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Radio detection of air showers above 101 eV
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Radio detection of air showers above 101 eV
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CODALEMA, Nancay (France)

Radio detection of air showers above 101 eV
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CODALEMA, Nancay (France)
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Simulation of ELectric
Field from Air Shower

vertical, 107 eV, Nancay B-field, SELFAS2
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Simulation of ELectric
Field from Air Shower
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vertical, 10" eV, Nancay B-field, SELFAS2
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SFIFAS?2 Vertical event at CODALEMA

vertical shower, 1017 eV,
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SFIFAS?2 Vertical event at CODALEMA

vertical shower, 1017 eV,
145 antennas
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SFIFAS?2 Vertical event at CODALEMA
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SFIFAS?2 Vertical event at CODALEMA

vertical shower, 1017 eV,
145 antennas
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SFIFAS?2 East-west asymmetry of  Consequence of the
the radio signal :  charge excess contribution

Effect on event for different arrival direction

East—west polarization

200

Zenith

100

North [m]

-100

t+  South

- =200

-200 -100 0 100 200
West East [m]




SFIFAS?2 East-west asymmetry of  Consequence of the
the radio signal :  charge excess contribution

Effect on event for different arrival direction

East—west polarization

200
Z.enith
A

i | 6=15°
§ 2} o=180°

-y
S
)

North [m]

t+  South

-100

- =200

-200 —-100 0 100 200
South West East [m]



SFIFAS?2 East-west asymmetry of  Consequence of the
the radio signal :  charge excess contribution

Effect on event for different arrival direction
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SFIFAS?2 East-west asymmetry of  Consequence of the
the radio signal :  charge excess contribution

Effect on event for different arrival direction
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SFIFAS?2 East-west asymmetry of  Consequence of the
the radio signal :  charge excess contribution

Effect on event for different arrival direction
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SFIFAS?2 East-west asymmetry of  Consequence of the
the radio signal :  charge excess contribution
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Prediction for the CODALEMA statistics

Simulation with SELFAS2 of
10'7eV proton air showers
following the CODALEMA stat:

We need:

® arrival directions

® ground core positions



Prediction for the CODALEMA statistics

Particle core in CODALEMA frame

45

Simulation with SELFAS2 of
10'7eV proton air showers
following the CODALEMA stat:

A | * .
We need: Sky maps of observed

Obtained with
Iparticle detectors data

Monte Carlo sim. : (0,¢) and (Xcore, Y core)

Density map

® arrival directions

® ground core positions



Prediction for the CODALEMA statistics

Particle core in CODALEMA frame
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Prediction for the CODALEMA statistics

Particle core in CODALEMA frame

Simulation with SELFAS?2 of ~ Density map
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SFAFAS?2 Reconstructed radio cores from simulation

For each simulated event, the reference frame is
centered on the ground particles shower core

Reconstructed radio cores in shower core frames

i SELFAS2
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SFAFAS?2 Reconstructed radio cores from simulation

For each simulated event, the reference frame is
centered on the ground particles shower core

Reconstructed radio cores in shower core frames
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SFAFAS?2 Reconstructed radio cores from simulation

For each simulated event, the reference frame is
centered on the ground particles shower core
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SFAFAS?2 Reconstructed radio cores from simulation

For each simulated event, the reference frame is
centered on the ground particles shower core
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What about the CODALEMA data...

For each event, the reference frame is centered on the
ground particles shower core

Particle Particle detector
shower cores scintillators gepsenna, kW
I = Scintillator e
Radio - EW polarized
shower core antenna arrays

315 reconstructed radio
cores with respect to the
particle shower core




What about the CODALEMA data...

For each event, the reference frame is centered on the
ground particles shower core
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What about the CODALEMA data...

For each event, the reference frame is centered on the

ground particles shower core
c00d agreement!!!
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What about the CODALEMA data...

For each event, the reference frame is centered on the
sround particles shower core
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Dependence on
arrival direction
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Simulation SELFAS2
vs CODALEMA data
Internal events

e Passing usual quality cuts
e Internal to radio and particles array
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Dependence on
arrival direction
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Simulation SELFAS2
vs CODALEMA data
Internal events

e Passing usual quality cuts
e Internal to radio and particles array

External events

® Passing usual quality cuts
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Dependence on
arrival direction
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Simulation SELFAS2
vs CODALEMA data
Internal events

e Passing usual quality cuts
e Internal to radio and particles array

External events

® Passing usual quality cuts
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C lusi CODALEMA
onciusion SENFAS?

a new observable has been identified as being an evidence of the charge
excess mechanism in the air showers electric field in the MHz frequency
domain

two different mechanims => two different polarization patterns —>

interferences => displacement Ac at the ground level of the maximum electric
field location with respect to the maximum particle density location

® A: depends on the shower arrival direction (checked for the EW polarization):

g00d agreement between simulations with SELFAS2 and the CODALEMA
data

this new observable should be measurable in AERA at the Pierre Auger
observatory.

the charge excess fraction depends on the arrival direction and on the antenna
location; for instance, for a vertical shower, the charge excess signal represents
20% of the total electric field



