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Abstract The Saturn-orbiting Cassini spacecraft completed 126 close Titan flybys from 2004 until
2017. During almost all of them the Cassini Radio and Plasma Wave Science (RPWS) instrument was
turned on to search for radio emissions attributed to Titan lightning. Here we report about their
nondetection after close inspection of all Titan flybys throughout the Cassini mission. We also infer new
and strong constraints on the permissible flash energy and flash rate of potential Titan lightning. The
nondetection of lightning flashes by Cassini observations implies that any lightning on Titan must be
either very weak, very rare, or does not exist at all, and the latter could be due to cloud electric fields being
too low to initiate a discharge. This finding holds important implications for the prebiotic chemistry of
Titan and also implies that lightning will not be a significant hazard to the upcoming Dragonfly mission.

Plain Language Summary During its Saturn tour the Cassini spacecraft performed 126 close
Titan flybys. The RPWS (Radio and Plasma Wave Science) instrument would have been able to detect radio
emissions from potential lightning in Titan's atmosphere, similar to the easy detection of Earth lightning
during the Cassini Earth flyby in August 1999. A careful inspection of RPWS data has revealed no radio
signals that could be attributed to Titan lightning. The long observation times make it very likely that Titan
lightning does not exist, is very weak, or is very rare.

1. Introduction
The search for lightning in Titan's thick, nitrogen-dominated atmosphere started with the flyby of Voyager 1
at Saturn's largest moon in November 1980. Since then, several theoretical and experimental studies have
been published in the literature about the plausibility of lightning at Titan. The interest in the subject can
largely be explained by the hypothesis that Titan lightning would provide an energy source for the creation
of various chemical substances like HCN, C2N2 (Borucki et al., 1984, 1988; Kovács & Turányi, 2010) or even
organic compounds that could be essential precursors for the creation of life (Plankensteiner et al., 2007).

No definite signal of Titan lightning has been detected by Voyager 1, the Cassini orbiter or the Huygens
Probe, neither optically, acoustically, chemically nor by radio emissions at various frequencies. Despite the
fact that the Huygens Probe microphone detected no thunder clap (Grard et al., 2006), Petculescu and
Kruse (2014) still assessed the detectability of Titan lightning by acoustic sensing. Fulchignoni et al. (2005)
showed an extremely weak and unidentified signal in the VLF range (1–10 kHz) at a time of 2,800 s in their
Figure 8b measured by the Huygens Atmospheric Structure Instrument (HASI), but Hamelin et al. (2011)
noted that no particular emission was recorded in the VLF range. There was a debate about the 36 Hz signal
detected by HASI to be a lightning-induced Schumann resonance (Hamelin et al., 2009; Morente et al., 2008),
but it was shown that the signal should have been created by electric currents induced in Titan's ionosphere
by Saturn's magnetospheric plasma flow (Béghin, 2014; Béghin et al., 2009, 2012). No optical lightning detec-
tion from Titan's nightside has been reported by the Cassini imaging team. Fischer et al. (2007) and Fischer
and Gurnett (2011) had reported the nondetection of Titan lightning sferics by the Cassini Radio and Plasma
Wave Science (RPWS) instrument in the HF (high-frequency) range after 35 and 72 close Titan flybys, respec-
tively. Here we complete this search in RPWS data using all Titan flybys and approaches, and our result will
be the same: There is no indication for Titan lightning in Cassini RPWS high-frequency data.
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Table 1
List of Seven Approaches to Titan Not Classified as Flybys

Altitude
Name Year DOY Date SCET (km)
139TI 2010 287 14 October 17:06 172,784
228TI 2015 351 17 December 13:23 148,599
259TI 2017 032 1 February 19:52 219,437
261TI 2017 048 17 February 13:10 186,791
275TI 2017 144 24 May 00:18 117,956
288TI 2017 223 11 August 05:04 194,991
292TI 2017 254 11 September 19:04 119,733

2. Titan Flybys of Cassini
Cassini performed 126 targeted Titan flybys, which are named TA, TB, and T3 to T126. A first farther
approach to Titan on 3 July 2004 named T0 is not classified as a close flyby. T0 is also not included in our
lightning search since it was no closer than ∼132 RTi (Titan radii). Our detailed search for Titan lightning in
RPWS data was performed within a distance of 100 RTi from Titan's center (99 RTi or 255,000 km above the
surface). Beyond that distance one would need a signal more than 10 times stronger than average terrestrial
lightning (see section 4 and Figure 3) for detection, which is quite unlikely. All RPWS high-frequency data
have been analyzed. Strong impulsive signals exist far from Titan, but they all can be attributed to lightning
from Saturn. Cassini did not acquire science data from the instruments on the orbiter during flyby TC on 14
January 2005. Instead, it recorded the science data transmitted from the Huygens Probe during its landing
operation on Titan. RPWS data were recorded during all Titan flybys except TC (Huygens Probe landing)
and T73 when a data gap occurred. There is a large data gap at T60 where RPWS data are only taken on the
outbound leg beyond ∼93 RTi. Additionally, there are seven approaches to Titan within a distance of 100 RTi
which are not classified as targeted flybys. We have listed them in the following Table 1, and their names
are given by the official number of the Saturn orbit (“rev”) and the letters “TI” for Titan. This is the naming
convention used in the mission catalog file of our data set in the NASA Planetary Data System (see the “Data
Availability Statement” section). For example, the last approach to Titan named 292TI took place 3–4 days
before the end of the mission, and it gave the spacecraft its final nudge to crash into Saturn's atmosphere.
We also looked for Titan lightning during these approaches listed in Table 1.

Figure 1. Dwell time of Cassini within various distances from
Titan's surface.

During the entire Saturn tour Cassini spent ∼141 days within a distance
of 100 RTi from its center. During that time the Cassini RPWS instru-
ment was on for ∼134 days or ∼95%. In total, Cassini spent ∼100 min
within 1,000 km of Titan's surface. The minimum distance was 878 km
above Titan's surface, which was reached at T70 on 21 June 2010. Figure 1
shows the total dwell time of Cassini in days as a function of distance from
Titan's surface. For each flyby Cassini spent on average ∼27 hr within a
distance of 100 RTi.

3. Natural and Artificial Radio Emissions Above
Titan's Ionospheric Cutoff Frequency in Cassini
RPWS Data
Titan has a complex ionosphere with a composition dominated by heavy,
organic molecular ions. Its electron density peak is located at an altitude
near 1,200 km with peak densities in the range from 500 to 4,000 cm−3

(Galand et al., 2014). The lower value corresponds to a plasma frequency
of ∼200 kHz and is the minimum for nightside conditions. The dayside
maximum of up to 4,000 cm−3 means a cutoff by the plasma frequency of
∼570 kHz. Cassini sometimes flew below the peak altitude, but electron
densities measured by the Cassini RPWS Langmuir Probe still reached
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Figure 2. Cassini RPWS dynamic spectrum with multiple natural and artificial radio emissions during T110. Orbital parameters of Cassini below the Spacecraft
Event Time (SCET) are given with respect to Titan (distance, longitude, latitude, and local time).

500 cm−3 at the nightside (Ågren et al., 2009). This means that it is highly unlikely that potential lightning
sferics below a frequency of ∼200 kHz could penetrate the ionosphere and reach the spacecraft.

To look for Titan lightning we used the HF1 and HF2 band of the RPWS high-frequency receiver (HFR) in
which the HFR acts as a frequency-sweeping receiver (Gurnett et al., 2004). HF1 and HF2 can go down to
125 kHz, but HF1 typically starts at 325 kHz and HF2 at 1,825 kHz in the most common survey mode or at
4,025 kHz in the so-called direction—finding mode (see Appendix A of Fischer et al., 2019). The frequency
range from a few tens of kHz up to 1,200 kHz is dominated by strong Saturn kilometric radiation (SKR),
which makes it almost impossible to detect potential Titan lightning in this frequency range. At some close
flybys the SKR is occulted by Titan, and then we made an additional visual check using a 1-hr-long dynamic
spectrum centered around closest approach also including the C-band of the HFR which goes from 71 to
319 kHz. Dynamic spectra display the radio wave intensity as a function of time and frequency, and we dis-
play one in Figure 2 which shows strong SKR in red at the bottom. Besides the visual inspection of dynamic
spectra within a distance of 100 RTi, we used the same numerical algorithm to look for Titan lightning as
for the detection of Saturn lightning bursts, which has been described elsewhere (Fischer et al., 2007, 2019;
Fischer, Desch, et al., 2006).

As mentioned previously, strong impulsive bursts caused by Saturn lightning have not only been registered
during Titan flybys, but also occurred far from Titan. Lightning from Saturn (also called SEDs for Saturn
electrostatic discharges) occurs in episodes with a typical 10–11 hr periodicity due to Saturn's rotation. Cloud
features corresponding to the SEDs were generally found in Saturn's atmosphere (Fischer et al., 2008), and
the SED intensities do not depend on the distance to Titan, but on the distance to Saturn (see Figure 7
in Fischer et al., 2019). Hence, it is straightforward to distinguish SEDs from potential Titan lightning, and
the latter is practically impossible to detect during SED activity. In Figure 2 of Fischer and Gurnett (2011)
we had shown the intensity of SEDs during T61 as a function of distance to Titan, and there was no obvious
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fall-off with distance squared. SED episodes occurred during the following 32 Titan flybys: T38–T44 (with
marginal activity at T39) during the SED storm recently described by Fischer et al. (2019), T47 and T48
during an SED storm at the end of 2008, T50–T63 (except T54) during an SED storm that lasted for almost
the whole year 2009, T67–T70 during an SED storm in 2010, T74–T77 during the Great White Spot in 2011,
and finally T92 and T93 during a smaller storm in 2013.

Other natural radio emissions that can lead to false detections by our numerical algorithm are Jovian radio
emissions that can be detected just a few dB above background by Cassini RPWS despite the large distance
to Jupiter. This is due to their high intensity and the low sensing threshold of Cassini RPWS. In 2003 such
Jovian radio emissions were misinterpreted as the first indication of Saturn lightning when Cassini was at
a distance of 1.1 AU from Saturn (Fischer, Macher, et al., 2006). Sometimes Jovian emissions are easy to
recognize by their arc-like shape in the dynamic spectrum, or they have a patchy appearance instead of
isolated single bursts as one would expect for lightning. Sometimes it is helpful to look at the Io phase and
the Jovian CML (Central Meridian Longitude) seen from Cassini to identify Jovian emissions since they have
higher occurrence probabilities at certain Io phase/CML combinations (Imai et al., 2011). For example, the
Jovian arc in Figure 2 has a CML of ∼240◦ and an Io phase of ∼195◦ pointing to a non-Io A emission. We
believe to have identified Jovian radio emissions at the following 19 Titan flybys and approaches: TA, T3,
T5, T10, T15, T19, T21, T32; T56; T103, T110, 228TI, T117, T119, T122, 261TI, T126, 275TI, and 292TI. With
the single exception of T56, Jovian emissions were detected either earlier or later in the mission, which is
related to the changing distance between Jupiter and Saturn. At T32 in June 2007 the distance between the
two gas giants was ∼12.0 AU and increasing with time to ∼13.8 AU during T56 (June 2009). The maximum
distance was reached in July 2011 at ∼14.5 AU, and Jovian emissions began to reappear with T103 in July
2014 when the distance fell below ∼12.7 AU.

The type III Solar radio bursts are quite easy to identify in a dynamic spectrum (see Figure 2) as almost
vertical bursts covering all the high frequencies down to a few hundred kHz and lasting from a few seconds
to some minutes. Sometimes isolated bursts of much shorter bandwidth also appear within 1 hr around the
main burst. We have identified Solar bursts during 47 Titan flybys and approaches, which we don't list here
in detail. Their occurrence also turns out to be related to the Solar cycle with only few cases from spring
2007 until early 2011 when the sunspot number was low. Exceptionally high numbers of Solar bursts were
seen during T96 and T97 at the turn of the year 2013/2014 when the sunspot number was close to its peak.

There are also many different kinds of artificial radio emissions caused by interference from the space-
craft itself. Many of these are at fixed frequencies (e.g., at multiples of 100 kHz in the survey mode in HF1,
see Figure 2) which make them easy to identify and the corresponding frequency channels can be elimi-
nated. Occasionally, there are bursty emissions above ∼10–12 MHz lasting for several hours which Fischer
et al. (2007) and Fischer and Gurnett (2011) suspected as being caused by discharges of the INCA (Ion and
Neutral Camera) instrument. We checked this again and found occasional relations between those bursts
and the timing of the INCA ion Mode 1. However, it was no clear one to one relation, and so other instru-
ments or spacecraft systems should play a role as well. Therefore, we labeled those bursty emissions as
spacecraft (s/c) spikes in Figure 2. Most important, the intensities of such spacecraft spikes show no relation
to the distance from Titan, thereby excluding Titan as the source.

In the supporting information we provide a list of all Titan flybys with the flyby name, time (year, day of year,
date, and time of closest approach), local time at closest approach, altitude, and the natural and artificial
signals mentioned above. These signals can lead to false detections by our numerical algorithm, which is
based on the exceedance of an intensity threshold of 4 standard deviations (4𝜎) of the background fluctuation
with respect to the background intensity and with respect to the intensity at adjacent frequency sweeps
(see Section 3 of Fischer, Desch, et al., 2006). This means that great care and experience is needed for the
identification of potential Titan lightning bursts. We usually excluded all the bursts of natural and artificial
signals which were easy to identify in our list of potential candidate events. After that our list typically still
contained a handful of unidentified bursts. Indeed, the 4𝜎 threshold means that there is a probability of
0.00032% to have an intensity larger than the threshold. The number of HFR time/frequency measurements
in the typical survey mode within 100 RTi for one Titan flyby is about 1.2 million (∼200 measurements per
sweep every 16 s). This means that on average one can expect ∼4 bursts to exceed the 4𝜎 threshold for each
Titan flyby. We displayed the intensity of the unidentified bursts as a function of distance to Titan to see if
there was a clear relation, but we never found one. Many unidentified bursts had intensities only slightly
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Figure 3. Cassini RPWS detection distance as a function of signal strength
in relation to terrestrial lightning.

higher than the 4𝜎 threshold and thus can be regarded as enhanced back-
ground fluctuations. Occasionally there were also stronger signals, but
they usually were single events and could be sporadic SEDs, for example.
We note that a clear indication of Titan lightning would be about a dozen
bursts that roughly show a quadratic fall-off with increasing distance to
Titan. The exceptional claim of the existence of Titan lightning thus also
requires an exceptional proof. We emphasize again that we checked all
Titan flybys and approaches and did not find a positive indication for
Titan lightning.

4. New Upper Limits for Titan Lightning Activity
Desch and Kaiser (1990) have set an upper limit for potential Titan light-
ning activity based on the nondetection of Titan lightning by Voyager 1
during its single Titan flyby on 12 November 1980, when the spacecraft
passed within 4,394 km of Titan's cloud tops. In their Figure 3 they have
created a diagram showing the total flash energy versus the flash rate,
and they marked a hatched area excluded by the Voyager 1 observa-
tion. We will construct a new version of this diagram here based on the
nondetection of the Cassini spacecraft.

First, we make a few remarks on the detection distance of lightning signals. Since lightning radio emissions
are almost isotropically beamed, they typically fall off in intensity I with distance d squared:

I = I0

(
d0

d

)2

(1)

For terrestrial lightning the radio noise at a distance of d0 = 1,000 km was found to be I0 = 1.2× 10−13

V2 m−2 Hz−1 at 10 MHz (Horner, 1965). Using this equation we now calculate the detection distance as a
function of the strength of lightning which we give as multiples of I0 from 0.001 I0 to 10 I0. The radio
emissions from lightning can be detected if their strength is above the galactic background intensity of
Ibg = 1.5× 10−17 V2 m−2 Hz−1 (Dulk et al., 2001) plus a fluctuation of 4 standard deviations. For Cassini RPWS
the most commonly used survey mode has a fluctuation of 4𝜎 ≈ 0.8 dB, which means that our minimum
detected intensity is 100.08 Ibg ≈ 1.2 Ibg. This gives the following relation:

kI0

(
d0

dd

)2

> 1.2Ibg (2)

Figure 4. Cassini RPWS Titan lightning search time tS in days as a function
of signal strength in relation to terrestrial lightning.

with dd as the detection distance and k the strength factor varying from
0.0001 to 10. This equation only needs to be inverted to give the rela-
tion between the detection distance dd and the strength factor k as it is
displayed in Figure 3. We also indicated the calculated maximum detec-
tion distance for Cassini RPWS for terrestrial lightning, which is around
∼82,000 km. This value is consistent with the detection distance of ∼13
Earth radii (14 Earth radii from the center of Earth) found for terres-
trial lightning during the Cassini Earth flyby of August 1999 (Gurnett
et al., 2001).

For each distance from Titan we know the lightning search time from
Cassini's trajectory (see Figure 1), and so it is easy to relate the lightning
search time ts to the strength of lightning (factor k) in Figure 4. We just
mentioned that for the detection of potential Titan lightning with the
strength of Earth lightning (k = 1) Cassini needs to be within a distance of
d< 82, 000 km, and that was the case for a total of tS ∼ 40 days for all Titan
flybys as one can see in Figure 4. Similarly, for weaker Titan lightning
with a strength of only 1% of Earth lightning (k = 0.01) the detection dis-
tance is dd = 8,000 km, and Cassini spent about 4 days within this distance
from Titan.
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Figure 5. Energy of potential Titan lightning flashes Ef l versus their rate
Nf l and various regions excluded by Voyager 1 and Cassini observations.
The black square shows the flash energy and rate of typical Earth lightning.
The dark gray region was excluded by Voyager observations after Desch and
Kaiser (1990). The light gray region is the additional region to be excluded
after the nondetection of Titan lightning by Cassini in this paper. The white
region marks the flash energy/rate combinations which are left for
potential Titan lightning, which must be either very weak or very rare. The
dashed line is a factor of 20 above the lightning energy limit imposed by the
Cassini observations, and it is explained in the text.

Using the lightning search time we can now give an upper limit for the
flash rate Nfl using the following relation:

N𝑓 l <
1[flash]

tS[year]A [km2]
(3)

where A is the area on Titan seen from the position of Cassini. The rela-
tion is based on the fact that we did not detect any Titan lightning so
that the number of detected flashes is smaller than 1. The flash rate Nfl
is often given in units of flashes per kilometer squared and year, which is
indicated in the equation above. For the area A it is possible to give the
following relation depending on the altitude d of Cassini above Titan's
surface:

A = 2𝜋R2
Ti

d
d + RTi

(4)

with RTi = 2,575 km as Titan's radius, which is assumed to be spherical.
With these relations it is now possible to construct a diagram of the max-
imum flash rate Nf l as a function of the strength of lightning (factor k)
since we know the search time tS as a function of k (Figure 4) and the
detection distance as a function of k (Figure 3). For a comparison with
the original figure of Desch and Kaiser (1990) we translate the strength
of lightning (factor k) to the total flash energy Ef l in Joules by assum-
ing that its radiated power flux I (Equation 1) is proportional to the total
flash energy Ef l and that the average terrestrial flash with k = 1 has an
average total energy of Ef l = 109 J. We also exchange the ordinate with the
abscissa, and so we get a plot of the flash energy Ef l as a function of the
flash rate Nf l shown in Figure 5.

The black square in Figure 5 shows typical Earth lightning with an average energy of 109 J and a rate of
∼3 km−2 year−1. The latter corresponds to a global rate of 45–50 flashes per second as obtained from satellite
measurements (Christian et al., 2003). The dark gray region is the region excluded by Voyager observations
which we reproduced from Desch and Kaiser (1990). The light gray region is the region excluded by Cassini
observations, which we have just calculated and which of course also comprises the Voyager excluded region.
Figure 5 clearly shows that if Titan were producing lightning with a similar energy and cadence as at Earth,
the flashes would be easily detected by the very sensitive RPWS instrument. Further, if the lightning at
Titan is as energetic as at Earth, but less frequent, its flash rate has to be over a millions times less to slip
by undetected by Cassini. A flash rate limit of 10−6 km−2 year−1 means just ∼80 flashes per year all over
Titan. Conversely, if the flash rate is similar to Earth's rate, the lightning has to be over 5,000 times weaker
in energy to go undetected by Cassini.

One can see in Figure 5 that the maximum flash rate decreased by about 2 orders of magnitude from the
Voyager to the Cassini excluded region since Cassini performed more than 100 flybys compared
to the single Voyager 1 flyby. The maximum flash energy also should decrease at least by a fac-
tor of ∼20 compared to the Voyager observation since Cassini came closer to Titan and made
several flybys with altitudes around 1,000 km compared to the 4,400 km altitude of Voyager 1.
However, Figure 5 only shows a decrease by a factor of 5. The reasons for this could be that
Desch and Kaiser (1990) overestimated the sensitivity of the Voyager radio receiver and overesti-
mated the power flux of lightning at radio wavelengths. Our result is based on the detection capa-
bility of Cassini RPWS for terrestrial lightning as demonstrated during the Earth flyby (Gurnett
et al., 2001), and therefore we believe that our estimate of the radio noise for lightning should be correct.
The dashed line at 4× 106 J indicates the factor of 20 between the lightning energy restrictions imposed by
Cassini and Voyager 1. This factor is probably even higher since Cassini RPWS was more sensitive than the
Voyager radio instrument (Gurnett et al., 2004; Imai et al., 2011). In any case, the new restrictions imposed
by the Cassini observations are the ones which are relevant.

We note that for the calculation of lightning search times and rates above we did not take the duty cycle of the
instrument into account. The HFR as a frequency sweeping receiver only spent slightly less than half of the
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time at frequencies above 1 MHz, at which the reception of potential Titan lightning signals unobstructed by
SKR is possible. However, since sweeps are regularly taken every 16 s in the most common survey mode, a
Titan lightning storm consisting of several tens of flashes within a few hours should have easily been detected
despite the limited listening time. On Earth, typical thunderstorms have hundreds of flashes within a few
hours (Rakov & Uman, 2003). Furthermore, we also did not subtract the amount of time when the reception
of SEDs made the detection of Titan lightning practically impossible, since our calculation of Titan flash
rate limits should be understood as an order of magnitude estimation.

5. Discussion and Conclusions
The new restrictions made by Cassini would still allow Titan lightning with the following two different char-
acteristics: There could be Titan lightning with a strength similar to Earth lightning, but which is extremely
rare (just tens of bursts per year). Since convective clouds have been seen during several Titan flybys (Griffith
et al., 2014) and obviously none of them showed any lightning activity, it is improbable that rare superstorms
with lightning activity exist as we have observed Titan with Cassini for more than 13 years. The second kind
of potential Titan lightning would be extremely weak discharges, which were not detected by Cassini RPWS.
Our new restrictions would allow Titan lightning ∼5,000 times weaker than average Earth lightning with
energies lower than 2× 105 J. Such lightning would have currents of the order of hundreds of amperes in
contrast to an average terrestrial flash with a current of ∼30 kA, which can be estimated from the fact that
the lightning energy is proportional to the current squared (Rakov & Uman, 2003). Such lower currents are
comparable to a stepped leader process or continuing currents for terrestrial lightning, but they cannot take
place without any return stroke. In the early stages of intracloud lightning the leaders also can have currents
below 1 kA (Rakov & Uman, 2003). Another possibility not included in our new restrictions is that the light-
ning radio emissions are damped by ionospheric layers at low altitudes due to high collision frequencies
between electrons and neutrals. This is assumed to be the case at Jupiter (Zarka, 1985), where no lightning
was observed at a few MHz, but at 600 MHz (Brown et al., 2018). Calculations confirming the transmission
of radio waves in the MHz-range through Titan's ionosphere have been done for pre-Cassini ionospheric
models (Schwingenschuh et al., 2001), but not with updated Cassini results. However, and in contrast to
Jupiter, no optical flash signals have been reported at Titan, so also this possibility is rather unlikely.

The simplest solution is that lightning on Titan does not exist, and this might be due to the following rea-
son: The enhanced electric conductivity in the troposphere of ∼10−11 S m−1 (Béghin et al., 2012; Hamelin
et al., 2007; Mishra et al., 2014) leads to dissipation currents which are larger than the charging currents. As a
consequence large-scale electric fields inside a cloud cannot develop. Tokano et al. (2001) have modeled the
charging of particles in Titans clouds by free electrons and derived a temporary maximum of electric fields up
to 2× 106 V m−1. However, they assumed a conductivity of 10−13 S m−1 at the surface and therefore under-
estimated the dissipation currents. Additionally, Köhn et al. (2019) have recently shown that the inception
of streamers is more difficult in Titan's N2:CH4 atmosphere compared to the terrestrial N2:O2 atmosphere.
According to them a successful streamer inception would require a large electric field of 4.2 MV m−1, which
might not be present and is not even reached in the model of Tokano et al. (2001).

The most probable reason for the nondetection of Titan lightning with Cassini RPWS is simply that it
does not exist. This is important for the prebiotic chemistry of Titan since several organic compounds (e.g.,
Borucki et al., 1988; Plankensteiner et al., 2007) may need high temperatures as found in lightning channels
to be formed. Furthermore, it might be relevant for the construction of the future rotorcraft Dragonfly, which
is planned to be flown in Titan's atmosphere in 2034 at the earliest. It is highly improbable for Dragonfly to
be struck by a Titan lightning stroke.

Data Availability Statement
Cassini RPWS data are available through the Planetary Plasma Interactions Node (https://pds-ppi.
igpp.ucla.edu/) of NASA's Plantary Data System (PDS). The relevant data set to look for lightning is
the calibrated low-rate full-resolution data with the data ID CO-V/E/J/S/SS-RPWS-3-RDR-LRFULL-V1.0
and https://doi.org/10.17189/1519059. The supporting information to this article can be found at this site
(https://doi.org/10.5281/zenodo.3947775).

References
Ågren, K., Wahlund, J. E., Garnier, P., Modolo, R., Cui, J., Galand, M., & Müller-Wodarg, I. (2009). On the ionospheric structure of Titan.

Planetary and Space Science, 57(14–15), 1821–1827. https://doi.org/10.1016/j.pss.2009.04.012

FISCHER ET AL. 7 of 9

 21699100, 2020, 9, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2020JE

006496 by U
niversity O

f Iow
a, W

iley O
nline L

ibrary on [17/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://pds-ppi.igpp.ucla.edu/
https://pds-ppi.igpp.ucla.edu/
https://doi.org/10.17189/1519059
https://doi.org/10.5281/zenodo.3947775
https://doi.org/10.1016/j.pss.2009.04.012


Journal of Geophysical Research: Planets 10.1029/2020JE006496

Béghin, C. (2014). The atypical generation mechanism of Titan's Schumann resonance. Journal of Geophysical Research: Planets, 119,
520–531. https://doi.org/10.1002/2013JE004569

Béghin, C., Canu, P., Karkoschka, E., Sotin, C., Bertucci, C., Kurth, W. S., et al. (2009). New insights on Titan's plasma-driven Schumann
resonance inferred from Huygens and Cassini data. Planetary and Space Science, 57(14–15), 1872–1888. https://doi.org/10.1016/j.pss.
2009.04.006

Béghin, C., Randriamboarison, O., Hamelin, M., Karkoschka, E., Sotin, C., Whitten, R. C., et al. (2012). Analytic theory of Titan's
Schumann resonance: Constraints on ionospheric conductivity and buried water ocean. Icarus, 218(2), 1028–1042. https://doi.org/10.
1002/2013JE004569

Borucki, W. J., Giver, L. P., McKay, C. P., Scattergood, T., & Parris, J. E. (1988). Lightning production of hydrocarbons and HCN on Titan:
Laboratory measurements. Icarus, 76(1), 125–134. https://doi.org/10.1016/0019-1035(88)90145-5

Borucki, W. J., McKay, C. P., & Whitten, R. C. (1984). Possible production by lightning of aerosols and trace gases in Titan's atmosphere.
Icarus, 60(2), 260–273. https://doi.org/10.1016/0019-1035(84)90188-X

Brown, S., Janssen, M., Adumitroaie, V., Atreya, S., Bolton, S., Gulkis, S., et al. (2018). Prevalent lightning sferics at 600 megahertz near
Jupiter's poles. Nature, 558(7708), 87–90. https://doi.org/10.1038/s41586-018-0156-5

Christian, H. J., Blakeslee, R. J., Boccippio, D. J., Boeck, W. L., Buechler, D. E., Driscoll, K. T., et al. (2003). Global frequency and
distribution of lightning as observed from space by the Optical Transient Detector. Journal of Geophysical Research, 108(D1), 4005.
https://doi.org/10.1029/2002JD002347

Desch, M. D., & Kaiser, M. L. (1990). Upper limit set for level of lightning activity on Titan. Nature, 343(6257), 442–444. https://doi.org/
10.1038/343442a0

Dulk, G. A., Erickson, W. C., Manning, R., & Bougeret, J.-L. (2001). Calibration of low-frequency radio telescopes using the galactic
background radiation. Astronomy & Astrophysics, 365, 294–300. https://doi.org/10.1051/0004-6361:20000006

Fischer, G., Desch, M. D., Zarka, P., Kaiser, M. L., Gurnett, D. A., Kurth, W. S., et al. (2006). Saturn lightning recorded by Cassini/RPWS
in 2004. Icarus, 183(1), 135–152. https://doi.org/10.1016/j.icarus.2006.02.010

Fischer, G., & Gurnett, D. A. (2011). The search for Titan lightning radio emissions. Geophysical Research Letters, 38, L08206. https://doi.
org/10.1029/2011GL047316

Fischer, G., Gurnett, D. A., Kurth, W. S., Akalin, F., Zarka, P., Dyudina, U. A., et al. (2008). Atmospheric electricity at Saturn. Space
Science Reviews, 137(1–4), 271–285. https://doi.org/10.1007/s11214-008-9370-z

Fischer, G., Gurnett, D. A., Kurth, W. S., Farrell, W. M., Kaiser, M. L., & Zarka, P. (2007). Nondetection of Titan lightning radio emissions
with Cassini/RPWS after 35 close Titan flybys. Geophysical Research Letters, 34, L22104. https://doi.org/10.1029/2007GL031668

Fischer, G., Macher, W., Gurnett, D. A., Desch, M. D., Lecacheux, A., Zarka, P., et al. (2006). Discrimination between Jovian radio
emissions and Saturn electrostatic discharges. Geophysical Research Letters, 33, L21201. https://doi.org/10.1029/2006GL026766

Fischer, G., Pagaran, J. A., Zarka, P., Delcroix, M., Dyudina, U. A., Kurth, W. S., & Gurnett, D. A. (2019). Analysis of a long-lived, two-cell
lightning storm on Saturn. Astronomy & Astrophysics, 621, A113. https://doi.org/10.1051/0004-6361/201833014

Fulchignoni, M., Ferri, F., Angrilli, F., Ball, A. J., Bar-Nun, A., Barucci, M. A., et al. (2005). In situ measurements of the physical
characteristics of Titan's environment. Nature, 438(7069), 785–791. https://doi.org/10.1038/nature04314

Galand, M., Coates, A. J., Cravens, T. E., & Wahlund, J. E. (2014). Titan's ionosphere, Titan (p. 376). New York, USA: Cambridge
University Press. https://doi.org/10.1017/CBO9780511667398.014

Grard, R., Hamelin, M., López-Moreno, J. J., Schwingenschuh, K., Jernej, I., Molina-Cuberos, G. J., et al. (2006). Electric properties and
related physical characteristics of the atmosphere and surface of Titan. Planetary and Space Science, 54(12), 1124–1136. https://doi.org/
10.1016/j.pss.2006.05.036

Griffith, C. A., Rafkin, S., Rannou, P., & McKay, C. P. (2014). Storms, clouds, and weather, Titan (p. 190). New York, USA: Cambridge
University Press. https://doi.org/10.1017/CBO9780511667398.009

Gurnett, D. A., Kurth, W. S., Kirchner, D. L., Hospodarsky, G. B., Averkamp, T. F., Zarka, P., et al. (2004). The Cassini radio and plasma
wave investigation. Space Science Reviews, 114(1–4), 395–463. https://doi.org/10.1007/s11214-004-1434-0

Gurnett, D. A., Zarka, P., Manning, R., Kurth, W. S., Hospodarsky, G. B., Averkamp, T. F., et al. (2001). Non-detection at Venus of
high-frequency radio signals characteristic of terrestrial lightning. Nature, 409(6818), 313–315.

Hamelin, M., Béghin, C., Grard, R., López-Moreno, J. J., Schwingenschuh, K., Simões, F., et al. (2007). Electron conductivity and density
profiles derived from the mutual impedance probe measurements performed during the descent of Huygens through the atmosphere
of Titan. Planetary and Space Science, 55(13), 1964–1977. https://doi.org/10.1016/j.pss.2007.04.008

Hamelin, M., Grard, R., Béghin, C., Berthelier, J. J., Lopez-Moreno, J. J., & Simões, F. (2011). Non detection of lightning signature in the
Huygens RLF_VLF data, EPSC Abstracts (Vol. 6, EPSC-DPS 2011-583-1, p. 583). Nantes, France: EPSC-DPS Joint Meeting.

Hamelin, M., Grard, R., López-Moreno, J. J., Schwingenschuh, K., Béghin, C., Berthelier, J. J., & Simões, F. (2009). Comment on
“Evidence of electrical activity on Titan drawn from the Schumann resonances sent by Huygens probe” by J.A. Morente, J.A. Portí, A.
Salinas, E.A. Navarro [2008, Icarus, 195, 802-811]. Icarus, 204(1), 349–351. https://doi.org/10.1016/j.icarus.2009.01.031

Horner, F. (1965). Radio noise in space originating in natural terrestrial sources. Planetary and Space Science, 13(11), 1137–1150.
https://doi.org/10.1016/0032-0633(65)90144-3

Imai, M., Imai, K., Higgins, C. A., & Thieman, J. R. (2011). Comparison between Cassini and Voyager observations of Jupiter's decametric
and hectometric radio emissions. Journal of Geophysical Research, 116, A12233. https://doi.org/10.1029/2011JA016456

Köhn, C., Dujko, S., Chanrion, O., & Neubert, T. (2019). Streamer propagation in the atmosphere of Titan and other N2:CH4 mixtures
compared to N2:O2 mixtures. Icarus, 333, 294–305. https://doi.org/10.1016/j.icarus.2019.05.036

Kovács, T., & Turányi, T. (2010). Chemical reactions in the Titan's troposphere during lightning. Icarus, 207(2), 938–947. https://doi.org/
10.1016/j.icarus.2010.01.001

Mishra, A., Michael, M., Tripathi, S. N., & Béghin, C. (2014). Revisited modeling of Titan's middle atmosphere electrical conductivity.
Icarus, 238, 230–234. https://doi.org/10.1016/j.icarus.2014.04.018

Morente, J. A., Portí, J. A., Salinas, A., & Navarro, E. A. (2008). Evidence of electrical activity on Titan drawn from the Schumann
resonances sent by Huygens probe. Icarus, 195(2), 802–811. https://doi.org/10.1016/j.icarus.2008.02.004

Petculescu, A., & Kruse, R. (2014). Predicting the characteristics of thunder on Titan: A framework to assess the detectability of lightning
by acoustic sensing. Journal of Geophysical Research: Planets, 119, 2167–2176. https://doi.org/10.1002/2014JE004663

Plankensteiner, K., Reiner, H., Rode, B. M., Mikoviny, T., Wisthaler, A., Hansel, A., et al. (2007). Discharge experiments simulating
chemical evolution on the surface of Titan. Icarus, 187(2), 616–619. https://doi.org/10.1016/j.icarus.2006.12.018

Rakov, V. A., & Uman, M. A. (2003). Lightning, physics and effects. Cambridge, UK: Cambridge University Press.
Schwingenschuh, K., Molina-Cuberos, G. J., Eichelberger, H. U., Torkar, K., Friedrich, M., Grard, R., et al. (2001). Propagation of

electromagnetic waves in the lower ionosphere of Titan. Advances in Space Research, 28(10), 1505–1510.

FISCHER ET AL. 8 of 9

 21699100, 2020, 9, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2020JE

006496 by U
niversity O

f Iow
a, W

iley O
nline L

ibrary on [17/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/2013JE004569
https://doi.org/10.1016/j.pss.2009.04.006
https://doi.org/10.1016/j.pss.2009.04.006
https://doi.org/10.1002/2013JE004569
https://doi.org/10.1002/2013JE004569
https://doi.org/10.1016/0019-1035(88)90145-5
https://doi.org/10.1016/0019-1035(84)90188-X
https://doi.org/10.1038/s41586-018-0156-5
https://doi.org/10.1029/2002JD002347
https://doi.org/10.1038/343442a0
https://doi.org/10.1038/343442a0
https://doi.org/10.1051/0004-6361:20000006
https://doi.org/10.1016/j.icarus.2006.02.010
https://doi.org/10.1029/2011GL047316
https://doi.org/10.1029/2011GL047316
https://doi.org/10.1007/s11214-008-9370-z
https://doi.org/10.1029/2007GL031668
https://doi.org/10.1029/2006GL026766
https://doi.org/10.1051/0004-6361/201833014
https://doi.org/10.1038/nature04314
https://doi.org/10.1017/CBO9780511667398.014
https://doi.org/10.1016/j.pss.2006.05.036
https://doi.org/10.1016/j.pss.2006.05.036
https://doi.org/10.1017/CBO9780511667398.009
https://doi.org/10.1007/s11214-004-1434-0
https://doi.org/10.1016/j.pss.2007.04.008
https://doi.org/10.1016/j.icarus.2009.01.031
https://doi.org/10.1016/0032-0633(65)90144-3
https://doi.org/10.1029/2011JA016456
https://doi.org/10.1016/j.icarus.2019.05.036
https://doi.org/10.1016/j.icarus.2010.01.001
https://doi.org/10.1016/j.icarus.2010.01.001
https://doi.org/10.1016/j.icarus.2014.04.018
https://doi.org/10.1016/j.icarus.2008.02.004
https://doi.org/10.1002/2014JE004663
https://doi.org/10.1016/j.icarus.2006.12.018


Journal of Geophysical Research: Planets 10.1029/2020JE006496

Tokano, T., Molina-Cuberos, G. J., Lammer, H., & Stumptner, W. (2001). Modelling of thunderclouds and lightning generation on Titan.
Planetary and Space Science, 49(6), 539–560. https://doi.org/10.1016/S0032-0633(00)00170-7

Zarka, P. (1985). On detection of radio bursts associated with Jovian and Saturnian lightning. Astronomy & Astrophysics, 146(1), L15–L18.

FISCHER ET AL. 9 of 9

 21699100, 2020, 9, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2020JE

006496 by U
niversity O

f Iow
a, W

iley O
nline L

ibrary on [17/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/S0032-0633(00)00170-7


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


