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Giant elves: Lightning-generated electromagnetic pulses in giant planets.
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We currently have direct optical observations of atmospheric electricity in the two giant gaseous planets of our
Solar System [1-5] as well as radio signatures that are possibly generated by lightning from the two icy planets
Uranus and Neptune [6,7].

On Earth, the electrical activity of the troposphere is associated with secondary electrical phenomena called Tran-
sient Luminous Events (TLEs) that occur in the mesosphere and lower ionosphere. This led some researchers to
ask if similar processes may also exist in other planets, focusing first on the quasi-static coupling mechanism [8],
which on Earth is responsible for halos and sprites and then including also the induction field, which is negligible
in our planet but dominant in Saturn [9].

However, one can show that, according to the best available estimation for lightning parameters, in giant planets
such as Saturn and Jupiter the effect of the electromagnetic pulse (EMP) dominates the effect that a lightning
discharge has on the lower ionosphere above it.

Using a Finite-Differences, Time-Domain (FDTD) solver for the EMP we found [10] that electrically active storms
may create a localized but long-lasting layer of enhanced ionization of up to 10 cm~2 free electrons below the
ionosphere, thus extending the ionosphere downward. We also estimate that the electromagnetic pulse transports
107 J to 100 J toward the ionosphere. There emissions of light of up to 108 J would create a transient luminous
event analogous to a terrestrial elve. Although these emissions are about 10 times fainter than the emissions coming
from the lightning itself, it may be possible to target them for detection by filtering the appropiate wavelengths.

[1] Cook, A. F, II, T. C. Duxbury, and G. E. Hunt (1979), First results on Jovian lightning, Nature, 280, 794,
doi:10.1038/280794a0.

[2] Little, B., C. D. Anger, A. P. Ingersoll, A. R. Vasavada, D. A. Senske, H. H. Breneman, W. J.
Borucki, and The Galileo SSI Team (1999), Galileo images of lightning on Jupiter, Icarus, 142, 306-323,
doi:10.1006/icar.1999.6195.

[3] Dyudina, U. A., A. D. Del Genio, A. P. Ingersoll, C. C. Porco, R. A. West, A. R. Vasavada, and J. M. Barbara
(2004), Lightning on Jupiter observed in the He line by the Cassini imaging science subsystem, Icarus, 172, 24-36,
doi:10.1016/j.icarus.2004.07.014.

[4] Baines, K. H., et al. (2007), Polar lightning and decadal-scale cloud variability on Jupiter, Science, 318, 226—
229, doi:10.1126/science.1147912.

[5] Dyudina, U. A., A. P. Ingersoll, S. P. Ewald, C. C. Porco, G. Fischer, W. S. Kurth, and R. A. West (2010),
Detection of visible lightning on Saturn, Geophys. Res. Lett., 37, L09205, doi:10.1029/2010GL043188.

[6] Zarka, P., and B. M. Pedersen (1986), Radio detection of Uranian lightning by Voyager 2, Nature, 323, 605-608,
doi:10.1038/323605a0.

[7] Gurnett, D. A., W. S. Kurth, I. H. Cairns, and L. J. Granroth (1990), Whistlers in Neptune’s magnetosphere—
Evidence of atmospheric lightning, J. Geophys. Res., 95, 20,967-20,976, doi:10.1029/JA095i1A12p20967.

[8] Yair, Y., Y. Takahashi, R. Yaniv, U. Ebert, and Y. Goto (2009), A study of the possibility of sprites in the
atmospheres of other planets, J. Geophys. Res., 114, E09002, doi:10.1029/2008JE003311.

[9] Dubrovin, D., A. Luque, F. J. Gordillo-Vazquez, Y. Yair, F. C. Parra-Rojas, U. Ebert, and C. Price (2014),
Impact of lightning on the lower ionosphere of Saturn and possible generation of halos and sprites, Icarus, 241,



313-328, doi:10.1016/j.icarus.2014.06.025.

[10] Luque, A., D. Dubrovin, F. J. Gordillo-Vazquez, U. Ebert, F. C. Parra-Rojas, Y. Yair, and C. Price (2014),
Coupling between atmospheric layers in gaseous giant planets due to lightning-generated electromagnetic pulses,
J. Geophys. Res. Space Physics, 119, doi:10.1002/2014JA020457.



