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Abstract: The ANtarctic Impulsive Transient Antenna (ANITA) searches forallitigh energy neutrinos

interacting in the Antarctic ice cap. It is a long duration balloon experimemposed of an array of

broadband dual-polarized horn antennas that had its first sciendeoflighAntarctica in December 2006
through January 2007. ANITA relies upon the Askaryan effect, in tvlaigarticle shower in a dense
medium emits coherent Cherenkov radiation at radio wavelengths galetiection of a neutrino induced
shower. ANITA is designed to detect — or constrain flux models of — ultgh Bnergy neutrinos created
by the interaction of ultra high energy cosmic rays with the cosmic microlwagkground. In this paper

we discuss the detector performance during the first ANITA flight.

Introduction attenuates the UHECR spectrum by the GZK
fect [1, 2]. The decay of resultant charged pic
The existence of Ultra High Energy Cosmic Rays produces a flux of ultra high energy GZK neut
(UHECR) has been well established by their de- nos, the study of which may provide clues to t
tection over the past 40 years by a variety of ex- UHECR sources and composition.
periments. Nonetheless, their origins and compo- In addition to the GZK process, hadronic cc
sition remain a mystery. UHECR protons are not mic ray accelerators or more exotic sources
magnetically confined and may travel extragalac- produce ultra high energy (UHE) neutrinos. U
tically. Yet, for protons with energies exceeding like photons and charged particles, neutrir
5x10" eV, interactions with the cosmic microwave may travel unimpeded and undeflected from th

background via photopion production limit their source to provide valuable information about t
propagation to a mean free path-ofl0 Mpc. This UHE universe.
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At lower energies, neutrinos are detected via op- at the digitizer is continuously sampled at a r¢
tical Cherenkov signals of their interaction prod- of 2.6 GHz, but is only digitized upon triggerin
ucts. Such a technique is not practical for the de- when sampling is halted and the samples held
tection of UHE neutrinos due to the large instru- readout.

mented volumes needed to detect their lower flux. Along the trigger path, the signal first pass
Instead, we employ the Askaryan effect [3], where through 200° hybrid combiner which turns the lin
a particle shower in a dense medium creates a co-ear horizontal and vertical polarization signals ir
herent Cherenkov pulse at radio frequencies. The |gft- and right-circularly polarized (LCP and RCF
Askaryan effect has been verified experimentally sjgnals. The signals are then split into four fr
for different media including sand, rock salt and guency bands centered about 270, 435, 650
ice [4, 5, 6], and allows a large detector volume to 99p MHz with an average fractional bandwid
be observed with limited numbers of antennas in (A, /1) of 44%. The split, hybrid signal pro-
these radio transparent media. vides an advantage to triggering on the bro:
band, linearly polarized Askaryan pulse, whii
will have equal power in LCP and RCP and in mt
tiple bands, unlike most thermal and some antr
pogenic noise.

Instrument Description

The ANITA instrument is a long duration balloon i ) ) o .
(LDB) payload designed to detect RF pulses cre- Triggering occurs in three levels: the firstin asi
ated by neutrino induced particle showers in the 91€ antenna (L1), the second amongst 2 adja(‘
Antarctic ice cap. A diagram of the core RF sub- antennas (L2), and the third between upper
system, which consists of the receiving antennas, lower tier antenna clusters about the same azirr

a front-end of filters and low-noise amplifiers, and (L3)- For an L1 trigger, 3 of the 8 channels p
triggering and digitizing electronics, is shown in antenna must be over threshold within 12 ns. In

Figure 1. vidual channel thresholds adjust to maintain a ¢

. . stant trigger rate in the presence of thermal no
There are 32 dual-polarized quad-ridged horn an- ") 5 trigger requires that two L1 events occ
tennas cylindrically arranged in two upper tiers of

8 ant h tothb ‘ | in adjacent antennas within 20ns, and an L3 tr
antennas each, Separatecha}3 m rom a lower ger requires L2 triggers in the upper and lon

:Ik?rtotf 16 anttennas. Thefanter;rr:asbart(t—:- platc_ed Sugh[iers within 30 ns. The thresholds are set to ¢
at two antennas, one from the bottom Uer an respond to a trigger rate @f — 5 Hz on thermal

onet. from ha'll topdt'ler, s?aret the sarr?e a2|mu;[hal .d" noise. ANITA has a trigger efficiency ef 50% at
rection while adjacent antennas have overlapping 5.40y and is fully efficient neafoy, whereoy is

bea“.“s-_ The sep_araﬂon between the tiers prow_desthe Gaussian standard deviation above the thet
the timing baseline necessary for reconstructing

- . . noise root-mean square voltage.
the incident angle of the arriving pulse. The in- . o
strument operates over a rangeddf — 1.2 GHz, ANITA also has subsystems for providing timir

and over these frequencies the antennas have a di&"d orientation. A Thales ADUS differential GP

rectivity gain of9 — 11 dBi which corresponds to system provides not only timing and location, t
a full-width-half-maximum beamwidth of 45°. also instrument attitude. Four sunsensors, two
There are 8 additional vertically polarized anten- C€lérometers and a magnetometer offer an in
nas placed between the second and third tiers PEndent orientation measurement.

which provide broadband monitoring and are not

involved in triggering. Flight Overview
The RF signal is processed through high- and low-

pass filters and amplified- 75 dB to travel to  ANITA launched on Dec 15, 2006 from William
the main electronics box where triggers are formed fig|d, Antarctica and flew for 35 days before te

itizer, and the other half to the trigger. The signal 5t 8458 S, 22.28 W and was subsequently re
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ANITA Horn Antennas, Receivers, Trigger, & Digitizers

N Sampling Unit for |

mmmm e m e ' Radio Frequencies |

! 200-1200MHz ! 200-1200MHz *vav— (SURF, 9 total !

' Bandpass filters ' ' Bandpass filters gRFin ¢ CPU |,

— T ] @ chan +| | & Pt |:

i AV\I"N\" i ' clock | |2 mbg:l?er !

' N | le @ 26 GHY |5 :

v . | . & [ §[9}|2§ sample 8 oMo |

| () « « o o |CNTRL[:

’ Local Data |,

T”QQW Archive |!

((@D unit !

T 11 |

||| 1 T :

! amplifier : > Trigger Unit for Radio '

' (E—E.lage) ! ' splitters c E X8 total | E— Fraquencies (TURF) |

32 total, Y- iR ! ! SH [ {inputs from all SURFs) !

_ri adio Freguency ! ] ,
Quaq ru?lged dual Gonditioning Module ' ~ SURF: Single antenna

polarization horns h 3 of & coincidence !

200-1200MHz (RFCM) : ot ——— |

Faraday Housing Hybrid combiners s TURF: Multiple-antenna '

(H+V to LCP/RCP)

quad-band dividers+

) coincidences, global trigger
squara—law detector diodes

ANITA main instrument, Faraday Housing

Figure 1: The primary ANITA RF subsystems.
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Figure 2: The ANITA '06-'07 flightpath, begin-
ning at McMurdo traveling counter-clockwise for

v

covered in full. The flightpath, shown in Figut
2, is an anomaly in the LDB program because
the off-pole centering of the south polar vortex, t
annual wind pattern that allows balloons to orl
the continent. Although ANITA did not fly ove
east Antarctica where much of the deep, cold

of Antarctica resides, Figure 3 shows that ANI1
passed over ice of average depth greater than 1
the average ice depth within ANITA'S horizon we
~ 1.2 km. At float, ANITA was~ 36 km aloft,

with an average distance to the horizon of 6
km, thus instrumenting- 1.5x10° km? of ice for

radio attenuation lengths on the order of 1 |
[7]. The path and large horizon distance cau:
ANITA to spend substantial amounts of time

view of bases with high RF noise, including Mi
Murdo, Admundsen-Scott South Pole Station, ¢
the West Antarctic Ice Sheet (WAIS).

Instrument calibration was performed during t

3.5 orbits and terminating 360 km from the South flight using ground and payload based transn
Pole. The path data is taken from the Columbia ting antennas. Upon launch and during the fi

Scientific Balloon Facility’s Support Instrument

return to McMurdo, pulses were sent from surfs

Package GPS data. An example horizon of 600 km horn antennas identical to those in flight, and frc
at float is indicated in dotted lines and the thin (red) dipole antennas lowered into boreholes at b

contour line indicates where the ice is 2 km deep.

Williams Field in McMurdo and a field camp ¢
Taylor Dome. Analysis of these pulses shows t
ANITA has a pointing resolution in elevation ar
azimuth of(A8, A¢) = (0.4°,1.7°). Throughout
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Figure 3: Ice Depth vs. Time for the 4 ANITA 1S0F
orbits; the average ice depth of 1761 m is shown 100 E L L L

as a dotted line. The depth data is taken from the oo time, doe from ounh
BEDMAP project[8]. The pale and darker grey

lines above the depth plot indicate the times for Figure 4: Top: Average measured power over:
which McMurdo and the Amundsen-Scott Station full ANITA bandwidth vs. days in flight. Bottom:
were respectively within 680 km of ANITA. After ~ Zoom-in on a quiet portion of the flight. The mo«
01/05 ANITA operated with a reduced duty cycle. ulation is due to the diurnal change to the solar

gle.
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the flight, the four deck-mounted bi-cone anten-
nas pulsed periodically, allowing a system check References
through the entire flight.

The ANITA instrument, particularly the RF sys- [1] K. Greisen, End to the cosmic ray spectrun
tem, performed well during the first three weeks Phys. Rev. Lett. 16 (1966) 748-750.
of the flight. When not within view of an inhab- [2] G. T. Zatsepin, V. A. Kuzmin, Upper limit
ited base, the effective antenna temperature was  ©f the spectrum of cosmic rays, JETP Lett.
Tun: ~ 180 K, which corresponds well with the (1966) 78-80.

beam average of the ic@, ~ 240 K, and the sky, ~ [3] G- A. Askaryan, JETP 14 (1962) 441.

T ~ 10 — 20 K (see Figure 4). In the latter part [4] D. Saltzberg, et al., Observatlon. of tf
of the flight, ANITA operated with a reduced duty askaryan effect: Coherent  microwa

cycle due to an intermittent fault. cherenkov emission from charge asy
metry in high energy particle cascades, Ph

Rev. Lett. 86 (2001) 2802-2805.

Outlook [5] P. W. Gorham, et al., Accelerator measul
ments of the askaryan effect in rock salt:
ANITA stands to reportimportant results regarding roadmap toward teraton underground neutr

the flux of UHE neutrinos when data calibration detectors, Phys. Rev. D72 (2005) 023002.
and analysis are complete. Planned future flights [6] P. W. Gorham, et al., Observations of tl

that will presumably not suffer the same flightpath askaryan effect in ice.
or reduced livetime of this initial flights will also  [7] S. Barwick, D. Besson, P. Gorhan
increase ANITA's sensitivity. D. Saltzberg, South polar in situ radic

frequency ice attenuation, J. Glac. 51 (20(

This research is made possible by support from 231-238. )
NASA and the Department of Energy Office of [8] M. Lythe, D. Vaughan, et al., A new ict

Science High Energy Physics Division. Special thickness and subglacial topographic model
thanks to the National Science Foundation, the  antarctica, J. Geophys. Res. 106(B6) (20(
staff of McMurdo Station, and the Columbia Sci- 11335-11352.

entific Balloon Facility.

1444



