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Why so Hard?? The Flux Problem

- At E>10720...
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Detector Energy Scales — the tonne
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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.

1" 17 Ll

Detailed schematic of 8 second-generstion detector. Hyper- Kamickande 8 megatonne water Cherenkov detector, is proposed as &
successor to Superfamickande. [tis located st Tochibora, a few kilometres from the Kamioka site.

Pushing bounds
of civil
construction



Detector Energy Scales — the GT

IceCube Lab

30m|

lceCube

1450 m |

2450m |
2820m

=

lceTop

80 Strings each with

2 lceTop Cherenkov Detector Tanks
2 Optical Sensors per tank

320 Optical Sensors

2004  Project Start 1 Hole
2009 Current Status 59 Holes
2011 Projected Completion 86 Holes

IceCube In-Ice Array
86 Strings, 60 Sensors
5160 Optical Sensors

Deep Core
6 Strings - Optimized for low energies
360 Optical Sensors




Detector Energy Scales — the TeraT
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Radio Observation in dense media

v e W e W e W e ) v
----------
“““
-----
“““““
-----
“““““
---------
00000
00000
00000
0000000
00000
00000
00000
.....
ooooo
00000
ooooo
.....
ooooo
00000
ooooo \
ooooo \
P S T A M )
00000 \
ooooo
ooooo \
- D - - y

= ==
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
o for high energy interactions, well above thermal noise:

» detectable at a distance (via antennas)

e polarized — can tell where on the Cherenkov cone



Goldstone Lunar Ultra-high energy
neutrino Experiment (GLUE)

* PRL 93:041101 (2004) limits
published

—19 tl AMANDA

| \l*-k
neutrino L

RICE'03

~—
enters 7
moon L
- L
T L
i3]
8 —15 -
E I
]
Rt
cascades are — L i
detectable over this region Ll
& —
Lo
| -
o L
= E j’ L]
20  / FORTE'03_|
Z burst
Greenland Ice | -
R ——=—- Actlvo galaxiks \
( i - —— Topologlcal Defacts i -

FORTE Satellite !
'''' = GZK maximal y

C | I I I | I |.! I | : L]
5 10 15
log[neutrino energy] (GeV)
Radio Ice Experiment (RICE)

@ South Pole

10
* Astropart.Phys.20:195 (2003)

« PRD 69:0133008 (2004)




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)
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ANITA concept

balloon at ~37km altitude

cascade produces
UHF—-microwave EMP
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antenna array

?/ on payload

earth

refracted RF it _
et ~700km to horizon
ice S
cascades . 7 observed area:
—_ B 1-3 km
T 5.'\3\ ~1.5 M square km
N Cherenkov cone
‘?OOO T T T T [ T T T [ T T I
B Radio Echo measurements
B Amundsen-Scott Station
e i S. Barwick et al. 2004
Ice RF = 1500 [ .
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~4km deep ice!

Effective “telescope” aperture:
+ 7250 km3 sr @ 1018 eV

+ 710* @ km? sr 101° eV
(compare to ~1 km3 at lower E)
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Flight Payload Design

A pziolig e facelploianl cip e foeithie A pitziceries Clo it

ANITA 'I
directional {

PV array

-

Ff—— sun rotator

SIP omni directional

PV array
I -' two 8 horn
; clusters

charge controller
and batteries

SIP

16 horn cluster

8 horn nadir cluster (folds in)  |angding frame

~Em —_—————

ANITA electronics

<“— ~320ps |

Measured ]|

Quad-ridged horn antennas provide
superb impulse response & bandwidth
(200-1200 MHz)

Interferometry & beam gradiometry
from multiple overlapped antenna
measurements
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Major Hurdles

* No commercial waveform recorder solution
(power/resolution)

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

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

Cherenkov
cone

Trigger

—= to Global Trigger

QR horn Mh ¥
UHE D] 1GHz BW 1eq @l 1o
(

1nteract10 \% RF antenna 0.2-12GH) L High—speed 10W*p0W6r
< ElectroMagnetic Sampling ADC

shower
~(GSals ~MSa/s

—= to Data Collection

e Split signal: 1 path to trigger, 1 for digitizer
e Digitizer runs ONLY when triggered to save power (factor of 1,000!)

Three key technologies:

1. Very low-noise (low power) amplifiers
2. Efficient, thermal-noise limited triggering

3. Low power, Gsa/s waveform sampling
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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

Write pointer is ~4-6
switches closed @ once
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9 x 260 samples = 2340 storage cells

LABRADOR(3) architecture Wilkinsan ADC
SCA bank: 4 ows x 260 colum —— I> 1
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T [y |[oo [ [y [Ty
o e e e |
SCA hank: 5 wws x 260 calumns 256 + 4 “ta”” Samp|eS

19



Large Analog Bandwidth Recorder and Digitizer
with Ordered Readout [LABRADOR]
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Capacitor B st event in
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Random access:
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LABRADOR performance
12-bit ADC

Labrador ADC Performance y = 1606.8x + 105.26

R*=0.9999
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e 10 real bits (1.3V/1.3mV noise)

e Excellent linearity, noise
e Sampling rates up to 4 GSa/s with voltage overdrive
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Sampling Unit for RF (SURF) board
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(SURF = Sampling Unit for RF)
SU RFV3 BOard (TURF = Trigger Unit for RF)
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A solar powered, airborne
HEP experiment

Raw Signals

Level-1 Level-2 i
Level-3 Prioritizer ()
Antenna Cluster (+tcompress)
A
|_
c
O El=lp
2
o
Few kHz 5-10Hz >
@ 36kBy/evt @ 36kBy/evt v
=36-72Mby/s = 180-360kBy/s =
100-200kHz To disk -
@ 36kBy/evt
80 RF channels = 3.6-7.2Gby/s

@ 1.5By * 2.6GSals
= 312 Ghytes/s
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ANITA-1 pieces

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

Solar cells for NASA equipment

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

8 low gain antennas to monitor
payload-generated noise

ANITA electronics box

Solar panels for science mission
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Flight sensitivity snapshot

(_:; 820 | | ] °
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altitude, km

sabe oo 1 LT
14 16 18

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

Significant fraction
(>40%) of time
with pristine
conditions
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Quiet, but are we sensitive?

Ground pulser

Ice 80m thick
and messy

Bore hole pulser
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Validation data: borehole pulser

Control Raw data Flight data DB data Help
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Location: -78.9579:+170.1310:437.2477 +558:
Orientation +198.12; -0.44: -1.45 S
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fuﬂiiui.ﬂ'l‘l!hi! ||I||L|||| ukwr.'ﬂ’f'njp,ll Qe f

1,y'||r'.}!fwk~'.'p'u‘|\hl‘|,|' el _|N|| "'['i'['r”"”“1I|’11‘MH\“|”FI'~"|"'III'|" T
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RMS: 35 65 mV/
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+1.5V: 0.008 -5\

-12v:  0.008
PV
+12Vv: 0581 IPRF1: 5399
+24V. IPRF2: 5.088
+55E: Battery.

Temperatures [deg C]

iDL 02 03 o4 it05 105 D7 S i0a ilo

itll itl2 itl3 itl4 itl 5 et0let0ZetD3eldat0s
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Auxilary Info
Press [torr]: 421
Press [PSI: 0.12
SunSensor 1:

SunSensor 2: +17.040:4312.120
SunSensor 3: +80.166 +46.841

SunSensor 4: +75.608:+115.170

Accel 1 -0.004:40,003:-0.982
Accel2: +0.021:40.082:+1.007
Mag: -0.010:+0.081 :-0.578

4:31:05 PM: Welkome to Aview - ANITA Data Display Utility

WV 195597

Pek Type

RF event

Database Control Panel

uTtc |Prev|Mext| Au
2006-12-15 10:30:25 <| > lst| sekect [
2023-06-26 02:58:28 <| > bst| ssiect T

RF Impulses
from borehole
antenna at
Williams field

Detected at
payload out
to 300-400
km,
consistent
with expected
sensitivity

Allows trigger
& pointing
calibration
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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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Mapping
Waveforms to
Interferometric

Images
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After full calibration — 100’s km

AMITA Flight Path

Emound Fulser Events Recon. Period

<30p5 ti m i ng 8 Reconstructed RF Souce Position

RF Projection onto the surface
9

1% assumption
Y 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)

earth
3" one more iteration -> converged after 2" iteration

V-pol results
Borehole Data (used for calibrations)
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Cosmic Ray Pulse _ 450 MHz Signal 1150 MHz Signal
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- SURF _ Run: 31 Time: 2008-12-23 01:11:15  Trig Num: 1016 —Trig Type: RF TURF This Hold: 0x8 Play Hoxt
Payload " Trigger: 879.618018 ms TURF Active Holds: 0x8 Go to Even Rev Prev.
Hilbart Event: 3478716 TURF: 1025 Labrador DDDDDDDDDD Event#

Priority: 6 -- Queue: 6 Phi Mask: 0xe001 Stop

Aversge FFT
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Cosmic Ray Identification
netic Field
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other due to dominant vertical B-field.

*H-pol emission always has the
same polarization.

*V-pol magnitude and sign
determined by the horizontal
magnitude of the B-field.
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Correlation of Polarization Angle
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Cosmic-Ray Candidate Event Locations
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ANITAZ & 3

Analysis of 15t and 2" flights =» best limits at
higher energies

2"d flight trigger tuned for neutrinos, lost cosmic
rays

3'd Flight data analysis still ongoing

Major Hardware Upgrade: ANITA4
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ANITA Course

N I T Bedmapl Bedmap2 (SD) Bedmap2 (HD)

2000
1000
500
]
-500
-1000 » Date: Sun, 04 Jan 2015
021027 GMT
4 = = Run: 375
= + Event: 67681253
3 2 + Rate: 37
H + Siple Dome
2 i + Dist=BB3.89km
E + Time = 2881625ns
1 g
2
0 +
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S ANITA4 Improvements

 Low-noise amplifiers & receivers with 30-40K noise

| v - figure decrease (20% in energy threshold)

* A real-time 3-bit signal correlator is expected to
lower the trigger threshold by another 15-20%

e Programmable notch filters will allow much better
response time and control of radio-frequency
Interference (~30% exposure improvement)

 Improvements in our GPU-based trigger processor

will yield higher sustainable raw trigger rates and
corresponding improvements of 10-15% in threshold.

Flight scheduled December, 2016
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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” LHC a good idea?)




Back-up slides
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UHE CR Energy Estimate

ANITA Cosmic Ray Energies and Sky Map

100 E :  Mean _HEﬂEGtEId—
= Pﬂwwﬁ —Direct 3
% - ;mxl,l —Best Fit _
c 10 ¢ I Model -
Q 3
& EG +20
I I]”HHA[ ’| Figure from
arxiv:1005.0
ul | II L0
1018 10'9 1020
enerqgy, eV

'|C.E1

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

LI L |

e e
UHECR Data:

e UHECRs are not hadrons (?!) f World s Hoverah Pork
e Lorentz invariance wrong (!!) 3 6’ o QACASA (o19)
. w o nx % HiRes 1&2 mono 7
e New physics... 5 e  Auger 2007
Expected fluxes are small 5 P &
. 53, / it oy < '5'5:\-\ B
— 1 neutrino per km? per week! 5 st e 4 ©
o : galactic [ I
g ‘% \\\ j-"L §
- i :g
-10 I 4 0
el b e b e by Ly
17 18 19 20 21

log (Porticle Energy, eV)



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)

610

4x108

2x710%

Cherenkov pulse power {arb. units)

A great idea that took a while to catch on

shawer depth (radiation lengths)
a 10 20
T

measured peak figld strength (v m-")

P BRI W) P B I
o] 100 200 300 400

distance clong shower axis {crn)

Saltzberg, et al PRL 2001

L L) e e L i ) e )
102 SLAC T464 June 2002

¥—ray showers in rock salt

10'' 10" 107 g1 10"
electromagnetic coscade energy (eV)

Gorham, et al PRD 2004
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Particle Physics: Energy Frontier

e GZK v spectrum is an energy- . T 2
frontier beam: )
i arge extra ]
106 - dimensions B
— up to 300 TeV center of ~ 5
. : Q105 L ]
momentum particle physics A
o 104 L _'__.Std'.‘-model b
— Search for large extra dimensions : | ;
and micro-black-hole production 103 [ GZK v ]
at scales beyond reach of LHC : f
9 - Anchordoqui et al. Astro-ph/030722
10 é_l__I.LI.I.II.l lllllLIJ.| 1L i1l IIIIII.IIJ IIIII.I.I.I| IIIII.I.IIJ IIIlI.I.I.IJ Illlu.ul IE

1 v Lorentz factors of y=1018-21 108 108 0ol0  gol2

E, (GeV)
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Cherenkov polarization tracking

S
Cerenkov cone

e Radio Cherenkov:
polarization measurements
are straightforward

plane of
polarization

- e Two antennas at different
parts of cone:

S — Will measure different
projected plane of E, S

Cherenkov radiation predictions: — Intersection of these
e 100% linearly polarized planes defines shower
» plane of polarization aligned track

with plane containing Poynting
vector S and particle/cascade
velocity U
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transverse position (cm)
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normalized p(e-—e*) or E
o
(o)]
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N EN

o

Polarization tracking

1 1 I 1 1 1 I 1 1 1 I 1 1

-20 0 20
antenna offset from beam axis (cm)

— polbrization data ! L

: : T T l T T T l T T T I T T
: — 1 ¢ I SLAC T460 June 2002
S A BN S RF data: 0.3-1.2GHz |
-_ 1 1 1 1 1 I 1 1 1 1 I 1 L 1 L I L _- E B

B Ll Ll 1 Ll 1 I 1 1 T 1 I Ll T Ll T I T i -— _

: 1 - Of

— measured amplitudes = 9 -

i 1 & i

— EGS simulation - g_ B

L \""“.-L ] N L

[ ] S -10

: ] § - calculated from beam geometry

~ 4 i

50 100 150
antenna longitudinal position (¢cm)

Measured with dual-polarization embedded bowtie
antenna array in salt
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Trigger/Digitizer Specifications

ANITA trigger & digitiz

ein’r'l
/

/ /
UHE
o~ -

. . T
mteraction ‘\“/i-*"'k"

v’

* ElectroMagnetic

Cherenkov

cone

shower

Split signal: 1
path to trigger,
1 for digitizer

Use multiple
frequency
bands for
trigger

Digitizer runs
ONLY when
triggered to
save power

2 proven dual-track

Trigger
\ ' —= to Global Trigger
}{)R_ horn f> [-‘r!:—tg}]mld
T 1GHz BW
. m_]..r._e..n—n‘n(o,z 1.2 GHz) L> Hieh—snoed ow—omer
Sﬁmp;ll?;; ‘ “AII_)L(:\ L = {6 Data Collection
~(GSals ~MSa/s
parameter guantity [comments
# of RF channels 80 32 top; 32 bottom; 8 monitor; 8 veto
2 |Sampling rate 2.6 GSals |> Nyquist
i Sample resolution > 9 bits |3 bits noise + dynamic range
& |Samples per window 260 100ns time window
& [# of Sample buffers 4 multi-hit + extended window
Power/channel <1lWw excluding LNA, triggering
# of Trigger bands 4 0.2-0.4; 0.4-0.65; 0.65-0.88; 0.88-1.2GHz
= # of Trigger channels 8 per antenna (4bands x RCP,LCP)
o | Trigger threshold <=2.3c |operation down to ~300K thermal noise
? Accidental trigger rate <bHz |attarget Trigger threshold
| Level2 Trigger latency ~50ns |to issue Hold signal
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ANITA as a neutrino telescope

290 MHz. 435 MHz

& N

! ~heutrino evefit vertex
e
', effective tield-of-view .~/ /
tor given eventdirection” / /
.: d . ,r/ I

. ..II. 7 ", h N \ o
ANITA Instantaneous T :
4 Sky coverage band b S -

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
polarization angle
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N
o

log(particle or photon energy, eV)

Neutrinos: The only known messengers
at PeV energies and above

LILLLLU I IIIIIII| LILBLULLLLY I IIIIIII| L I_l-1|l!| .-r{},vl'l'llrlj.-l' B I_I-I_I.Illl A PTEHE

(3K bkg)

py—=A-m-sv

| highest observed p energy

T n photons ar” .~

wn
T T

highest observed y energy

L galaxy —
photons

local group N

o
T

Nearby clusters I
AGN & QSOs I

JJ.ULd_IJ_LLLLLlI_IJ_LLULd_LLLLLUd_IJ_LLHJJJ_IJ_LLLUJJ_LLLLUJJJ

g ."" "‘,v. :I ',Ji'll -_Ptat‘pln"s

e ,,""Reglon not observable

Ll _.--"'_,,.Charged Daf“C'eS

cosmology

0.01 0.1 1 10 102 108 10

Observable distance (Mpc)

Photons lost above 30 TeV:
pair production on IR & uwave
background

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

Sources extend to 10° TeV !

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

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



log(Receiver Voltage)

0.1k
0.01 6.

1073 E

o
»

o
&

<
=]

Estimated SalSA Energy threshold

log(distance, m)

10°

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

Threshold depends on average
distance to nearest detector and
local antenna trigger voltage
above thermal noise

— Vnoise = k T Af
— Tsys = Tsalt+Tamp = 450K
1 Af of order 200 MHz

225 m spacing gives 30 PeV

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

log4g (v E) VIm/MHz at 1m

Ultra-wideband data on Askaryan pulse

150F

100

-50F

~100}

SOk

T

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
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Cosmic-Ray Candidate Event Pulses
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ANITA Level 1 — 3 of 8 Antenna

Input Signal Power to Tunnel Diode (dBm)

S0—legres

Filter Banding [WEz]

rfe=256BW =113
—|f_c=401. EW =177

| fe=as BW =277

| fe=983 BW =433

8 Trigger bits to

vl [ | LCP
%H.—x.—.

ECP

QR hom h}"b‘l’il"l

Trememwein Global Trigger

- |f_c=401. EW =177

| fe=68 BW =177
—|fe=1983 BW =433

Filter Banding [MEHz]

Plot of Frequency versus Signal Power to theTunnel Diode input for SHORTV2.
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n ) = N
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. [] A g™
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= Awm " o ¥
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e
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# A = 4 | ] iy R
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SHORTV2 ECOs: RT1=39 ohm, RT2=39 ohm,

Frequency (MHz)

NOTE: RFCM data are not the input signal to the SHORTv2.
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Single Antenna trigger

SINGLE ANTENNA TRIGGER HEIRARCHY e Multi-band triggering essential
§ e to ANITA sensitivity
5 7oz 0 bl
s “ LI ) .. )
8 oo rsvumislsis o = Exploits statistical properties of
S g LI LI thermal noise vs. linear
3 ozs-s wwz\xfwwmnfﬂﬂ_ﬂ;wwm&ww polarization for signal
| I |
< 1.0—1.2 bt foisiition—safin
= GHz .
S — — e Signal: most or all bands;
L 75-1.0 M’%’MWWWWM%‘MMWWJW{»’MMWPW*.W.W‘W'MM\M _
T o L —— e noise: random
B 0.5-.75 “iliriiiotintiocd [ bt
(3 GHz i_l
& 0.25—.5m\{vrfgb}@pjﬁmmﬂj@y@@@_wﬁw%@w e all 8 shown here --3 0of 8is
GHz
— found to be enough

COING, H:—ﬂ& ———————— II — I:I ———————————

LEVEL ——
TRIGGER 1. = 0ns
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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 Gondition Disk Space [ME] Voltages [Violts]

EventUTC:  2006-12-15 10:30:26 Priarity: 6 - (Jim 6) zusll | g gy -5V:

Event us: 21983 Type: Trig_RF L3Type1 : . usbintd| 43 zv: -12V:

Event ns: 4294967295 Number: 463 EmE - hmPemc 2 et JusbintDl] gy, PV

Event #: 195599 L3 count; 227 Queve Entries +12V: IPRF1

Run #: 1023 Time : 0.241,996 544 +24V: IPRF2
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ANITA-1 Neutrino Flux Model Expectations and Constraints

Phys.Rev.Lett.103:051103,2009
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ANITA 2 Improvements
e “Dynamic Phi-Masking” /

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

— Automatically activated
e 8 “nadir’ antennas
— One antenna shared w/ 2 phi sectors
e Only trigger on V-pol
e Improve Ty, by 40K
— New Low-Noise Amplifier
e Overall energy threshold improvement:

— Factor of ~1.7

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

phi sector Mask active

15

[ AGAP survival test (fast rotation = 2 phi sectors/min) |

10
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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

B { +  New Short (Optimised)
L 1
A
1 4 Old Short (Optimised)
By £ f Old Short (2.6 MH2)
- fg.-" 8
afdi
1 1 -‘ 1 1 1 | 1 1 | | 1 1 1 ‘ 1 1 1
% 2 4 6 8 10

Pulse SNR

Upgrades...

New preamp

New front end filter




ANITAZ2 Flight instrument

ANITA-2 Radio Receiving, Triggering and Recording Instrumentation

------------------------------------------------------
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