On the cosmic-ray energy scale of the LOFAR radio telescope
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Accurately determining the energy of detected cosmic rays is critical for the interpretation of measured data. We discuss:
% Energy reconstruction at LOFAR % Determination of uncertainties % Comparing the energy scales of Auger and LORA %

Energy Cosmic rays are measured at LOFAR both with a dense array of antennas and with the

. LOFAR Radboud air shower Array (LORA). Energy reconstructions done using both
Reconstruction techniques are consistent.

LOFAR Superterp

- LORA (LOFAR Radboud Air Shower Array) [2] consists of 20
scintillators on the superterp (the densest area of LOFAR antennas)
and provides the cosmic-ray trigger for LOFAR antenna read-out.

- LOFAR (Low-Frequency Array) is a radio telescope with a
core of 24 stations in the Netherlands which measures
radio emission from air showers in the 30-80 MHz range [1]

 Particle-based energy reconstruction uses a minimization procedure
based on Monte Carlo simulations (CORSIKA [3]) to determine the
best-fit simulation to data. The core position from the radio-based
reconstruction is used and a particle-based energy scale factor is a
free parameter.

- Radio-based energy reconstruction uses a minimization
procedure based on Monte Carlo simulations (CORSIKA [3]
and CoREAS [4]) to determine the best-fit simulation to
data with core position and a radio-based energy scale
factor as free parameters.
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Fig. 1: Example radio event. Simulated radio energy is in the Fig. 2: Comparison of the reconstructed energies using radio and Fig. 3: Example particle event. Simulated energy deposit ina 1 m2
background and measured data is shown at the antenna particle techniques, indicating that the two techniques are consistent. scintillator is in the background and measured data is shown at the
locations. scintillator locations.

i We characterize the event-by-event and systematic uncertainties on radio and particle-based
Uncertainties reconstructed energy. Radio-based reconstructed energy has smaller event-by-event
uncertainties, and so that technique will be used in future LOFAR analyses.
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Rad 1ation Radiation energy measurements can be used to compare energy scales of different

experiments. We compare the LORA energy scale to the Auger energy scale and find that
Energy they agree to within (6 £ 20)% for a radiation energy of 1 MeV.
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Radiation energy for LOFAR events was found following [5] and compared
to LORA cosmic-ray energy, Ecr,Lora. Fig. 11
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Radiation energy for AERA [6] events was found and compared to Auger

+ “Corrected radiation energy,” Sao,corr, IS @ 4 cosmic-ray energy, Ecr auger [7], Fig. 11
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