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ANITA collaboration

~ 60 people across 11 institutions (9 USA, 1 UK, 1 Taiwan)
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Radio detecion of UHE particles (Askaryan effect)

m Interaction in ice creates EM shower T
m ice electrons annihiliate shower positrons 100 1 4
B ice electrons scattered into shower ; [
m 20% -ve charge excess i 4

m Charge excess speed > ¢/ Njce: :
m Cherenkov radiation
m Radio frequencies interfere constructively

across shower front
m Impulsive RF signal, a few ns long.

m Signal power scales o E2

. > shower
m Experimentally verified!
(Phys.Rev.Lett.99:171101,2007)
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Ultra-high energy neutrinos UCLA

Ben Strutt (UCLA) Chasing UHEvs with ANITA 16th November 2018 6131



Completed flights of ANITA UCLA

m ANITA-1 (2006)
m 35 day flight
m Banded linear pol
trigger
m ANITA-2 (2008)
m 30 day flight
m Banded VPol-only
trigger
m ANITA-3 (2014)
m 22 day flight
m Single band HPol
and VPol trigger

m ANITA-4 (2016)

m 29 day flight ® ANITA-5 (?777)
m Single band linear m Proposal with completely new trigger
pol trigger and digitizer system
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Ultra-high energy cosmic rays UCLA
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Ultra-high energy cosmic rays UCLA
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Ultra-high energy cosmic rays UCLA
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tarctic mpulsive ransient ntenna (ANITA) UCLA
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tarctic mpulsive ransient ntenna (ANITA) UCLA
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48 dual polarization
antennas (Seaveys)

Instrument box:
trigger, digitization,
CPU, disks, etc.
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48 dual polarization
antennas (Seaveys)
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PV panels ‘:.‘l' . l
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tarctic mpulsive ransient ntenna (ANITA) UCLA

GPS antennas

48 dual polarization
antennas (Seaveys)
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tarctic mpulsive ransient ntenna (ANITA) UCLA
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tarctic mpulsive ransient ntenna (ANITA) UCLA

Satellite communication antenna [ & /
= L~

48 dual polarization

antennas (Seaveys)

GPS antennas

CSBF Instrument
Support Package

Instrument box:
trigger, digitization,

PV panels
(drop to below antenna ring) |§

CPU, disks, etc.

— P B

Chasing UHEvs with ANITA 16th November 2018 9131



Signal chain
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Signal chain
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Signal chain
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Signal chain
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Trigger logic UCLA

m Lower thresholds by requiring multi-channel coincidence in space
and time!

m Bandwidth + power limits — ~ 50 Hz to disk
= Single channel scalar rate: O (5 x 10°) Hz

m For ANITA-3: separate VPol and HPol triggers
m L1 trigger is single channel above threshold

m For ANITA-4: combine VPol and HPol to make linear pol trigger

m Mix V+H into left + right circular polarization (LCP+RCP)
m LO is either LCP or RCP above threshold
m L1 trigger is single channel above threshold
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O-sectors UCLA

m Group 48 antennas — 16 sets of 3 vertically aligned ®-sectors

ANITAINIl "= Tw
Athl!Ii_]ﬁy“ul I S A

Pl Sector 1
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L2 and L3 triggers UCLA

Pnia

0 4 8 12 16
Time (ns) B L3

m L2 (O-sector) trigger
requires 2/3 antennas in
a ¢-sector = L3 (event) requires 2x L2 triggers in
m Each L1 trigger opens adjacent ¢-sectors within 8ns
window:
m Bottom 16ns
m Middle 12ns
m Top 4ns
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ANITA data

Middle Ring

i

Phi 1/2

Run: 152
E Event: 9601022

Phi 3/4

Time: 2014-12-18 23:19:30

Trigger: 226.373090 ms

Phi 5/6

Prioritv: 2 — Queue: 2

Phi 7/8

Tnig Num: 26342 - Trg Type: AF

TURF: 231640

Phi 9/10

TURF This Hald: 0x8
TURF Active Holds: 0x8
Labragor BBEBBBBBEBEE

Phi Mask: 0

Phi 11/12

Phi 13/14

Play next
L‘ﬂ
_Is"’" [ |

Phi 15/16

it

b Lol L il

TS RTAl

iy 1

[ ARINER
| L it

LLMW

bbby

—

§§

e

oAbl

il

o

Wi

il

Sl

L]

oo

P

e

L

i

et o L)

i Pkl
lll][:" rrM

2 40 6 8

%0 %0 e 8 10 2 40 8 8

% 40 & & T

UHE~s with ANIT/

ET R Y

% 4 & 8 10

%0 40 €0 8 10 20 40 & 8 1

November 2018

14131




ANITA-3 diffuse v search 10.1103/PhysRevD.98.022001 UCLA
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Directional reconstruction UCLA

ossing lime between antennas 1TV and MV

\ 3 | . %
Use knowledge of payload geometry to generate expected
8t as a function of arrival direction for pairs of antennas

= le- |
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Ben Strutt

Summing cross-correlations

Event number 60841774 - Cross-correlation 15TH & 1TH
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Event reconstruction UCLA

Iterative sine-wave subtraction Interferometic Map
(reduce satellite CW) .
Directional reconstruction* .

m Antenna positions: 5t(¢, 0)

m Inter-channel
cross-correlation: p(dt)

m Interferometric map p(¢, 0)

B (Ppeak, Opeax) — direction

Coherently average: delay

channels by 5t($peak, Opeak)
and average

i

Dedisperse: Remove
frequency dependent delay
introduced by signal chain

*
arXiv:1304.5663
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Calibration pulsing

m Sub-degree resolution in azimuth (left) and elevation (right)

6000 4000~
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5000 E
E 3000
4000 F 2500~
3000 2000F-
E 1500~
2000 F
£ 1000
1000 E
F 500F-
E 1 1 | L 1
= -0.8 -06 -04 -02

204 06 08
Expected elevation - measured elevation

—— Fiight Path
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. LDB Facility
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Satellite noise UCLA

m Satellites use frequencies in the ANITA band (200-1200 MHz)

21

5

Power Spectral Density (dBm/MHz)
)

=

@

PN TN NI RN HATU TN ARENIN I B
200 400 600 800 1000 1200 1400
Frequency (MHz)

m ANITA-3: remove in software

m lterative sine wave fitting and subtraction
m ANITA-4: remove in hardware

m Installed dynamic narrow band notches
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Software filtering UCLA

I Before sine subtraction algorithm I

Fine Map Coherent Dedispersed
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| After sine subtraction algorithm |

Fine Map Coherent Dedispersed

Ben Strutt (UCLA) Chasing UHEvs with ANITA 16th November 2018 21131



Two Impulsivity metrics J and G

m Compute Hilbert Envelope m Find smallest window
® Normalize area = 1 containing 10%, 20%, ... 50%
= Do bi-directional integration out of the total power
from peak m G = gradient of line of best fit
value of integral vs. distance m Non-impulsive — large §
" ~—— 10% of power ;
20% of power §
e 30% of power E
g 40% of power E
—g —— 50% of power E
5 An1;T~1 3 E
2 ~—— 10% of power 1
= 20% of power §
time e from Peak of Hilbert Envelope 30% of power E
40% of power E
o ) —— 50% of power ;
:Z_, * g —— Calibration pulse . :é
B : A liTe0 £.£ | —— Non-impulsive /
B~ g : =

Fraction of power (na units;
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Background separation UCLA

m Fisher Discriminant created from map peak, waveform impulsivity
metrics (coherent average + de-dispersed)
m Monte Carlo (MC) neutrinos as signal (icemc)
m Events that point above horizontal as non-impulsive sideband
m lonosphere is dispersive in ANITA band

—— Non-impulsive sideband

—— MC neutrinos

Fraction of population per bin

I RS S |
10 20
Fisher Discriminant (no unit:

3
&
(=] L L L L R L L R e

o lud tool vl vood vl ool ol ol 1

0

)

)

m Keep events with (FD > 5.8)
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Background separation UCLA

m Ray trace ~ 600, 000
remaining events along
(Ppeak, Opear) ONtO
model of Antarctica

m Diffuse flux of v and
CRs should be isotropic
SO require isolation

m Reject events near
known human activity

m Reject clusters with
Nevents > 1
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Clustering output

Ben Strutt

Events per bin

—— Flight path
I Unclustered MC
I Clustered MC N
+ Isolated HPol events
+ Isolated VPol events
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Surviving v candidate event UCLA

m Find 1 VPol event on expected background of 0.779-3

Event Location Coherently-Dedispersed
E 200 < F
<L E [
£ I ANITA < 400
[ Mirny (RUS) 5
[ irny ( P
200 T b
[ 8
H Event R
_a00) 83139414 s
[ ©-20
i [
[ Edgeworth [
—600r David (AUS) ~40-
L i T T N I D B
1800 2000 2200 2400 2600 2800 -10 0 10 20 30 40 50 60
Easting (km) time (ns)

= Find 25 HPol events on expected background of 0.779-3
= |dentified as cosmic rays* by separate, dedicated CR search
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Combined Limits UCLA
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m Combined with ANITA-1 & ANITA-2, set the worlds best limit on
diffuse flux of UHEv above 1095 eV
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An anomalous event in ANITA-3 data

m Second such event
m ANITA-1 anomaly
10.1103/PhysRevlett.117.071101

m Consistent with direct
(i.e. unreflected) cosmic
ray event

m Steeply upcoming angle
(-35°), clearly comes
from ice should be
inverted

m Very isolated

m No nearby humans
m Nothing subthreshold

Ben Strutt (UCLA)
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Second anomalous event UCLA

Ben Strutt (UCLA) Chasing UHEvs with ANITA 16th November 2018 29131



Summary UCLA

m ANITA-3 produced the worlds best limits on the diffuse flux of
ultra-high enery neutrinos E > 1095 gV

m Over 25 Cosmic Ray like events in ANITA-3 data
m Second anomalous event also discovered in flight data

m Ongoing effort to understand these events
m ANITA-4 flight completed in 2016

m Initial v and CR analysis nearly complete
m Expected higher sensitivity than ANITA-3

m ANITA-5 proposal

m Significant upgrades to trigger and digitizer electronics will increase
sensitivity
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Thank you for your attention
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