
Air showers in thunderstorms

• Regular: geomagnetic field 
induces traverse current (vxB 
direction)

• Strong E-field ( E ~ cB): 
current direction changes

• Air showers in thunderstorms: 
different polarisation & 
different intensity pattern

• Allows remote sensing of 
thunderstorm fields!  
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FIG. 2: Best fit CoREAS simulations for one air shower

as measured by the LOFAR radio telescope during a

thunderstorm. The intensity pattern in the shower

plane (top panel) and as a function of distance from the

shower axis (bottom panel) are given.

ment n. 227610. LOFAR, the Low Frequency Array

designed and constructed by ASTRON, has facilities in

several countries, that are owned by various parties (each

with their own funding sources), and that are collectively

operated by the International LOFAR Telescope founda-

tion under a joint scientific policy.
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[17] F. G. Schröder et al., in American Institute of Physics
Conference Series, American Institute of Physics Confer-
ence Series, Vol. 1535, edited by R. Lahmann, T. Eberl,
K. Graf, C. James, T. Huege, T. Karg, and R. Nahn-
hauer (2013) pp. 111–115.

[18] S. Hoover et al., Phys. Rev. Lett. 105, 151101 (2010).
[19] P. Schellart, A. Nelles, et al., A&A 560, A98 (2013),

arXiv:1311.1399 [astro-ph.IM].
[20] M. P. van Haarlem et al., Astronomy and Astrophysics

556, A2 (2013).
[21] S. Thoudam et al., ArXiv e-prints (2014),

arXiv:1408.4469 [physics.ins-det].
[22] S. Buitink et al., in Proceedings of the 33rd International

Cosmic Ray Conference, Rio De Janeiro (2013).
[23] S. Buitink et al., ArXiv e-prints (2014), arXiv:1408.7001

[astro-ph.IM].
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Thunderstorm 
events

• What can we infer from two-layer model 
fits?
Field direction, strength, altitudes?

• Do air showers influence the 
thunderstorm?
deposit of large amounts of free electrons
formation of streamers…. lightning 
initiation?

• LOFAR can image electrical processes in 
the thunderstorm with nanosecond 
precision!


