHE neutrino
detection.
In 1962 G. Askaryan predicted that coherent radio Cherenkov radiation would
result from charge asymmetry developed in an electromagnetic shower in a dielectric
medium.4,5 He also noted that it could be exploited for the detection of ultrahigh energy particles (E > 1018 eV) interacting in large target volumes, such as
the Antarctic ice sheets. The Askaryan effect has been verified experimentally for
different media including sand, rock salt and ice.6,7,8
The ANITA is a long duration balloon (LDB) experiment designed to detect radio Cherenkov signals from neutrino induced showers in Antarctic ice. Figure 1
displays a concept of the neutrino detection with the ANITA. Large volumes
(∼ 106 km3 ) of view allowed by the balloon experiment at a high altitude, and an
excellent transparency of the ice9,10 created by clean and cold (∼ 40◦ C) environment in Antarcica, provides the required target volume for the neutrino detection
with a good sensitivity in energy interval between 1019 and 5 × 1020 eV.
2. ANITA Instrument
Figure 2 displays the ANITA payload in a preparation of launch. The 32 dualpolarized quad-ridged horn antennas are cylindrically arranged for a simultaneous
view of all azimuthal directions. Two groups of 16 antennas are separated by about
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ANITA payload with a launch vehicle.

3 meters in the higher and lower tiers providing the timing baseline for the incident
angle measurement of radio frequency (RF) signals. The frequency range of the
system is 0.2-1.2 GHz. The antennas have 9-11 dBi directive gain with about 45 ◦
beam width in the frequency range.
Figure 3 shows a diagram of the ANITA RF system. There are high- and lowpass filters and 75 dB amplifiers in the front-end of the electronics. Then the signal
splits into two paths; one for the trigger and the other for the digitization.
The trigger design is optimized for the Askaryan pulse which has characteristics
of the broad-band and the linear polarization. At the trigger path, a 90 ◦ hybrid
combiner converts linear (horizontal and vertical) polarization signals to circular
(left and right) polarization signals. The trigger is formed in four frequency bands
centered about 270, 435, 650 and 990 MHz with an average fractional band width of
44%. There are three trigger levels. The first level (L1) requires 3 out of 8 channels
per antennas to be over threshold within 12 ns, where the thresholds of individual
channels are adjusted depending on noise level to keep a constant trigger rate. The
second level (L2) requires two L1 triggers in adjacent antennas within 20 ns, and
the third level (L3) requires L2 triggers in the upper and lower tiers within 30 ns.
The L3 trigger rate is 5-6 Hz on thermal noise. A trigger efficiency is about 50%
at 5.4 σV and 100% at 7 σV , where the σV is root-mean squared voltage of the
thermal noise.
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Fig. 3.

Diagram of ANITA RF system.

The signal at the digitizer11 is continuously sampled at a rate of 2.6 GHz. In
order to reduce power under the limited environment at the high altitude, the digitizer runs only when the trigger is given. A differential GPS system provides event
timing, location and orientation of the instrument. Additional systems such as sun
sensors, accelerometers and a magnetometer are used for independent orientation
measurements.
ANITA launched on December 15, 2006 from Williams Field, Antarctica and
flew for 35 days making 3.5 orbits (Fig. 4) before terminating on January 19, 2007.
The instrument was fully recovered after it landed 360 km away from the South
Pole. Although ANITA stayed much further west than average because of anomalous polar vortex conditions, the average depth of ice within ANITA’s horizon was
1.7 km. The ANITA system worked well during the flight without any lost antennas, channels, or frequency bands. ANITA was in pristine conditions in 60% of
operation time except times when active bases were within the view and the later
part of flight with a reduced duty cycle due to an intermittent fault. Total live time
of the instrument is 17.25 days.
3. Validation
The ANITA instrument has been calibrated using Askaryan signals from an ice
target with 28.5 GeV electron beam at the Stanford Linear Accelerator Center
(SLAC) in June 2006.8 This test was the first confirmation of the Askaryan effect
with ice. The test verified that the full instrument functioned well responding to the
Askaryan signal from ice media. We calibrated absolute gain of the system to the
shower energy. Figure 5 shows good agreements between observed signal strengths
and those expectations in the ANITA’s frequency range and in its sensitive energy
range.
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Fig. 4. The ANITA flight path, beginning at McMurdo traveling counter-clockwise for 3.5 orbits
and terminating 360 km from the South Pole. An example horizon of 600 km at float is indicated
in dotted lines.

Fig. 5. Left: Electric field strength as a function of frequency from SLAC beam test. Right: Power
strength as a function of energy. Lines represent expectations.

We performed another calibration using ground based calibration systems during the flight. After ANITA was launched from Wiilliams Field at McMurdo Station, we operated pulser systems at both Williams Field and a field camp at Taylor
Dome. The pulser systems transmitted impulsive radio pulses from discone antenna
located in a borehole below the ice surface, and from a quad-ridged horn anten-
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Fig. 6. Measured Fresnel factor vs. refracted angle (points), and predicted curve from ANITA
simulation (line).

nas on the surface. These pulser systems are used for validations of the ANITA
system, timing calibrations, and tests of the angular reconstruction and RF propagation model. Figure 6 shows a measurement of the Fresnel factor with the borehole
pulse data.12 A good agreement between the measurement and prediction of the
simulation13 demonstrates the ice-to-air propagation is well modeled.
4. Reconstruction
A direction reconstruction of RF signals is a crucial part in the ANITA data analysis. It provides a powerful rejection of background events such as incoherent thermal
noise events which comprise ∼99% of the data set, anthropogenic RF events from
existing bases and field camps, and radio Cherenkov events from air showers. If
ANITA observes neutrino events, the direction reconstruction will be important for
a precise energy reconstruction since it provides direction information, propagation
distance (r) for 1/r2 correction and RF refraction angle on the ice-air boundary for
the Fresnel correction.
The direction reconstruction of the RF signal uses arrival timing difference (∆t)
information between antennas. The ∆t is determined by using a cross-correlation
technique. Figure 7 shows obtained time resolutions of the ∆t. The time resolution
of ∆t for the upper-lower antenna pairs in the same φ-sector is σtime = 47 ps.
Because of an additional jitter for the time synchronization between different digitization boards allocated to different φ-sectors, antenna pairs in different φ-sectors
have slightly worse time resolutions of σtime = 66 ps.
The direction of the RF signal is found by a χ2 fit which minimizes
χ2 =

N
base
!
k

(

∆tkobs − ∆tkhypo (θ, φ) 2
) .
σk

(1)
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Fig. 7. Time resolution of the ANITA system; Time difference distribution (dtobserved −
dtexpected ) for upper-lower antenna pairs in the same φ-sector (left), and adjacent antenna pairs
in different φ-sectors (right). Here, the dt is signal arrival time difference between two antennas.

Here, the Nbase is number of time bases, the ∆tkobs is timing difference of the antenna
channels participating in the time base k, the tkhypo (θ, φ) is its expectation for the
RF signal with a given hypothesis of a plane wave direction (θ, φ), and the σ k is the
time resolution for a given signal to noise ratio (SN R). We use 4 or 5 time bases for
6 antennas in three φ-sectors around the maximum φ-sector where an average peak
voltage of the upper and lower antennas is the highest among all φ-sectors. The
channels having isolated timing information are not used for the reconstruction. We
perform 10 iterations of fits to reduce mis-reconstructions caused by local minima
varying initial value of fit parameters. We require χ2 < 4 for a well reconstructed
event.
A selection for good events is applied before the fit in order to speed up analysis
and reduce mis-reconstructions. We require the peak voltage to be Vpeak > 35 mV,
and SN R > 3.5 for both of upper and lower antennas in the maximum φ-sector.
The miss-reconstructed events are further suppressed by additional requirements
such as a consistency check of the reconstructed RF direction with azimuth angle of maximum φ−sector, and an internal consistency check with sub-sets of the
baselines.
Figure 8 shows angular resolution with the ground based calibration pulsers.
The dθ (dφ) is a deviation of zenith (azimuth) angle from expected value. Achieved
angular resolutions of dθ and dφ are 0.2◦ and 0.8◦ , respectively. The dφ resolution is worse than dθ because of geometries of antenna allocations and worse time
resolution of the inter-φ baselines.
The direction given by the fit procedure is projected onto the surface to find
a RF source location. We take into account a variation of the surface elevation
based on the measurements of Antarctic surface.14 Figure 9 shows the projected
RF event map for the ground based calibration data. An Obtained resolution of
source position on the surface is 2.7 km for the 170 km of RF distance at 37 km of
altitude.
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Fig. 8. Angular resolutions of the ANITA system; Angle difference distribution between reconstructed RF direction and the calibration pulser direction. The left figure is for zenith angle and
the right is for azimuth angle.

Fig. 9. Reconstructed RF source position (red dots) distribution with the ground calibration
pulser data. The line is ANITA’s flight trajectory from the launch. The red segment of the line is
the trajectory when the pulser was active for this test.
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5. Neutrino Search
In order to avoid any biases in data analysis, we follow blinding procedures until all
analysis methods are established. Two independent data analysis groups are working with different blinding approaches; One is the event blinding which blinds 90%
of data set while using remaining 10% data set for background studies, the other
is the direction blinding which opens all data set without directional information.
The analysis described in this paper is only for the event blinding approach.
For a selection of the 10% data, we randomly choose 10% of events by taking
100 consecutive events within each 1000 event epoch. This selection ensures both of
a randomness of the sample and a time dependency for short and long term periods.
Figure 10 shows a map of the projected RF source positions with the 10% opened
data set after the angular reconstruction, the good event selections, and the misreconstruction rejections. This map implies a fact that the main background sources
are anthropogenic noise events which are correlated with activities in existing bases,
camps, and automatic weather stations (AWS). Although some of event clusters are
apart from the known bases, they are along with trajectories of travelers such as
expeditions from Patriot Hills to the South Pole. We reject those anthropogenic
background events by requiring not to be associated with any existing camps or
travelers trajectories. We further require an event to be isolated from others because
repeated signals in the same location are likely to be anthropogenic noises.
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Fig. 10. Event map from the data analysis with the 10% opened data sample; The red circular markers are reconstructed RF source positions, and the black cross markers are positions of
associated camps/travelers/AWS.

June 23, 2008 18:14 WSPC/Guidelines-MPLA

1428

02779

J. Nam et al.

0° E
70° S
30 ° W

30 ° E

75° S

60° W

60 ° E
80° S

85° S

Mod. Phys. Lett. A 2008.23:1419-1430. Downloaded from www.worldscientific.com
by NATIONAL TAIWAN UNIVERSITY on 11/12/14. For personal use only.

90 ° W

90° E

120° E

120° W

150° E

150° W
180° E

Fig. 11. Event map from the full data analysis; The red circular markers are reconstructed RF
source positions, the black dots are positions of camps/AWS, and the brown dots are travelers’
trajectories.

There are no events left in the 10% data after the anthropogenic background
rejection. We further employ a signal discriminator (likelihood function L) based on
a significance of the neutrino signal in order to select neutrino event in a case of any
event survives when we open 100% data set. We define a log likelihood function
−2logL = −2log(PSN R × Pχ2 × PV/H × Pncycle ). Where, the P s are probability
density functions (PDF) of the neutrino signal for variables of, the SN R, the χ2
of the angular fit, a voltage ratio of vertical and horizontal polarizations (V/H),
and number of cycles (ncycle) of waveform in time domain, respectively. The PDFs
are determined from fits to each distributions based on the ANITA full Monte
Carlo simulation13,15 with the ESS model16 for the GZK neutrino spectrum. Before
opening the full data set, we defined the discriminator level −2logL < 10 which
keeps 95% of the GZK neutrino events. An analysis signal efficiency respected to
the trigger level is about 65% in 1019 − 1020 GeV.
Figure 11 shows the RF source map from the full data set of about 7.5M events.
There are 9532 events at the reconstruction level, then only an event passes the
anthropogenic background rejections, but the event is not satisfied with the signal
discriminator.
This is only a preliminary result from ongoing analysis. Further data analyses
are under developing for a better signal efficiency and background rejection power.
Figure 12 shows a preliminary projected ANITA sensitivity based on an assumption
that no neutrino events are observed.
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Fig. 12. Limits on various models for neutrino fluxes. The red dash curve is a preliminary projected ANITA sensitivity assuming no event observation. A detailed description of limits and
models on this figure can be found at previous ANITA paper. 17

6. Discussion
In this paper, we present a preliminary results from ongoing analyses using data
sample taken in the first ANITA flight (ANITA-I). ANITA would report important
results regarding the flux of ultra high energy neutrinos when data analysis is complete. Many analyses are ongoing for other important topics such as neutrino flavor
identification,18 neutrino cross section measurement,19 air shower produced radio
Cherenkov detection, and monopole search. ANITA is scheduled to have the second
flight (ANITA-II) in 2008-9 Austral summer. We expect more than factor 4 sensitivity comparing with ANITA-I with improvements such as the trigger, additional
antennas under the low tier, the front-end electronics, and the DAQ.
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