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Streamers are weakly ionized thin plasma channels driven by highly nonlinear space charge 

waves. At ground pressure they are mainly responsible for the filamentary behavior of discharges. 

They also initiate the spark discharges and are important for the understanding of lightning. It is 

very interesting to note that filamentary discharges are present for a considerable range of spatial 

scales, from a few millimeters long microdischarges in dielectric barrier discharges at ground 

pressure to large-scale electrical discharges present in the mesosphere and in the lower ionosphere 

above large thunderstorms, so-called sprites, which can propagate over a few tens of kilometers 

[1, 2]. 

To model the whole streamer dynamics, radiative processes have to be taken into account. 

The main radiative process for propagation of streamers in large gaps is the photoionization, that 

is the creation of photoelectrons by absorption of UV photons emitted by the high-field region (the 

head of the streamer). In simulation of streamers in air the most widely used model of 

photoionization is the integral equation approach based on the model developed by Zheleznyak et 

al. [3]. As this is an integral model, the source term of photoionization at each position of the 

simulation domain requires a calculation of an integral over all source points, which is very time-

consuming. 

Recently, in order to overcome this problem Ségur et al. [4] proposed a differential 

approach (replacing the integral equation with a differential equation which is very fast to solve 

numerically) named “SP3 model” based on a physical approximation of the radiative transfer 

equation. Another differential approach based on the approximation of the integral equation of the 

Zheleznyak’s model named “Helmholtz model” was also proposed [5]. These two differential 

approaches were strongly refined by Bourdon et al. [6] to take into account the complex spectral 

dependence of photoionization in air leading to the “3-group SP3” and the “3-exponential 

Helmholtz” models. The accuracy of these two models has been demonstrated in [6] for a double-

headed streamer propagation in a uniform background electric field E0 greater than the breakdown 

field Ek, that is a case where the ionization source term is dominant and controls the streamer 

dynamics. To get further, Liu et al. [7] demonstrated the accuracy of the differential models in an 

inhomogeneous electric field (the streamer initiates in the high field region E>Ek then propagates 

in the weak field region E<Ek) (Fig. 1), that is a case where the photoionization predominantly 

controls the propagation of the streamer [8]. 
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 In this work we demonstrate that the 3-group SP3 model is more accurate than the 3-

exponential Helmholtz method for the streamer propagation in air under different weak field 

conditions and for different pressures. In Liu et al. [7], we have shown that the 3-group SP3 model 

opens the possibility of introducing efficient physical boundary conditions based on radiative 

transfer equation. In this talk we also discuss in detail the influence of boundary conditions on the 

streamer modeling results. 

 

 

 

 
 

Fig. 1 Profiles of streamer electron density (on the left) and electric field (on the right) along the 

symmetry axis of the computational domain at the time t=17.5ns for different photoionization 

models. The inhomogeneous electric field is generated by a conducting sphere with a radius 

b=0.1cm and a potential of 6.5kV outside the domain (on the left), touching it at z=0. The 

sphere and the domain are immersed in an electric field of 10kV/cm. The streamer is initiated 

via neutral plasma with Gaussian distribution at t=0ns (graph on the left) [7]. 
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