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Introduction: Lightning in the Solar System beyond the
Earth

Planet E-M evidence Chemical evidence
Jupiter and Saturn X HF, SED, VLF X Optical evidence
Uranus and Neptune X UED, VLF ×

Venus VLF? X TEXES: NOx lines

Table: Lightning evidence

Figure: Saturnian storm [Cassini spacecraft, NASA]
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Introduction: Transient Luminous Events

Figure: Halos are produced by
quasielectrostatic fields.

Figure: Elves are generated by
EMPs.
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Introduction: The case of Venus

Electromagnetic signals from lightning or plasma instabilities?

Lack of optical signals. Lightning optical emissions attenuated
by a dense cloud deck?
Optical emissions from TLEs as an indirect lightning detection?
Temporal and spatial variability in the nightglow emissions
from the 557.7 nm atomic oxygen line, between 0 and 136 R.
Connection with lightning?
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Introduction: The case of Giant Gaseous Planets

Very energetic strokes: Total energy released by intra-cloud
(IC) lightning discharge around 1012−1013 J.

Lightning discharges evidence, but... possible TLEs?
Lightning and TLEs study as a source of information about
the atmosphere composition?
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Missions

Japanese Akatsuki probe (JAXA), equipped with cameras to
detect fast 777.4 nm (lightning) and 557.7 nm (nightglow)
emissions.

Figure: Akatsuki probe [JAXA webpage, Courtesy of Akihiro Ikeshita]

Juno spacecraft (NASA), equipped with IR and UV
spectrometer, plasma detectors and a vector magnetometer.
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General models: Halos

52φ =− ρ

ε0
(1)

Je,z =−Di
∂Ne
∂z −µeEzNe (2)

Je,r =−Di
∂Ne
∂ r −µeErNe (3)

∂ne
∂ t +5·Je = Ge −Le (4)

∂ni
∂ t = Gi −Li (5)

(1) : 2-D Poisson equation.

(2) and (3): Diffusion-advection equation for the electron flux.
(4) and (5): Continuity equation of each species. BOLSIG+ is
used to obtain the electric field dependence of some rates.

Approach: The system of equations is solved using a
Runge-Kutta method.
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General models: Elves

5×E =−µ0
∂H
∂ t (1)

5×H = ε0
∂E
∂ t +J (2)

dJ
dt + νJ = ε0ω2

p(r, t)E+ ωb(r, t)×J (3)
∂ni
∂ t = Gi −Li (4)

(1) and (2): 3-D Maxwell equations in time domain.

(3): Langevin equation for the electron current.
(4): Continuity equation of each species. BOLSIG+ is used to
obtain the electric field dependence of some rates.

Approach: The system of equations is solved using a Finite
Differences Time Domain scheme.
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Model: Cosmic ray ionization in Venus

Figure: Equilibrium profile at initial conditions under the influence of
cosmic ray radiation [Pérez-Invernón et al., 2016].
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Results: Venus

Figure: Main emission brightness, in Rayleighs, in the atmosphere of
Venus 0.3 ms and 1 ms after the initiation of a discharge with different
total released energies [Pérez-Invernón et al., JGR, 2017, submitted] .
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Results: Saturn
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Figure: Integrated flux of total emitted photons from the radiative decay
of H2(d3Πu) and H2(a3Σ+

g ) molecules [Pérez-Invernón et al., JGR, 2017,
submitted] .
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Results: Saturn

Table 1: Total number of emitted photons from the Saturnian ionosphere
produced 5 ms after an IC lightning:

Electron profile and lightning channel inclination are decisive in the
number of total emitted photons.
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Results: Jupiter
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Figure: Integrated flux of total emitted photons from the radiative decay
of H2(d3Πu) and H2(a3Σ+

g ) molecules [Pérez-Invernón et al., JGR, 2017,
submitted] .
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Conclusions

Venusian lightning can produce a temporal increase of the
green 557.7 nm atomic oxygen line...
... this increase would be more important in the case of halos
than elves.

Future observation of elves in Saturn and Jupiter will provide
useful information about lightning and the characteristics of
their atmospheres.
Elves shape depends on the lightning channel inclination.
Latitude can influence TLEs characteristics in planets with an
intrisic magnetic field.
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