


Event Level Trigger Algorithm

event probability gives likelihood for CR

— methods 1-3 are mostly defined ¥
weights a, b, ¢, d TBD

method 4 is being developed with the help of intern Alexandra Celaudoux

— needed info from antenna level also defined ¥
for each antenna:

 antenna ID / position (X,y,z)
e time stamp
* trace amplitude for each channel (incl. sign)
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Method 1: Timing

Reconstruction of Trigger Parameters with timing
* signal arrival times — Arsene’s Plane Wave Fit — Do
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* approximates
curved wavefront
with a flat plane

* orientation of best- -
fit plane determines

and azimuth % % %

GRAND simulation



Method 1: Timing -

~7TKk events

mean: 0.02, std: 0.19

* Plane Wave Fit

* sophisticated
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Method 2: Signhal Strength -

Reconstruction of Trigger Parameters with signal strength
» measured signal strength > a&b — 0, , ¢y,

x 0+ from eccentricity of ellipse

— based on conic section model of air
shower
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* (- from orientation of ellipse

O

ADC fluence in AU

— introduces 180° ambiguity (see backup)

X 1n meters
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Method 2: Signhal Strength -
~7k events /\

mean: 3.46, std: 5.87 biased towards
larger angles

— mostly due to
border effects

—20 0 20
Otrue — 0 fluence (degrees)

mean: -0.02, std: 9.75

azimuth

—20 0 20
Ptrue — P fluence (degl‘e€S)
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Method 3: Polarization

according to Simon Chiche’s work (efield)
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Figure 16: Comparison between of the “A-ratio” for the electric field:
Ey | E and for the voltage: Vi, /Viu.

https://arxiv.org/pdf/2202.06846
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Method 3: Polarization

from Offline - without noise

Offline AERA - without noise - efield - Event 200482
6=66.18, ¢=50.83

164

b ratios for event 200482 - offline reco
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Method 3: Polarization

from Offline - with noise

b ratios for event 200482 - offline reco

Offline AERA - with noise - efield - Event 200482
6=66.12, ¢=51.21
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Conclusion on Polarization Test
for AERA sims SNR > 10
* The method works out of the box for efield sims (3 channels)

305 AERA sims with noise

1264 AERA sims without noise

* Problem:
* AERA measurements have 2 channels + only voltage traces

jelena.koehler@kit.edu AE RA S|mu|at|0n 10



Method 3: Polarization

according to Simon Chiche’s work
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Figure 16: Comparison between of the “A-ratio” for the electric field:
Ey | E and for the voltage: Vi, /Viu.

https://arxiv.org/pdf/2202.06846

11

jelena.koehler@kit.edu



Method 3: Polarization

according to Simon Chiche’s work
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2. Transform to cartesian coordinates
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Simple Efield Reconstruction

1. Transform voltages to efield using antenna response

1300 1350

700
time in ns

725

voltage

1400 1450 1500 1550 1600
time

750 179 800

AERA simulation

voltageO
voltagel

1650

13

1700




Polarization Method with Antenna Response
Application of Efield Reco for the Event Level Trigger

* simplifications for a possible online reco:

* single frequency 30 — 80 MHz — 55 MHz (Auger)

* only transform the amplitudes
— whole trace will not be available on SLT level

* FFT yes or no?
— not feasible for online triggering
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Efield Reconstruction - First Results

Example of one Antenna’s Traces

ADC

efieldO
efield1l
efield2

ADC counts
efield in uV/m
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time bin time in ns

voltage simple efield reco
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simpleEfield y

—2000 A simpleEfield z

voltage in cgs units

-+
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time time

— first test with FFT and full trace
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Polarization For Reconstructed Efields

for selected AERA sims

* Offline Efield

reconstructed using Auger’s reconstruction
software OFFLINE

* 80/80 antennas with b < 0.3

* Simple Efield

reconstructed manually from Offline ADC traces

* 76/80 antennas with b < 0.3

jelena.koehler@kit.edu

eventlD zenith in ° azimuth in °
201710 50 20
201250 90 124
201838 63 262
200482 67 50
200489 78 237
201003 85 234

AERA simulation



Polarization For Reconstructed Efields

for selected AERA sims

80 stations - offline 80 stations - simple efield - Jelena

b-ratio b-ratio
per antenna | per antenna

b ratio cut | b ratio cut
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Polarization For Reconstructed Efields
for AERA sims

*x ~ 2k air showers simulated with CoREAS for AERA
(before cuts)

* energies log(E) € (2.5,4.5) GeV

*x zenith @ € [55,85]°

* azimuth ¢ € [0,360]°

* processed with Auger’s reconstruction software OffLine

* cuts on SNR > 10

* applies antenna response, measured noise

0 50 100 150 200 250 300 350
angle in degrees

* provides traces: efield, voltage, ADC, shower plane
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Polarization For Reconstructed Efields

for AERA sims SNR > 10

jelena.koehler@kit.edu

23195 stations - AERA sims without noise - Jelena

0.4

b ratio

0.6

b-ratio
per antenna

-—=: b ratio cut

x voltage amplitudes V,, Vy, V.

* antenna response for 55 MHz

— work In progress!

need to optimize simplified efield
reco further for this application
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Positive parts of the trace Hilbert merge_station119 Library Test:Run_200003:Shower_1:Use 1

Positive NS vxB Hilbert

Positive EW vxB Hilbert

Positive V vxB Hilbert
— Upper trace Hilbert

Method 4: Polarity

work In progress

Trace amplitude
—
o
o

* main idea:

* determine polarity by
comparing min and max

1100

* use Hilbert envelopes to
combine all traces into one

\/ Negative NS vxB Hilbert
Negative EW vxB Hilbert

Negative V vxB Hilbert
— |Lower trace Hilbert
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a 1, C d
P 2:signal—strength P 3:polarization P 4:polarity

Summary

Outlook



Backup
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Azimuth Reconstruction

last station.
/ first station

oround plane tanp = —
dx

first station
/ last station
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Azimuth Reconstruction

— 180° ambiguity

first station last station

ground plane oground plane

last station first station
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Efield Reconstruction

Antenna Patterns - LPDA antenna

Azimuth Gdih at O = 75°

jelena.koehler@kit.edu

@nith Gain at ¢ = 0°
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Polarization For Reconstructed Efields
for AERA sims SNR > 10

23195 stations - AERA sims without noise - Jelena

b-ratio x amplitudes V., Vy, V_of FFT

per antenna

--- b ratio cut VOItageS

* antenna response for 55 MHz

— Interesting to see, but FFT not
feasible for online triggering

0.4 0.6
b ratio

— work in progress!
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