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Power Requirement
Level 0 Trigger:
The band power

is 2.30 above the
noise level.

Spectral Requirement
Level 1 Trigger:

3 of 8 bands pass

the LO trigger
condition.

Geometric Requirement
Level 2 Trigger:

A top or bottom

cluster has two
adjacent antennas

with L1 trigger

Geometric Requirement
Level 3 Trigger:

Top and bottom
antennas in a phi
sector have L2 triggers.
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ANITA-1 Trigger Design

Filter Banding (MHz)
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Logical Segmentation

(Example of a Trigger Type 1 shown in a given phi sector)
(Shown is an even numbered Phi Sectar)

...........
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8 outputs to
Global Trigger

Level 1 Trigger
3 of 8 bands hit

Top Cluster
L2=20af3

Bottom Cluster
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L2=20f3

Madir Cluster removed for ANITA 2006 Flight



ANITA Event Recording

SURF (Sampling Unit for Radio Frequencies)
«2.6 Gsa/s

*0.385 ns/sample

*100 ns waveform record length

«260 samples per waveform

*10 MHz spectral resolution

Pavload View

L3 Trigger
L2 Trigger
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ANITA-1 Flight Performance

.35 day flight ANITA-T Flight Path
-17.4 days live time : R e
8.2 million events
Anomalous flight path
but we did get some
good quiet data.

ANITA-1 Average Ice Depth
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Grid N/S axis (m)

Summary of UCLA ANITA-1 Analysis
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Cosmic-Ray Candidate Event Locations
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normalized field strenath
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Cosmic-Ray Candidate Event Pulses

(Instrument response deconvolved)
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Geomagnetic Field Direction

B, (uT)
B, (L T)

Extended Air Shower Tests

*CR moves towards payload.
e+ and e- always curve away
from each other due to
dominant vertical B-field.
*H-pol emission always has the
same polarization. porc® .
CR velocity CR velocity

o

*V-pol magnitude and sign

determined by the horizontal Figures: Stephen Hoover Q
. . and Eric Grashorn

magnitude of the B-field.



Correlation of Polarization Angle
to Geo-Magnetic Field Angle
A B B
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Data Driven Energy Estimation

Measured electric field model

Energy
dependence

Obliquity Roughness
factor factor

S
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1019 eV R+ Ry \ BTF‘f |
_ |
Reference Radial falloff Shower radio Magnetm Fresnel
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Free parameters

10



Relative field strength

Angular Distribution

Relative E(f) vs. angle, Lorentz y=30, a=0.3 Relative E(f) vs. angle, Lorentz y=30, a=1
‘*\ R = L e *Angular dependence:
'-'jf-f..‘j;.\‘_}\ a=0.3 s | \\ =1 -Double Lorentzian
\ .'"\,\"\\\\ ] pas:ed_ on fits to
\ WA : intrinsic synchrotron
WA\ "‘x\‘.\\ | emission (from
\ \ 1 J.D. Jackson's
AN ' ? WA\ | Classical Electrodynamics)
e e
D Rellativze E(;) vsli an;Ie, Is_ore?ntz \E(=309, oc=1:ﬂ>, Relative E(f) vs. angle, Lorentz y=30, a=5 *Overall power law
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Likelihood function

14
¥ H Pn (Rn) H pn(_An} X p(;*n"-rfﬂfﬂf_) X p(_A‘Apriﬂr_)

n—=1 n—1

* R,,= distance to specular point for each event
» A= observed amplitude vs. frequency
* Niotg)= Number of observed events (14) taken

as a Poisson distribution.
* A = reference radio signal strength for model
* Aprior= distribution function for prior observed

radio signal strength factors.
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-In L contours
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events

Event Energy Best Fit Results
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Cosmic Ray Event Sky Map

in celestial coordinates (o,0)
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- ANITA exposure lies between declination of -35° to +5°
- AUGER exposure lies between declination of -90° to +25°

- 2° error ellipses

- Véron-Cetty AGN shown in gray.
- No correlation to Auger UHECR events nor V-C AGN.

- Intergalactic magnetic field deflection still significant

for ANITA UHECR events.
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ANITA Acceptance Compared to Auger
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ANITA acceptance
increases with event
energy.

Higher exposures
could yield higher
sensitivity to
super-GZK events.

New 30 day flight
with optimized
trigger could yield
60-80 events above
1019 eV with ~10
above GZK cutoff.
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ANITA-2 Cosmic Ray Events
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Potential for a UHECR Satellite

Taurus Fairing
Envelope

Dual-polarized
LPDA antennas
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events / log,,(E)+0.05

events > log,,(E)

SCientifiC POtGI’ltiﬂ' Compare to current

gnd-based (Auger)

10¢ o — UHECR sot, 5 yrs after ~10 yrs exposure
103 00 & Auger 2016 (10 yrs)
5 yr mission gives factor
100 of 40 improvement
10 ~400 events above 100 EeV,
1 compared to ~10 by year 2016
' “'{E'm — “’1‘[',,:, " If spectrum rebounds above
300 EeV (as predicted) we
108 L ' L would see much more
; oo -8 -8--8--B--C —D——-EI——EI—% -
100 g " foctor of 40 in super—GZK ronge E Assumed .SpeCtrum 'S
S - conservative, source spectra
" i e & _____ i can significantly raise tail of
G- o~ : spectrum
= | — Add to this ~10-15% more
log,,(energy, eV) direct (eg, unreflected) events
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Conclusions

-ANITA is able to self-trigger on geo-synchrotron
cosmic ray events.

-Sensitivity to events near and above the GZK-cutoff.

Outlook

Simulations indicate that after trigger optimization a new 30 day
flight could yield 60-80 events above 101° eV and ~10 events
above the nominal GZK cutoff.

Radio detection technique could yield the next level of sensitivity
for super-GZK cosmic rays.
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FORTE Satellite

Latitude

FORTE data provides RFI map.

Could have UHECR events in the data set.
Potential for digging them out using geo-magnetic
field and polarization angle correlation.

Provides clear evidence for VHF reflections off land
and sea from lighning events.

Zo0 agn
Longitude

a
Q
Q
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voltage reflection coefficient

0.6

05

Surface Roughness Model

Fresnel-Kirchoff integral, ANITA UHECR geometry
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990MHz fit

_ Determined from

4 Kirchoff physical optics

| onroughness estimated
from Taylor dome,
Radarsat

Figure:Peteir Gorham
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events

cumulative distribution

Event probability

ANITA—1 UHECR event radial distributions

Tt Determining
PG probabilities:
”-";— Data E
1 —Use MC to generate
Fm 1 R, A distributions,
1 — -
L ! l. . ..3 number of events
° 00 A ek ° #00 from Auger spectrum
1_ 1 ] I| L
0.8 |- 1 —Use fitted
0.6 __ KS—test prob.= 0.66 _ parameters to get
04 Check to see that 1 observed event
0.2 - these distributions 3 cyeys
E are plausible E prObabI|ItIeS
U_ p—
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number of values

Prior reference amplitude
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| » Prior distribution of

reference amplitudes :
—Allan 1971: 277 or 126
muV/m/MHz
—Prah75: 64 or 29
—HF 05 (REAS27?): 49 or 112
—HEU 2008 (REAS3?): 165 or 390

—LOPES 2009 (data): 37 or 78

«“Or” comes from spectral index
used to scale to 265 MHz, two values

prevalent

| <Fit to lognormal distribution

=1

to provide a “Bayesian” prior

100 200 300 400
reference amplitude, V/m/MHz
Figure:Peter Gorham
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