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Interference of emission from different heights

LOFAR
-- The atmospheric electric field perpendicular to the Cosmic-ray shower axis
determines the radio emission during thunderstorm conditions.
-- From the intensity and polarization data, as measured at LOFAR, the
atmospheric electric fields can be inferred.
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Six central stations in Exloo, Inverted V-shape dipole antennas 10 – 90 MHz
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Destructive interference depends on relative
arrival times, or distance to shower axis.
Intensity pattern will have a ring-like
structure.
Signal is linearly polarized along direction of
atmospheric electric field

Circular polarization in thunderstorm events
Electric fields in different layers are at an angle
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The pulses from the upper layer arrive with a delay
with respect to the pulses from the lower layer
resulting in a change of the polarization angle over
the duration of the pulse, seen as circular
polarization.
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320 m diameter ‘superterp’ of LOFAR near Exloo, The Netherlands
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Measured signal has strong circular
polarization (Stokes V/I ≠ 0 )
See: Trinh et. al. (2016) Physical Rev. D 95, 083004

Results

Radio footprint
Reconstructing Thunderstorm Electric Fields

Direction E-field
Intensity

Linear polarization

Circular polarization

- Thunderstorm electric fields can be reconstructed by fitting the measured
stokes parameters

v : direction of the shower
z : vertically pointing up

- A three-layered electric fields is needed
in order to reconstruct main features in
the intensity and polarization footprints.
- The atmospheric electric field has a
sizable horizontal component.

- Many of the events resemble the traditional tri-polar structure
- There are a few events that are close together in time, potentially allowing
for a type of tomography

Cloud tomography; events 1, 2 & 3
Events 1, 2, and 3 detected
within 15 minutes:
UTC 21:02, 21:10, 21:15
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Test the fields in the same cloud
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- The horizontal electric fields between the bottom charge region and the
ground is small. They become large inside thunderclouds.
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Electric fields are very different for the three events, in all layers.
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