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ABSTRACT: Lightning was detected on several planets in ther system, where it could also produce sprites
in the upper layers of these atmospheres. Largee ggischarges at mesospheric altitudes on Eanie baen
found to be physically similar to streamer disclearin air at sea level density. Based on this wtdeding, we
investigate possible sprite discharges on the Gast@lanets and on Venus through laboratory erpanmis on
streamers in HHe and CQ-N, mixtures. Streamer diameters, velocities, radiaar overall morphology are
investigated for sprites on Jupiter, Saturn andugerby means of a fast ICCD camera. The spectrideof
streamer discharges are measured; they are dochibgitéhe minority species Non Venus, and by radiative
dissociative continuum radiation ot lih the Gas Giants. The spectrum of a fully devetbppark on Venus and
Saturn is also measured.

1. INTRODUCTION
1.1 Planetary lightning

Lightning had been detected on several planethenSolar system, via direct optical imaging on Eart
Jupiter and Saturn, and by electromagnetic remaisinsg on Earth, Venus, Jupiter, Saturn, Neptudelaanus
(see a recent review by Yair et al. [2008]). Teartaklightning is often accompanied by dielectbi@akdown in
the mesosphere known as sprites, which occur wieguasi-electrostatic field induced by the patighitning
exceeds the local breakdown threshold. Based smththanism Yair et al. [2009] investigated thesjimlkty of
sprite occurrence in various planetary atmospheas the basic conditions for electric breakdowmenshown
to be possible under reasonable assumptions opattemt lightning, leading to the conclusion thatitep and
similar discharges can potentially exist in the @épheres of Venus, Jupiter and Saturn.

1.2  Modelling spritesin the laboratory

It is by now well understood that the large spdtecharges at low air density are essentially west
versions of small streamer discharges at high amsidy that dominate the initial breakdown of langgs
volumes in a sufficiently strong electric fieldr&imers and sprites are related through scaling. [@te scaling
of electric fields with gas density in dischargemg back to Townsend at the beginning of the 26tiury;
other scaling relations were developed later, amdesparticular relations are valid for streamerseyl were
recently reviewed by Ebert et al. [2010]. In thegagating heads of streamer discharges scaling hebds
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particularly well because these fast processesdaminated by collisions of single electrons withutnel
molecules, while density dependent two-step praseasd three-particle processes are negligibles iffplies
that the basic length scale of the streamer digehar the mean free path of the electron, whicimigrsely
proportional to the densitp of the gaseous medium. Scaling between differemsidies implies that the
streamer velocity, as well as velocity and energpjridutions of individual electrons are independeh gas
density, while streamer length and time scalé/aselectric field as\, and densities of charged particlesas
The similarity of the overall morphology includidgameters and velocities of streamers and spritésriestrial
air of varying density were confirmed experimentdlly Briels et al. [2008] and later by Nijdam et @010].
Since the scaling relations hold in any gas mixttinés naturally opens the possibility to simulglanetary
sprites through laboratory experiments using tlog@r gas mixtures.

The scaling of length can be tested by examinimgriiinimal diameter of streamers. Streamers approach
this diameter when they hardly can exist, eitherabse the applied voltage is marginal, or becausg are
approaching their maximal length, typically aftemfiching several times. Briels et al., [2008] shivat the
product of density and minimal diameter does ngietie on the gas density.

More information on streamers and scaling relatwars be found in the recent review by Ebert ef2010]
and references within.

2. EXPERIMENTAL SETUP

We create positive streamers in a point-plane 1&amcontained within a large cylindrical stainlsssel
vacuum vessel, specifically designed to mainta@ ghrity of the gases in use. The vessel is filléth a gas
mixture of our choice, and the pressure is corblh the range of 25 to 1000 mbar. For the workcdeed
here the vessel was filled with gas mixtures sjEgdlf/ chosen to represent the atmospheres of dmes of
interest, namely: Venus (GD, — 96.5:3.5), Jupiter (}He — 89.8:10.2), Saturn ¢HHe:CH, — 92.2:7.4:0.4) and
Earth (N:O, — 80:20). Short positive voltage pulses with setijon rate of 1 to 14 Hz are applied to the anode
tip, causing the initiation of positive streameeanthe tip. The streamers are imaged using airfeesisified
CCD camera, with exposure times as short as 1 fi$ecimaging setup is sensitive in the range 3080@ nm.
Three small spectrometers are used to study tretrapein the range 230 to 940 nm. Detailed dedoripsf the
setup can be found in [Dubrovin et al., 2010; Nijdet al., 2010].

3. RESULTS

3.1  Study of morphology and confirmation of scaling laws

The morphology of the discharges we observed dependhe gas composition to some extent; howeer th
general picture shows thick streamers emerging ftben tip and branching several times. The observed
morphological differences are described below (Fédy).
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Streamers in air are the brightest. They form nedht smooth traces in the image and branch lems th the
other gas mixtures. Streamers in the mixture reptesy Venus are dimmer by one order of magnitudthin
the imaging setup sensitivity range of 300 to 8@@ Mhey branch more often and form traces with enev
boundaries. Higher inception voltages are requioecteate the discharge. On the other hand, ousunements
indicate that the reduced minimal diameter of tleaisian streamers are quite similar to those ostiteamers
in air and in pure nitrogen, with-d,;, = 0.09 +£0.03 mm-baat room temperature. Similarly to Venus, streamers
in the Jupiter and Saturn mixtures are dimmer by @mler of magnitude than in air in the observedelength
range, though in this case most of the radiatiomes from continuum radiation in the near UV, owsite
range of our imaging equipment, as discussed iméxé section. The traces of these streamers atie sjtaight
with a reduced minimal diameter almost three tirmeswide as in the mixtures containing nitrogen, elgm
p-thin = 0.26 £0.03 mm-baat room temperature. More information can be foumn@ubrovin et al., 2010].

3.2 Spectrum
We measured the emission spectrum -* I
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caused by sprites could be easily differentiatechfemissions caused by lightning during observatmfithose
planets. More information can be found in [Nijda2f;11] and in [Dubrovin et al., 2010].

4. CONCLUSIONS

We observed streamers in a previously unexploredfggas mixtures simulating the atmospheres ofugen
Jupiter and Saturn in controlled laboratory settind/e demonstrated that streamer discharges asibjfgom
these gases, which gives firmer ground to the piisgiof observing sprites on these planets byitord
spacecrafts. Streamers in the different gasesa#irerrsimilar in their appearance, albeit diffeesnim branching,
intensity and the propagation path morphology. &mtipular the streamer reduced minimal diametethim
mixture representing Venus is the same as in teiaksir and in pure nitrogen, and in the heliuggiogen
mixtures of Jupiter and Saturn it is three timeswéde. We report the expected spectral emissionthef
streamer discharges in the planetary gases, whitte instrumental in planning for remote sensing.
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