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Neither origin nor acceleration
mechanism known for cosmic
rays above 101° eV

A paradox:
— No nearby sources observed

— distant sources excluded due to
process below

Neutrinos at 1017-1° eV
required by standard-model
physics
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Ultra High Energy Cosmic Ray Spectrum, 2005

:I ) I ) 1 ) 1 I 1 ) 1 ) I L) 1 L) ) I ) ) ) ) l ) I:
103 E o Yakutsk El
: % . % Haverah Park 3
104 E Yog. A Fly's Eye E
F % OAGASA (old) 3
1000 2% DAGASA (new) -
o BB % HiRes 1&2 .
100 -':;::;:/-,. - K : E_
OF > E
- G GZK v 1
PPEN
1 E . N E
= galactic CR NN 3
- — D[ ||V i
0.1 ¢ ! "\,:"_;T-'\_,.\ 3
0.01 | ; Lf Vil
! vy

E— ViR

Vi

0.001 : extragalactic \'\;‘ iy
' Vi

O-OOO‘I 1 1 I 1 1 1 1 I 1 1 II 1 I 1 1 1 1 I 1 1 1 1 I \{ '.].

17 18 19 20 21

log (Primary Cosmic Ray Energy, eV)



Radio Observation in dense media
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Cascade: ~10m length

1960’s: Askaryan predicted that the resultant compact cascade
shower (1962 JETP 14, 144; 1965 JETP 21, 658):

« would develop a local, relativistic net negative charge excess
« would be coherent (P, ~ E?) for radio frequencies
e for high energy interactions, well above thermal noise:

» detectable at a distance (via antennas)

e polarized — can tell where on the Cherenkov cone

Challenges in Radio Detection, Detector R&D WS @ FNAL
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In the last decade or so... radio

detection techniques finally flourishing

1. Radio Detection of UHE neutrinos

2. ANtarctic Impulsive Transient Antenna (ANITA)
3. Serendipitous observation of UHE CR

4. Tera-ton Initiatives (the last shall be first)
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Detector Energy Scales — the tonne

G. Varner -- Challenges in Radio Detection, Detector R&D WS @ FNAL
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Detector Energy Scales — the MT

MEGA-DETECTORS

Thinking big: the next
generation of detectors

The conference on the Next Generation of Nucleon Decay and Neutrino Detectors
looked at the development of new, large-scale detectors. Alain de Bellefon reports.
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Detailed schematic of a second generation detector. Hypar-Kamickande & megatonne water Cherenkov detector, is proposed as s
successor to Superfamiokande. Itis locsted st Tochibora, 8 few kilometres from the Kamioka site.

Pushing bounds
of civil
construction
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Detector Energy Scales — the GT
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Detector Energy Scales — the TeraT
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Goldstone Lunar Ultra-high energy
neutrino Experiment (GLUE)

* PRL 93:041101 (2004) limits
published
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Design for discovery of GZK v flux

Huge Volume of solid, RF-transparent medium:
Antarctic Ice Sheet

Broadband antennas, low noise amplifiers and
high-speed digitizers to observe them

A very high vantage point, but not too high nor
too far away

The end result: ANITA (balloon altitude)

G. Varner -- Challenges in Radio Detection, Detector R&D WS @ FNAL
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balloon

cascade produces
UHF-microwave EMP

ANITA concept

at ~37km altitude

antenna array

?/ on payload

earth
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Effective “telescope” apertur
« "250km3sr @ 1018eV S
- 710* @ km3 sr 101° eV
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Aradio “feedhorn array” for the Antarctica Continent

Flight Payload Design

~7.5m

ANITA |
directional '
PV array
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o sun rotator
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SIP omni directional
PV array

two 8 horn

/_f clusters

charge controller
and batteries

SIP

(folds in)  janding frame
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~5m

ANITA electronics

16 horn cluster

1 rR&D WS @ FNAL

~320ps |

Measured |

haller

e Quad-ridged horn antennas provide
superb impulse response & bandwidth:

C

(200-1200 MHz) 2
>
 Interferometry & beam gradiometry ©
from multiple overlapped antenna
measurements 13



Major Hurdles

* No commercial waveform recorder solution
(power/resolution)

e 3o thermal noise fluctuations occur at MHz rates
(need ~2.30)

allenges in Radio Detection, Detector R&D WS @ FNAL

- Without being able to record or trigger
efficiently, there Is no experiment
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Strategy: Divide and Conguer

Cherenkov
cone

Trigger

QR horn
UHE D] |GHz BW
(

U ]
interaction\f % RF antenna 02 14 GHZ) l

o ElectroMagnetic

shower

——= {0 Global Trigger

—= to Data Collection

Freq (GHz) = hold
High—speed low—power
Sampling ADC
~(GSals ~MSa/s

e Split signal: 1 path to trigger, 1 for digitizer
e Digitizer runs ONLY when triggered to save power

Three key technologies:

1. Very low-noise (low power) amplifiers
2. Efficient, thermal-noise limited triggering
3. Low power, Gsa/s waveform sampling

Challenges in Radio Detection, Detector R&D WS @ FNAL
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Diode detector Response
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Hierarchical triggering

e Event most likely West Antarctica camp noise

e Triggers:
— Yellow, L1: impulse above thermal noise for an individual antenna; ~150 kHz
— Green, L2: coincidence between adjacent L1 in the same ring; ~40kHz
— Blue, L3: coincidence between L2 triggers in same phi sector; ~5Hz
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Switched Capacitor Array Sampling
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QOutput Code
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A solar powered, airborne &

(example Trigger Type = 1 shown)
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ANITA-1 pieces

“instrument paper”
arXiv:0812.1920 [astro-ph]

Solar cells for NASA equipme

32 Quad-ridge horn antennas
- 200 MHz to 1200 MHz
- 10 degree downward angle

8 low gain antennas to moni
payload-generated noise

ANITA electronics box

Solar panels for science missi

ges in Radio Detection, Défector R&D WS @ FNAL
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Flight sensitivity snapshot (preliminary)
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payload time, days from launch

T anti-correlated to altitude:

e higher altitude at higher sun angle

e sun+GC higher =» farther off main antenna beam

ANITA sensitivity
floor defined by
thermal (kT) noise
from ice + sky

Thermal noise floor
seen throughout
most of flight—but
punctuated by
station & satellite
noise

Challenges in Radio Detection, Detector R&D WS @ FNAL

Significant fraction £
(>40%) of time =
with pristine °
conditions .



Quiet, but are we sensitive?

Ground pulser

Bore hole pulser

Ice 80m thick
and messy

G. Varner -- Challenges in Radio Detection, Detector R&D WS @ FNAL
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Validation data: borehole pulser
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Pulse Phase interferometry

A. Romero-Wolf (Hawalii)

Ultrawide-band Interferometry

-Interferometric technique applied

by radio astronomers.

-They use single narrow band
frequency.

-More interested in source

imaging rather than point source

direction reconstruction.

Produce Ultrawide-band Interferometric Images with ANITA
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ANITA Event
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After full calibration — 100’s km

AMITA Flight Path

Gmound Pulser Events Recon. Perod

<30p3 ti m i ng 2 Reconstructed RF Souce Position

RF Projection onto the surface
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ﬁ === L Of Surface

2" assumption surface

Fast Algorithm: Line Sphere intersection
1* R_ ., =Geoid + Surface @ Ballon position -> Rough Projection
2 R, .. = Geoid + Surface @ (position from 1%) Black 15Tan

3" one more iteration -> converged after 2™ iteration Wi Iy kamg
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Cosmic Ray Pulse _ A50 MHz Signal 1150 MHz Signal
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A. Vieregg (UCLA)

Event 3478716™
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- Summed Power Spectra, V
- Filtered at 458 MHz
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Cosmic-Ray Candidate Event Locations
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ANITA-1 Neutrino Flux Model Expectations and Constraints

Phys.Rev.Lett.103:051103,2009

Model & references predicied &,  CL% 107 L |'rl-nir:a|: ' ,?,_I_; ,x».!mnl.-,—?:'mﬂl e
Barsaline RZ models 108 {all flavors,1:721) & RICT - 2006
Prtherce & Jomson 1996 [21] 072 19,7 ' " L e
[ngel. Seckel, Stanev 2001 [11] (.12 s e G\ #  FORTE-2004
. ) - o HiReg- 2004
Barger, Huber, & Martatia 2006 |21 .28 A1k L il ANITH— 2008
Mg sourco cvofution B madals :" e
Engel, Seckal, Stanev 2001 [11] (.39 323 L
Kalashey a a! 2002 [23] 103 T
Aramo ef 24 2005 [26] 1.04 B4.C E 10
Barger. [Tuber. & Marfatia 2006 [29] (.89 56.5 'Ea 1
Yuksel & Kistler 2007 |28] (.36 12.8 = o1
EF Models that samrate all bounds: s GIK v Madels: - “e
L .+ woturaled 7%
Kalashev o al 2002 (23] 101 43,99 0.01 g
Aoy ed 2l 2L [26] q.00 - 9998 103
Waxmman-Bahcal! fiuxes: .
Wasman, Bahcall 1HYY, evalved sources [14) U6 b
Waxmen, Bahczll 1999, stancard [12] 027 23.7 10

log, fneuiring energy =) GeV

Warning!!! Log Plot!
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99.99+% of triggers:

Incoherent thermal noise

Control Raw data Flight data DB data Help ‘

Current UTG:  2007-02-23 00:22:19 Trigger Condition Disk Space [ME] Voltages [Volts]
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Event us: 21983 Type: Trig_RF L3Type : . usbint0 | 3 gy -12V:
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How to “go big” ?

e Salt
— Salt domes

e |ce
— Insitu (RICE - AURA - IceRay—>ARA)
— Overflight (satellite) [high threshold]

e Silica sand
— Lunar regolith (GLUE) [high threshold]

G. Varner -- Challenges in Radio Detection, Detector R&D WS @ FNAL
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Askaryan Radio Array (ARA)

Askaryan Radio Array

CLEAN AIR
SECTOR

South Pole
Operation zone

~" Power/comms cable / Runway
® Power/comms/calib. station
® Testhed station
< Production Station |




Cluster Station

50-70 m  Trigger processor /VTO DAQ/power hub

Downhole configuration

DAQ housing

Vpol
antenna

Hpol
antenna

[}

Lower antenna
pair

Calibration
antenna




ARA Readout Electronics

String Ceontroller (1 of 3)

Cluster Controller

————————————————

Central Station

————————————————

Waveform Sampling \ \
ASIC (IRS) Power Power S - Power
Trigger/Control | E E
LNA E SSA ? cTRL  FFOA uplink upli : Cluster Trigger | |
' || State | - | String 1 ! |
| i ~—— Machine | |dnlink dlink ! .| ARADAQ
| <fCls RefCll | uplink;
e |1 o] fring 2 : !
E Hhresh DACs WL peep R R o - Array 'Trig
LNA | SSA — — DT |
| e _| ' ,L String 3
}M—@:\/Hﬂ- I_-_“-'?C-'tDHlEh E [ : I
| asa Log Amp | WP High TD Low Deep RAM ! | Control/SEQ | - TeeCube
A : T i : o !
W@“_F yd L s _ | GPS/Timing | | |
! _spli —=~ TD Low . — i
! Ri—splt Fan—cnit E Ioterface

— First (test station) this season

________________

1 —of-N Clusters

e Uplink bandwidth (~=1Mbit/s [wireless])

________________

— 1 detector station each of next 2 seasons after (building more)



Neutrino Flavor/Current ID

A

— ~2 km————

primary
vertax

secondary
showers -

1018 eV vlLl

Charged/neutral current & flavor ID possible on subset of SalSA events

Charged current

Neutral current

(SM: 80%) (SM: 20%0)
25%0 hadronic + Single hadronic
75% EM shower at shower at
primary vertex; LPM | vertex

on EM shower

25% hadronic at
primary, 2ndary
lepton showers,
mainly EM

Single hadronic
shower at
vertex

Radio Detection, Detecton R&D WS @ FNAL

25% hadronic at
vertex, 2ndary
lepton showers,
mainly hadronic

€S 11

Single hadronic’
shower at
vertex

Challeng

Varner -1

G

At least 20% of GZK CC events will get first order flavor ID

Detailed initial studies — looks very promising [BLAB ASIC — 64us deep 37
version of LABRADOR makes possible [NIM A591 (2008) 534]



Directions for future Det R&D
Low noise amplifiers

— Lower noise figure, lower power -Iigl

Better triggering
— Improve on tunnel diodes?
— Real-time noise correlator

Deeper waveform sampling

— Already at ~100us analog storage
— Higher frequency?

Lower power!

— Solar, wind, ???

— Autonomous, robust comm links
— Design for manufacture**

G. Varner -- Challenges in Radio Detection, Detector R&D WS @ FNAL



Why keep going on about power?!?

Antarctic

Peninsula m
b {
8 =

(( ;-50uth Pole ““\1
] |
N/
t
M uﬂﬁf

G. Varner -- Challenges in Radio Detection, Detector R&D WS @ FNAL
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summary

Radio Detection has a bright future:

o Further discoveries will depend upon
evolutionary improvements in the
basic instrumentation

e Interesting problems with much
overlap in other fields

 “Funding problems” are often mass
manufacturing or operations cost
Issues — room for further ‘enabling
technologies’ (it took 50 years for
radio to get going... simply “scaling
up” Super-K a good idea?)
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events

100

10

UHE CR Energy Estimate

ANITA Cosmic Ray Energies and Sky Map

.=—| | :  Mean - Heﬂectelda
= P’ﬂjwhﬁ ==[irect =
i :”-xLl —Best Fit _
. L Model -
- -20 +20 .
IIHHHJ M=

arxn:1005.0035v2 _
‘Il II 1 III I IIIIIII‘
1:}1& 1019 ']GED 1[:.21

enerqy, eV

Event
energies lie
around the
GZK cutoff
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Cosmogenic Neutrinos

1018 eV neutrinos predicted by many acceleration and
Interaction processes at source locations

— Observations, interaction physics suggest ultra-high energy
cosmic rays will interact with the CMB to produce neutrinos

Berezinsky & Zatsepin, 1970, REQUIRE 1018 eV neutrinos
— Lack of neutrinos could mean

L I B B T
e UHECRSs are not hadrons (?!) ! Worid UHECR Botaz = 1o ot
= Lorentz invariance wrong (!') A QNS Loe)
. nwo o nx n HiRes 1&2 mono ]
e New physics... . 15 & Auger 2007
P B o P
Expected fluxes are small 5 P N =
— 1 neutrino per km? per week! 5 st ]G, | 10
o — 3 [<5)
% : Extra 3% ©
- [a
\"‘._l_J’ : galactic o>
g f-“L -o(qn—")
B a5
-10 | g 8
I1|7‘”II1|8IHIW‘QHIIZ‘O“IIZHII

log (Particle Energy, eV)

G. Varner -- Challenges in Radio Detection, Detector R&D WS @ FNAL

N
w



1962: G. Askaryan predicts coherent radio
Cherenkov from particle showers in solid
dielectrics

— His applications? Ultra-high energy cosmic rays &
neutrinos

Mid-60’s: Jelley & collaborators see radio
impulses from high energy cosmic ray air
showers

— --from geo-sychrotron emission, NOT radio
Cherenkov

— Renewed interest: LOPES/Codelema

1970-2000: Askaryan’s hypothesis
remained unconfirmed

2000-2001: Argonne & SLAC beamtests
confirm strong radio Cherenkov from
showers in silica sand

Salt (2004) & ice (2006) also tested, all
confirmed

number of model shower particles {et + e7)

o]
¥
—
lo]

4x10%

210°

Cherenkov pulse power (arb. units)

A great idea that took a while to catch on

shower depth (rodiation lengths)
10 20
T

measured peak field strength (V m-T)

ol

100 200 300 400
distance along shower axis {cm)

Saltzberg, et al PRL 2001

L LLL) B R LLL) I L B N LR REEL NN R R L |
SLAC T464 June 2002

y—ray showers in rock salt

17T R W RTTTT| A W RETT| MU W ETTT EERrWE T |
1018 1018 10% 1018 101
electromagnetic coscade energy (eV)

Gorham, et al PRD 2004

G. Varner -- Challenges in Radio Detection, Detector R&D WS @ FNAL
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Particle Physics: Energy Frontier

4 ) WS @ FNAL

e GZK v spectrum is an energy- - I B
frontier beam: ] :
arge extra
106 dimensions —~
— up to 300 TeV center of 3 5

momentum particle physics T E
o 1t __‘,.Std."i"nodel i
— Search for large extra dimensions | ;
and micro-black-hole production 103 GZK v 2
at scales beyond reach of LHC _ f
2 g Anchordoqui et al. Astro-ph/0307228 1
10 1 IIIII.I.I| L III.I.I] 1 llllu.l] 1 IIIIIIIl I Illlu.lj 1 llllll.l] 1 IIIII|.|| IE

] v Lorentz factors of y=1018-21 109 108 010 0l%

E, (GeV)

G
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Particle Physics:

GZK neutrinos are the
“longest baseline” neutrino
experiment:

— Longest L/E (proper time) for:
sterile v admixtures &
anomalous v decays

e SUN: L/E — 30 m/eV
e GZK: L/E ~ 10° m/eV

Measured flavor ratios of
Ve: V. V: can identify non-
standard physics at source

Neutrinos
"Normal" hierarchy
Arr122
3
(atm.)
A (LI
n CEeTy
(solar)
CVelV, iV,

(1:1:1)! (5-6):1:1

Neutrino decay leaves a strong
Imprint on flavor ratios at Earth

G. Varner -- Challenges in Radio Detection, Detector R&D WS @ FNAL
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@ FNAL

Cherenkov polarization tracking

Cerenkov cone

e Radio Cherenkov:
polarization measurements
are straightforward

etector R&D WS

plane of
polarization

s e Two antennas at different
parts of cone:

S — Will measure different
projected plane of E, S

r -- Challenges in Radio Detection, D

Cherenkov radiation predictions: — Intersection of these
e 100% linearly polarized planes defines shower &
e plane of polarization aligned track
with plane containing Poynting
vector S and particle/cascade
velocity U

G. Var

N
~
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Polarization tracking

“SerciorrRaD WS @ FNAL

— Ip0|hl"iZIC|tiCI)n I(.'j(‘.ltlf.'Il l I I I I I I I I ' I ' -
: : 1 1 I 1 1 1 I 1 1 1 I 1 1
. — > . —~ =
- - =7 =7 2 - ] 8 I SLAC T460 June 2002
- o> > = 18 L RF data: 0.3—1.2GHz
- N i iE
_ 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 ] 8 B _3
R 1 I 1 1 T 1 I T T T T I 1 1 T 1 I T i % ~ _5
C ] o O~ N
— measured amplitudes — O B 1
5 1 8 0 =
— EGS simulation - g_ i / e
L T . B 1=
[ ] s -10 In
N ] § - calculated from beam geometry —1:__-;,
- ] | B _B
- . Ll - —-=
: : 1 1 I 1 1 1 I 1 1 1 I 1 1 §
- 3 -20 0 20 3
r 3 antenna offset from beam axis (cm) |
0 50 100 150 e
antenna longitudinal position (cm) g
O
e Measured with dual-polarization embedded bowtie
antenna array in salt 48



Trigger/Digitizer Specifications

Al

= Cherenkov

cone

QR horn M
IGHz BW

Trigger

Freq (GHz) ~ hold

——= to Global Trigger

Varner -- Challenges In Radio Detection, Detector R&D WS @ FNAL

UHE = D] 7
in‘remg‘rion % an _31.1m(“-2*1-2 GHz) l> . i
° gl \ Elgﬁgagagil;tict Hsliﬁlgllljr?;d 1OWA]F))%TNer ——= to Data Collection
~GSa/s ~MSa/s

Split signal: 1 parameter quantity |comments
path to trigger, # of RF channels 80 32 top; 32 bottom; 8 monitor; 8 veto
1 for digitizer 2 |Sampling rate 2.6 GSal/s |> Nyquist

= Sample resolution > 9 bits |3 bits noise + dynamic range

: c |Samples per window 260 100ns time window

Use multiple @ |# of Sample buffers 4 multi-hit + extended window
frequency @ Power/channel <1W excluding LNA, triggering
bands for # of Trigger bands 4 0.2-0.4; 0.4-0.65; 0.65-0.88; 0.88-1.2GHzs
trigger « |# of Trigger channels 8 per antenna (4bands x RCP,LCP)

% Trigger threshold <=2.3c |operation down to ~300K thermal noise
Digitizer runs .2 |Accidental trigger rate <5Hz |attarget Trigger threshold 49
ONLY when — |Level2 Trigger latency ~50ns |to issue Hold signal

triggered to
save power




ANITA as a neutrino telescope

Pulse-phase interferometer (150ps timing) gives
intrinsic resolution of <1° elevation by ~1° azimuth for
arrival direction of radio pulse

Neutrino direction constrained to —<2° in elevation
by earth absorption, and by ~3-5° in azimuth by

G. Varner -- ChallengR@hatidRtiRRa0g Betector R&D WS @ FNAL 50



log(particle or photon enerqgy, eV)

25

N
o

w

(=)

Neutrinos: The only known messengers
at PeV energies and above

L galaxy

local group N
Nearby clusters N

IIIIIII | IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| | IIIII|_|J

LY LI lllllll il ,-l I._l.1ll‘!| I_-r'},-l lllll-l I'_.'.I '_l'_l,u,ll

(3K bkg)

py—=>A-m->v

© .+ nphotons ar”

| highest observed y energy

photons

AGN & QSOs I
cosmology

e ,,""Reglon notobservable

e _r_.Charged partlcles

T FTTH
'y . -l‘J

0.01

0.1

1 10 102 103 104
Observable distance (Mpc)

Photons lost above 30 Te
pair production on IR & pwav
background

Charged particles: scattere
by B-fields or GZK process at
all energies

Sources extend to 10° TeV !

=> Study of the highest
energy processes and particle
throughout the universe
requires PeV-ZeV neutrino
detectors

To guarantee EeV neutrino
detection, design for the
GZK neutrino flux

&% WS @ FNAL
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log(Receiver Voltage)

0.1

0.01 E

1073 k

o
»

o
&

<
M

Estimated SalSA Energy threshold

é Pev

10 102
log(distance, m)

102

Ethr < 300 PeV (3 x 1018 eV)
best for full GZK spectral
measurement

eRction, Detector R&D WS @ FNAL

Threshold depends on averagez
distance to nearest detector a@d

local antenna trigger voltage &
above thermal noise ;
— Vnoise = k T Af g
— Tsys = Tsalt+Tamp = 450K £
(1 Af of order 200 MHz ;5
225 m spacing gives 30 PeV g
)

Margin of at least 10x for GZK
neutrino energies
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E (V/m)at1m

log4g (VE) VIm/MHz at 1m

Ultra-wideband data on Askaryan pulse

frequency, MHz

2000 & 2002 SLAC
Experiments confirm
extreme coherence of
Askaryan radio pulse

60 picosecond pulse
widths measured for
salt showers

Flat spectrum radio
emission extends well
into microwave
regime

Challenges in Radio Detection, Detector R&D WS @ FNAL
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9 x 260 samples = 2340 storage cells

LABRADOR(3) architecture

SCA bank: 4 rows x 260 column

Wilkinson ADC

—= D>

< G| S G| S &
S5, | Soy | S5 | S5y | 5oy |55,
4 RF T T T T T T
N
inputS 0 0q |00 |00 |00 |00 [0
00 O R e Y e
e e s o o e 12
timin il il il il il +
contre! v Convert all 2340
S5, | Soy | S5 | B0y | 5oy |55,
T T T T Tl T | - llel
Y O I N et Samples In paraliel,
5, |55, | o5 |5, |56y |5,
SRE_ 1 T 2 3 3 T T transfer out on common
inpUtS D09 |00q |00 |00 |D0q |DOq _ -
I T T I T I 12-bit data bus
R R e e B
T T T T Tl T
S e T T
2

o<
=
=
g
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Large Analog Bandwidth Recorder and Digitizer
with Ordered Readout [LABRADOR]
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Sampling Unit for RF (SURF) board
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(SURF = Sampling Unit for RF)
SURFV3 BOard (TURF = Trigger Unit for RF)

J4 to TURF J1to CPU

Flies in space — all
components heat sunk
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Cosmic Ray Identification
Polarization Correlation to Geomagnetic Field
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Correlation of Polarization Angle
to Geo-Magnetic Field Angle
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ANITA 2 Improvements

I AGAP Survival test (fast rotation = 2 phi sectors/min) I

15—

“Dynamic Phi-Masking” /

— Active suppression of phi-sector readout during
transit over noisy areas L
e McMurdo, South Pole, etc oLt

— Automatically activated Time of Day (18-DEC-08)
8 “nadir” antennas |
— One antenna shared w/ 2 phi sectors

Only trigger on V-pol
Improve T, by 40K
— New Low-Noise Amplifier
Overall energy threshold improvement:

— Factor of ~1.7

— ANITA gains as E, 2, so ~ factor of 3 event rate
increase

phi sector Mask active




Efficiency

0.5

ANITA-2

More typical flight path

Change L1 trigger
— only trigger on V-pol signal,
— 3 narrow-band channels + 1 full band
— Move preamps to the antenna (-20K)

New preamps (-20K)

New front end filters (-20K)
Faster CPU

Redundant Differential GPS

Efficiency Comparison

| e
_ o
I, E + New Shert (Optimised)
{ A Old Short (Optimised)
bpiy Old Short (2.6 MHz)
fii °
| | _ | | | | ‘ | | | | | | | | | | |
% 2 4 6 8 10

Pulse SNR

Upgrades...

.. @ FNAL

New preamp
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Digital Radio Module (DRM)

To
antenna 7, Moditied glass sphere 6 Penetrators:
4 Antennas
1 Surface cable
1 Calibration unit

Quad cable

\/ Interface

foMB —
FPGA

4 = TRACR Board I
_ DOM Motherboard

Delay Board

MB (Main board)

Communication, timing, connection to IC DAQ
infrastructure,

Al/Cu metal plate

“ROBUSTBoard [SHORT boards (2] |

FPGAl [LAB]

|

Radio Boards
UHF Sampling, Triggering, Digitizing, data
processing, trigger banding, interface to the mb

antenna _ ) .
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ANITA Level 1 — 3 of 8 Antenna

Filter Banding [MEHz]
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Filter Baneing [WEHz]

8 Trigger bits to
Global Trigger

30 - Plot of Frequency versus Signal Power to theTunnel Diode input for SHORTv 2.
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Single Antenna trigger

SINGLE ANTENNA TRIGGER HEIRARCHY

1.0-1.2

S GHz _ | L1

©

N

o .75-1.0

o GHz

a

k=)

> 0.5-.75

= GHz

&)

@

—1 0.25-5
GHz

= 1.0-1.2

2 GHz
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N
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2 75-1.0

& GHz

S

=

9 05-.75
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=

>

X 0.25-5

GHz

COINC, T -5/8
LEVEL

TRIGGER

Multi-band triggering essential
to ANITA sensitivity

Exploits statistical properties of
thermal noise vs. linear
polarization for signal

Signal: most or all bands;
noise: random

all 8 shown here -- 3 of 8 is
found to be enough
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