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e Various photon analysis done by the
Pierre Auger Collaboration, strongest
upper limits on UHE photon flux set.

e Photon searches not background free,
yield photon candidates in the data
set.
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e Various photon analysis done by the

Pierre Auger Collaboration, strongest &80 " EPOS LHC photon MC
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upper limits on UHE photon flux set. ol + ProlonMC
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e Photon searches not background free,
yield photon candidates in the data 2
set.

e Study indicates number of photon
candidates cannot be explained by
misinterpretation of hadrons. -4

e Main challenge: Photons have reduced 6
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particle footprint.
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Radio and inclined photon showers - a good combination . UNIVERSITAT
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Inclined photon showers with particle With additional Radio Detector (RD):
detectors:
Small particle footprint as EM-part Strong Radio signal
absorbed in the atmosphere

Low detection probability and Discrimination from hadrons with
poor reconstruction! their strong particle footprint.

electromagnetic

— component
radio emission

F. Schiter
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The Radio Detector

Mounted on top of the Water Cherenkov Detector
(WCD).
Two polarizations (NS and EW).

Current status: 10 fully installed stations.

Detector response understood, simulations
possible.

At the moment: triggered by the WCD.
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Requirement for a RD trigger SIRY UnivensiTa

EFFECT OF RD TRIGGER

- 1 —e— BEST TRISGER
e Not sensitive to background (RFI and %1 —H— WORST TRIGGER
a oV —¥— REALISTIC TRIGGER
hadron events) > |1
el
e Significant increase of photon trigger rate : |1
quyo= ey
e Compatible with limited bandwidth E .‘F'
.y
= Simple radio amplitude trigger for photons 5% 'I
2|
with threshold much larger than noise level. a o
o 20 4o ;o e.o

SENSITNITY TO BACKGROUND
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Noise level
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e Measured periodically
triggered noise.

e 32M traces with 8us length
= in total 4 minutes

e Normal noise peaks (distr. A)
mostly below 50 ADC counts.

e High RFI signals (distr. B,
mostly CB radio) can be
filtered on trigger level.
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Noise level
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e Noise of stations comparable.

e Noise level not known for all

positions in array.

e Trigger threshold larger than
60 ADC counts compatible
with requirements.
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Maxmimum ADC count distribution (integrated)
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Used simulations for trigger study Y universiaT
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CoREAS simulations:
CORSIKA 7.7410, Sybill 2.3d
~ 1500 shower for photons and protons
0 € [65°,85°], log E/eV € [18.4,20.4]

4000
Time [ns]

e Measured noise from RD added.

e Full detector simulation and reconstruction ) o
(WCD and RD), Simulated signal + noise trace

e Radio threshold trigger on quadratic sum of “""“”“"'“”’“““W‘“WWJ M”"“’WJW“’MW“W”WWWW“
both polarization. 4
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Event trigger rate for different thresholds

Increase of triggered events for different thresholds
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e RD trigger improves event
trigger rate significantly. — 80
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g 50 4 —— Protons
e Event trigger rate improved g
by factor of 2 at lowest *
threshold. 204
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Typical proton simulation with Radio

Proton Primary
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Photon Primary
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Discrimination on trigger level

Proton

103 4 Photon

Cut at 0.5: 23.13 % photon efficiency
of triggered events

Trigger composition:

102 i
2 | Many T3 events with only Radio
S i triggers.
10" 4 | — Discrimination on trigger level!
1
1
i
10° 4 E

T T T
0.0 0.2 0.4 0.6 0.8 1o
Ratio of "Only-RD-Trigger-Stations" in event

ARENA 2022 jannis.pawlowskyQuni-wuppertal.de 12


jannis.pawlowsky@uni-wuppertal.de

#%3ZEYY BERGISCHE
=%/ UNIVERSITAT
WUPPERTAL

Discrimination on reconstruction level
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=- Combining parameters with multivariate analysis
like e.g. Fisher-Discrimination and Decision Trees.
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e Radio threshold trigger on inclined photons

Photon Primary

leads to significant increase in sensitivity. M S T R TR
6125 PR R PO
+ + + PRI + + +
. . . + + R + +
e Combination of WCD and new RD yield strong DR 5 D I
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n years in work.

e Hardware implementation in preparation -
promising.
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Noise distribution

ADC count distribution of all traces ADC count distribution of all traces (zoomed)
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Artificial noise trace - periodic triggering

Noise trace FFT of noise
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Filter effect

Maxmimum ADC count distribution (integrated)
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Triggered event

Noise trace FFT of noise
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Discrimination
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Used energy range

Used energies: E~-spectrum
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Used zenith range
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Counts

Used zenith angles: cos?(@)-spectrum
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