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The “two-component” approach
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Recall: total field is not radially symmetric but...
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Testing the “two-component”
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Methodology:

1. Obtain (MC sims.) separate amplitudes of Askaryan & geomagnetic

fields along a single line of antennas with coordinates (R, @)

A Y- Askaryan:
S ) dy) = |E S ) P = |b ? o i
Eask(R, Do) = |Eask(R, Do) | By (£2, ®0) shower with B off

gg€0<R7 (DO) — |EgeO(R7 CI)0)| - |EBon<R7 CI)O) - EBOH(R7 CI)0)|

2. Assuming circular symmetry in shower plane & expected polarization

— obtain field at any other position:
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3. Simple geometric projection from (r, ®) in shower plane onto ground.



Circular symmetry of E,. & E,
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Results:
Field predicted with the model

Individual components:

* atafew positions only, along fixed ¢,

Field at any position (R, ¢)

\ e circularly symmetric

E(r,®) = Epol R, P — R, ®g) 7
(r, D) geo( 12, Do) 7 B (R, Po)
g \\
geomagnetic polarization radial polarization

Field obtained in full MC sims.



Field predicted by model
vs field in full MC sims.
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Model predictions vs MC simulations
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Inaccuracies of model: early-late effect

Model assumes circular shower axis
symmetry in shower plane

But... Early-Late effects (not
accounted for in model)
arise when projecting onto
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Model

Inaccuracies: cancellation of fields

less accurate

at observer

positions & shower geometries where
Askaryan & geomagnetic contributions
almost cancel each other.
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Conclusions

Quantitatively tested the Askaryan + geomagnetic approach to
radio emission in air showers:
— Methodology:

* Obtain separate |E, | & |E
» Standard assumptions to predict fields at any position on ground.

¢eo| @long 1 line of antennas in MC sims.

— Works at few % level for practically all shower geometries & observer
positions & on a shower-by-shower basis.

Fast & accurate calculation of E-fields with many Applications:

— Massive production of electric field patterns on ground for studies of:
* shower-to-shower fluctuations,
* dependence on mass composition,
» dependence on hadronic models,...

— Facilitates the creation of field parameterisations (E, 6, X

max"")

— Alternative to interpolation methods used in reconstrtuctions.

Limitation: only applicable to observables not dependent on time
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Observable: Hilbert envelope
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“Robustness” against input line
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Example of fastness of model:

36 antennas in input East line (ZHAireS) — 10 h of CPU

200 thousand antennas in output (model) — a few minutes
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