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ANITA: aim and concept

Aiming for a radio detection of GZK neutrinos in Antarctica.

EM showers in dielectric generate coherent radio Cerenkov emission = Askaryan effect.

balloon at ~37km altitude

cascade produces

UHF-microwave EMP ? antenna array

-~

\/_—" on payload

"""""""""""
------
nnnnnnn

T 0.1 odE-e.__V neutrinos ., #2""

o,
\-
\-
~

refracted RF‘ TSI
R " ~700km to horizon

[

ice
cascade;s observed area:
ﬁ' 1-3 km
- 56} LN ~1.5 M square km

Cherenkov cone F

Antarctic Ice Sheet

(f <1 GHz, T< —20° C)
~Lossless RF transmission
- Minimal scattering
- Largest homogenous RF
transmissive solid mass in
the World

« Standard model GZK v
flux < 1 /km?*day 2 str.
int. probability ~0.2%/km
— need a few years even
for an 1 km? detector to
observe one.



Askaryan Confirmation: SLAC T444 (2000)
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* Use 3.6 tons of silica sand, bremsstrahlung
photons to avoid any charge entering target
— no transition radiation
« Monitor all backgrounds carefully
but signals were much stronger!

D.Saltzberg et al., Phys Rev Lett 86, 2802 (2001)
also in LANL e-print: hep-ex/0011001
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Shower profile observed by radio (—~2GHz)
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* Measured pulse field strengths follow shower profile very closely
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- Charge excess also closely correlated to shower profile (EGS simulation)
* Polarization completely consistent with Cerenkov — can track particle source

- Field intensity vs shower energy and radio frequency as predicted
= Cerenkov radio emmision Askaryan had predicted was confirmed!



ANITA Payload
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40 horn antennas (H and V
polarities) view > 27 sr with

60° overlapping beam width

Intensity gradiometry,
interferometry, polarimetry
used to determine pulse
direction & thus original
neutrino track orientation

Angular resolution:

0.5° for elevation and 1.5° for
azimuth (for radio pulse),
~2°and 3~5° (for neutrino)

weight ~1,600 kg,
total power ~1.0 kW



Antarctica long duration balloon flight

e ANITA to be launched in Dec. 2006 for a
circumpolar LD flight

e Power source (the Sun) is always up

* Nominal latitude of 78°S (ranging 73°~83°S)
and 35km altitude

- ~1500m average ice depth under the
track

~4km deep!

~——"" All LDB flights
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Neutrino Limits and Potential Future Sensitivity

Topological
deﬁa cts

A 3flights
'\ (total 45 days)

2 10 15

log[neutrino energy] {GeV)

GLUE limits v & v,

— ~120 hours livetime

RICE
— 3500 hours live time

FORTE

— N. Letinen et. al.
PhysRevD64 ('04) 013008

— 3days satellite data over
Greenland ice sheet

ANITA

— Sensitivity based on 2
independent MC.

— assuming three 15 days
filghts



Record breaking CREAM flight in 2004-5 season

CREAM Flight Data: Trajectary
Covering period from: 2004-12-14 23:22:586 to 20056-01-27 02:00:31

- Circled South pole
3 times.

472 days flight broke
the previous record

- prev. record =
32 days set by
Tiger flight in
2001-2 season

Current Speed: 17.2 knots
Current Course: 128.1°

: Current Altitude: 135258.7402 fest
Current Lat; -71°17°3.727 Current MET: 41 days 21 hrs 31 mins 30,7583 sec since launch
Current Lon: 157%52°647 Current Time: 2005-01-27 02:00:31 UTC



ANITA recent activities

 Detector developement

- testing and characterizing antenna in anechoic chambers in UH
- finalizing gondola design details
- developing a special high speed/density, low power circuitry

» capable of >1 GSamples/sec digitization and multi frequency triggering

* multiple event buffering to reduce dead time and ensure detection of
possible "double bang" events

* 80 input channels (plus trigger, hk., etc.) in one 20 slots cPCI crate
e Detailed MC simulations

— reveiw redio generation processes
— include details on the ice surface (firn layer, sastrugi)

 ANITA-lite balloon flight
- piggy back to Tiger flight over Antarctice in 2003-4 season

- measured radio noise in a real balloon flight situation



GPS Altitude - TIGER/ANITA (527N)
Dec 17, 2003 - Jan 3, 2004
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* 18days flight to measure in situ
noise around South Pole.
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e 2 antenna, electronics, and PV
arrays piggy back to Tiger
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-- Rl e gained extremely variable
launched on 17-Dec experiences and useful data for
’ ANITA flight.

A - Antarctica is very quiet in radio!



ANITA-lite photos
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(£30K systematic error)
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« Antarctic Thermal noise measurements

o« ANITA-lite antenna beams: ~m sr each

« measured broadband UHF noise

- Data consistent with galactic+solar+kTi.
« Solar contribution clearly seen (above)
« Antarctica still among the quietest places on earth in radio frequencies

« Results crucial to ANITA progress!



Calibration timing (preliminary)
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ANITA goal: 300ps at ~30
trigger threshold

ANITA-lite already 50% better
Critical to pulse interferometry



Summary / Future

ANITA started in Oct. 2002 (funded by NASA)

— Aim to detect GZK neutrinos with coherant radio Cerenkov pulse from
Antarctica ice sheet

ANITA lite (noise measurement flight) flew in 2003-4 season
— Data analysis close to completion and v flux limit comparable to RICE's

— Antarctica is very quiet in radio and no noise problem for full ANITA

First full ANITA launch scheduled in 2006-7 season
- Engineering flight from Ft. Sumner (NM) in this fall

Goal: 30 day first flight and solid constraints of GZK v flux

- Hoping for a longer flight and real measurements of the flux

— More stringent constraints on other (much higher flux) models:
TeV scale black holes, AGN neutrinos, topological defects

GZK neutrino detection within reach!



