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ABSTRACT: Positive streamers require either photo-ionizatorbackground ionization to propagate. We
have investigated the effects of these competinchar@sms by comparing diameters, velocities andttre of
positive streamers in numerical simulations andeexrpents. We draw conclusions on the importancehoto-
ionization and background ionization for streamarstmospheric air and other:®, mixtures. Furthermore,
we provide an explanation for the presence of fadike structures in streamers in nitrogen.

1. INTRODUCTION
Streamers are fast moving ionization fronts thateap during the first stage of sparks and lightning
However, they can also occur independently in ptassactors as well as in sprites above thunderstand as
the streamer corona of a lightning leader Strearoamspropagate both with and against the direabibthe
electric field (positive and negative streamerd)e ownwards propagating channels of sprites anergy
positive streamers. Despite propagating against
the electron drift direction, positive streamers
emerge more easily and propagate faster 'Nitrogen
negative streamers [Briels et al., 2008, Luque GIUBEuRyeE! Sat
al.,, 2008]. Contrary to negative streamerg 09\
positive streamers need a source of electrons
front of the streamer head in order to propagat
This source can be either photo-ionization o
background ionization. Background ionizationfaluititatl ETia
in the form of negative ions can come fro
ionization generated by radioactive materialj
such as radon, from cosmic or solar radiation ¢

from leftover ionization from a previous
discharge in a situation with repetitive
discharges. We have investigated the relativFigure 1. Experiments of streamers in a 16 cm needle-
importance of these different sources of seeplane geometry. A positive voltage pulse of 25 kV is
electrons on the propagation of positiveapplied to the needle electrode. Pressure is 200 mbar,
streamers in standard temperature and pressitemperature is room temperature. Figure reproduced from
[Wormeester et al, 2010] and we will
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extrapolate these results to other pressures andagapositions at the conference. The effect ofglmmization
can be studied by altering the nitrogen-oxygerorats the photo-ionization process involves antedainitrogen
molecule emitting a UV-photon which can ionize atygen molecule. The amount of ionizing photons esal
with the nitrogen density, while the absorptiongdgnscales inversely with the oxygen density. Baockgd
ionization can be studied by altering the repatiticequency of repeated discharges or by addingaative
admixtures.

2. EXPERIMENTAL RESULTS

Experiments were performed in a setup with a nepldiee geometry with a 16 cm gap between electrodes
The setup can be used for high purity gases (witburities of 0.1 ppm or less, depending on thetpud the
source gas) and pressures from 20 mbar to 1 bae M&tails about the experimental setup and itdteesan be
found in [Nijdam et al., 2010].

Figure 1 shows the results of experiments in varibkO, mixtures at 200 mbar. While the velocity and
minimal diameter of the streamer seems to be vesgrisitive to the gas composition (values withia order of
magnitude between different gases), the morphotifgithe streamers does change considerably. Streaimer
high-purity nitrogen (less than 1 ppm of impurijidganch far more than streamers in air and theggn
streamers exhibit a feather-like structure, wittaliairs connecting to the main streamer channels.

3. SIMULATION MODEL AND PARAMETERS

We have used the fluid code described by Luqué. §2@08] to simulate streamers. The code usesid fl
approximation for particle densities, where eleatrarift and diffuse, while ions and neutrals aomsidered
stationary. The electric field is coupled via Poiss equation. Reactions included are impact idioiza
attachment, detachment and recombination withaagdficients taken from BOLSIG+ [Hagelaar and Pibed,
2005] and Kossyi et al. [1992]. Photo-ionizationinsluded using the commonly used model by Zhelakny
[1982] implemented in differential form by Luque at [2007]. Additional details of the model and it
implementation can be found in [Wormeester et211,0].

The simulations were performed with a needle-plgeemetry with a gap of 4 mm or 8 mm with a 12 or
24 kV potential between the charged needle andgtbended plate. The simulation volume was filledhwi
artificial air (80:20 N:O,) or pure N with 1 ppm Q, both at standard temperature and pressure. &s aglsere
background ionization was studied, a uniform lexfeD,” and positive ions was added. As an initial coonditia
Gaussian seed of electrons and positive ions is
added at the tip of the needle to initiate
streamer formation.

4. SIMULATION RESULTS sl

We simulated streamers in air with either
photo-ionization or varying levels of gz, ]
background ionization. The lowest level, ~ -~ Photo—ionization
10°cm®, corresponds to the expected level o 1L /,"/,"’ :125 Z:* gf
background ionization in buildings ':1”: - e cm‘sof
[Pancheshnyi, 2005], while the highest level 0 5 7 = - 2 o
10’cmi® corresponds to the ionization t (ns)
remaining with repetitive discharges with aFigure 2. Sreamer head as function of time for 4 streamers
1 Hz repetition frequency. in air in a 4 mm gap. Smulations use either photo-

The results can be seen in figure 2. Adonization or background ionization. Background ionization
soon as the background ionization level g~ "= ~7= fmfomtost Bt s ommn s s e m b ol o
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sufficiently high, streamers can propagate withghato-ionization. The level of #8m" 3, corresponding to the

expected level of ionization in “virgin” air, is heufficient for positive streamers to propagatehwit the
photo-ionization mechanism. Once a sufficient lesebackground ionization is present however, iheetit
takes for the streamer to cross the electrode gapndt depend strongly on the level of backgrowmization.
Going from 10cm® down to 16cm® increases this

time by only 20%.

In reality, both photo-ionization and 3
background ionization will be present. We have
therefore simulated streamers with both of thes
mechanisms present to determine  whicl z
mechanism dominates streamer properties. | ELS-
figure 3 it can be seen that photo-ionizatior > 1l —o0em™0;
dominates streamer propagation unless a very hifg ~  |y<s===== - 10%em™ 0y ||

level of background ionization, ¥ocni® or more, ---10""em™ 0]
is present. This level corresponds to the residu 0 1 2 3 4 5
ionization of repetitive discharges with a repetiti Hno
frequency of 10 kHz. For all naturally occurring
streamers in air at standard temperature ar S _
pressure, the influence of background ionizatioﬁ_“l T e e e
will be negligible.

In nitrogen with a 1 ppm oxygen admixture, the rolgohoto-ionization is diminished as the charastier
absorption length of ionizing photons increasesover 5 orders of magnitude from 1.3 mm to 260 m.
Nevertheless, photo-ionization alone is sufficiengenerate propagating positive streamers withoiés and

Figure 3. Velocities of streamers with photo-ionization
and varying levels of background ionization in air. The

diameters that are remarkably similar to thoseirinTais was also seen in experiments as mentiamagction
2.

In near-pure nitrogen, the role of 3
background ionization is more pronouncec ---0cm™®
. . 250 | ___ 7. -3 P
than in air, de to the lower amount of photo- — 139 E:S

ionization events. In figure 4 it can be seen the
background ionization already has a noticeabl
effect on the propagation at levels of in>.
This level of background ionization correspond:
to a repetition frequency of 1 Hz.

While streamers in nitrogen have velocities 0

and diameters that are similar to streamers in a
the nitrogen streamers exhibit a feather-likeFigure 4. Position of streamer head of streamers in nitrogen

structure with thin hairs connecting to the mair™ith 1 ppm of oxygen with photo-ionization and varying
streamer channel [Nijdam et al., 2010]. sucllevels of background ionization. The level of background

t (ns)

S a0t a0 et . _ . _2

structures were not seen in air. We hypothesize
that these hairs are avalanches started by
individual electrons in the region where the eiectield exceeds the breakdown field. In air, phmoization
generates so many electrons that these avalanebdamand are not distinctly visible. In high gymitrogen,
simulations show that the density of electronsidatthe streamer is 3 orders of magnitude lowen thaair, low
enough for individual avalanches to be visible [Weester et al., 2011].
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5. CONCLUSIONS

Despite needing a source of electrons in fronthaf streamer head, positive streamers appear to be
remarkably insensitive to the amount and distrdoutdf these electrons. Large changes in gas cotiggosir
background ionization level result in only smalbalges to the streamer velocity and minimal diametérough
streamer morphology does change with gas compositio

We have found that both photo-ionization and baskgd ionization can provide sufficiently many free
electrons for the propagation of positive stream@fishout photo-ionization, a minimum level of backund
ionization is required, focm® was not sufficient to generate a streamer thatse the electrode gap in air. In
air, photo-ionization will dominate streamer progign unless background ionization levels are Vegp, 16"
cni® or more.

In nitrogen with 1 ppm oxygen, photo-ionizationlgtroduced sufficiently many electrons for streasnt®
propagate, but due to the lower photo-ionizatimele, the effects of background ionization wereadty visible
at levels of 10 cmi®, corresponding to a 1 Hz repetition frequency tandard temperature and pressure.
Additionally, the lower level of free electrons sigte the streamer can explain why feather-likecttines were
seen in experiments in nitrogen, but not in air.

The remarkable robustness of streamer propertidsrdarge changes of the gas composition or theceou
of the seed electrons encourages the investigafitie possibility of sprites and other dischargemmena on
other planets, such as Venus and Jupiter, whenghtbi®-ionization mechanism as it is present JrONmixtures
is absent [Dubrovin et al., 2010].
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