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The Pierre Auger Observatory
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4 fluorescence detectors
(6 telescopes each)

More than 500 members, |

18 countries 1660 surface detectors (1.5 km grid)

(3000 km2 total)
e Water-Cherenkov tanks (WCD)
e Scintillation detectors (SSD)

¢ Radio antennas (RD)




Radio emission from UHE particles
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® Extensive Air Showers produced by Ultra-High-Energy particles
interacting in the atmosphere emit very short, coherent and

forward beamed radio pulses

® The new Radio Detector (RD) of the Pierre Auger Observatory
measures these pulses in the 30-80 MHz band
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Radio emission from UHE particles
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The upgrade: AugerPrime

New:

Dual-polarised radio antena
to detect EM component of
horizontal air showers

Scintillator layer to help
distinguish between electrons
and muons in vertical showers

Improved readout electronics



The Auger Radio Detector

* |ncreased mass sensitivity for inclined air showers -
RD measures EM component, WCD measures muons

* |ncreased sensitivity to photons and neutrinos - they have a
strong EM component which we can measure with the RD
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Radio Detector deployment (l)




Radio Detector deployment (ll)




Radio Detector deployment (lil)

timeline of commissioning up to 2024-05-28 15:10:51 (UTC)
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¢ More than 1200 antennas installed,
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Deployment GPS tracks

All SD
@ RD deployed (i.e. with digitizer)
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Auger RD measured shower (l)

EventID: 74870325 / Time: 2024-02-06 13:39:16
Filename: sd_2024_02_06_13h13
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Trigger based on WCD for now, but we are working on a hybrid
trigger which includes the radio signal
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Calibration of the Radio Detector

end-to-end calibration in lab
LNA & digitizer

thermal cycling (aging)
LNA & digitizer

simulation of antenna pattern
NEC

in-situ calibration with

absolutely calibrated signals Galactic emission
EventID: 73570233 / Time: 2023-08-26 03:27:18 reference anten na

Filename: sd_2023_08_26_00h45
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Measurement of Galactic Emission

Measured power dataset: Simulated dataset + fitted noise

N
o
N
o

5 ¥
2, 15% Z 15%
o = 2 =
c < "~ Q
3 10 o 10
: E § :
: & E I

0 30— 0

0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22 24
LST LST

—> the ,,muon peak* for radio
—> in-situ calibration
(implemented on FPGA)

systematic uncertainty ~10%

Galactic calibration constants from data agree within 5-10% with
what we calculate from laboratory calibration and NEC2 simulations!
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Hybrid measurements RD-WCD

geomagnetic energy fluence [eV/m?]
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Expected performance of RD
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Expected detection efficiency for cosmic rays
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Full efficiency > 0.97
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Requires measurable signal in at least 3 antennas
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Using Auger-measured flux
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Expected muon number measurements
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Expected mass composition sensitivity with RD
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Radio trigger development
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to improve the sensitivity to neutral particles (photons and neutrinos)
an RD threshold trigger was successfully tested, leading to the

observation of air shower-like events only triggered by the RD



Neutral particles detection with Auger
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Neutral particles like photons and neutrinos have negligible particle
footprint, but produce strong radio signal which can be used to trigger on
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Summary

Radio antennas provide clean measurements of the EM
component of extended air showers produced by ultra-high-
energy cosmic particles

We are currently installing antennas on all 1660 surface detectors
in Auger, RD deployment should be finished by the end of 2024

This will increase our mass sensitivity for inclined air showers
produced by cosmic rays

Sensitivity to neutral particles - photons and neutrinos - is also
expected to increase

Stay tuned for new results from the largest radio array in the
world soon!
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