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Modeling chemistry in a gas discharge is a research field of growing interest, describing

systems of increasing complexity such as CO2 destruction [1], methane combustion [2] and

ammonia synthesis [3]. These chemical models must include processes induced by electron

impact, whose rate coefficients are determined from the electron energy distribution function

(eedf), obtained by solving the Boltzmann equation for free electrons [4]. From the eedf it is

possible to determine other fundamental quantities of the electron gas such as mobility, mean

energy, diffusion (swarm data), needed for a complete characterization of the discharge [5]. To

reduce computational time, rate coefficients and swarm data are tabulated as a function of E/N

(reduced electric field) [6], namely local field approximation (LFA), or to the mean electron

energy [7], i.e. local mean energy approximation (LEA). These approaches are based on two
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Figure 1: Schematic view of SC-StS approach.

assumptions [8]: 1) the eedf is stationary and

2) it depends only on E/N. As a consequence,

the influence of the evolution of the plasma

composition and of the population of excited

states on the eedf is neglected and only tran-

sitions from the ground state are considered.

These limits can only be overcome by using

the self-consistent state-to-state (SC-StS) ap-

proach [9, 10, 11], which solves, at each time step, the Boltzmann equation for free electrons

and the master equations for chemical species and level population (see Fig. 1), accounting for

the influence of the excited states on the eedf. The SC-StS approach has been applied to ni-

trogen [13] and hydrogen [14] to evaluate the effects of using a complete sets of vibrationally-

resolved cross sections in affecting the dissociation and ionization kinetics in different kind

of discharges. In the last two years, a Round Robin [12] activity has been carried out for the

verification of the plasma kinetic codes used by different research groups, trying to rationalize

the discrepancies. During this activity, the relevance of superelastic collisions in affecting the

eedf was highlighted, in turn reflecting also on the plasma kinetics. Superelastic collisions are

processes where an electron gains energy by de-exciting an atom or a molecule. In this class

of transitions we include also the reverse of chemical processes induced by electron collisions,

such as dissociation and ionization, entering the Boltzmann equation as described in Ref. [4].
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As first test case, argon ionization kinetics was investigated, considering the metastable state

Ar? and the ion Ar+. In Fig. 2, electron (e−) and metastable state densities, together with re-

duced electric field E/N have been reported, comparing results obtained with the complete

SC-StS approach with those neglecting the superelastic collisions in the Boltzmann equation

(NoSup), but including them in the master equation, mimicking the local field approximation.
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Figure 2: Electric field profile, electron and argon

metastable densities in SC-StS (continuous lines)

and NoSup (dashed lines) cases.

The results were obtained feeding the dis-

charge with a given power profile (see inset

in Fig. 2) at pressure p = 0.1 bar and tem-

perature T = 300 K, calculating the electric

field from the relation P = ~J · ~E = NeµeE2

where Ne and µe are electron density and

mobility respectively. Initially, Ne = 1 cm−3

while argon is in the ground state. The re-

sults show that, for t < 0.2 ms (E/N >

15 eV), including or neglecting superelas-

tic collisions in the Boltzmann equation

does not make any difference in discharge quantities. When E/N > 15 eV, supere-

lastic collisions become relevant. The SC-StS model gives higher ionization and lower

metastable density than NoSup. The increase of the ionization degree induces a fur-

ther reduction in the electric field, making superelastic collisions even more important.
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Figure 3: Time evolution of the eedf calculated in

SC-StS and NoSup cases.

Superelastic collisions create plateaux in

the eedf (see Fig. 3), increasing the ioniza-

tion rates, and depopulating the metastable

level. In practice, the energy stored in the

metastable state during the discharge is trans-

ferred to ionization, by means of electrons,

when the electric field is not sufficient to sus-

tain the discharge. A deeper view to the evo-

lution of the eedf in the two cases (Fig. 3)

will clarify these aspects. Up to t = 10 µs, the

eedf’s in the two cases evolves in the same way, while at t = 100 µs, the distribution tail in the

SC-StS case presents a plateau, while in the NoSup case it still decreases exponentially, slowly

cooling up to t = 1 ms. On the other hand, in this time interval, the SC-StS distribution in the

middle energy range decreases much faster than in NoSup case, because superelastic collisions
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contribute to the cooling of low energy electrons. Nevertheless, the eedf tail, produced by su-

perelastic collisions of electrons with energy around 10 eV with Ar?, grows of about a factor 40.

10–2 10–1 100 101 102

104

105

106

10–1

100

101

El
ec

tro
n 

M
ob

ili
ty

 [c
m

3 
V

-1
 s-1

]

E/N [Td]

Electron m
ean energy [eV

]

µe

"e

Figure 4: Electron mobility (µe) and mean energy

(εe) as a function of the reduced electric field in the

SC-StS. The arrows indicates the direction of time.

Between 1 and 10 ms, the distribution in

the middle energy range is depleted, however,

in the SC-StS case, a plateau is produced by

the three-body recombination (2e−+Ar+ →

e−+Ar). After t = 10 ms, the electric field is

practically null. In the NoSup case, the distri-

butions are rapidly cooling, reaching the equi-

librium with the gas temperature at t = 0.1 s.

In SC-StS case, the eedf cools down more

slowly. After t = 0.1 s, the plateau is pro-

duced by superelastic collisions of cold elec-

trons and relaxation of the distribution is very slow. It should be noted that electron mobility is

a function not only of the electric field, but also of the metastable density, a behavior already

demonstrated for helium [15].
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t0 = 10�7 s
<latexit sha1_base64="FurWnBv3QTkKFSXU6eIpvfl9CcY=">AAACAHicbVDLSsNAFJ3UV62vqks3g0VwY0lEqCBC0Y3LCvYBbVom09s6dDIJMzdCCd34FW515U7c+icu/BeTmIW2ntXhnHu55x4vlMKgbX9ahaXlldW14nppY3Nre6e8u9cyQaQ5NHkgA93xmAEpFDRRoIROqIH5noS2N7lO/fYDaCMCdYfTEFyfjZUYCc4wkfo4sC8dux+f1Ga9CzMoV+yqnYEuEicnFZKjMSh/9YYBj3xQyCUzpuvYIbox0yi4hFmpFxkIGZ+wMXQTqpgPxo2z1DN6FBmGAQ1BUyFpJsLvjZj5xkx9L5n0Gd6beS8V//O6EY7O3VioMEJQPD2EQkJ2yHAtkjqADoUGRJYmByoU5UwzRNCCMs4TMUr6KSV9OPPfL5LWadWxq87tWaV+lTdTJAfkkBwTh9RIndyQBmkSTjR5Is/kxXq0Xq036/1ntGDlO/vkD6yPb6HBlfA=</latexit><latexit sha1_base64="FurWnBv3QTkKFSXU6eIpvfl9CcY=">AAACAHicbVDLSsNAFJ3UV62vqks3g0VwY0lEqCBC0Y3LCvYBbVom09s6dDIJMzdCCd34FW515U7c+icu/BeTmIW2ntXhnHu55x4vlMKgbX9ahaXlldW14nppY3Nre6e8u9cyQaQ5NHkgA93xmAEpFDRRoIROqIH5noS2N7lO/fYDaCMCdYfTEFyfjZUYCc4wkfo4sC8dux+f1Ga9CzMoV+yqnYEuEicnFZKjMSh/9YYBj3xQyCUzpuvYIbox0yi4hFmpFxkIGZ+wMXQTqpgPxo2z1DN6FBmGAQ1BUyFpJsLvjZj5xkx9L5n0Gd6beS8V//O6EY7O3VioMEJQPD2EQkJ2yHAtkjqADoUGRJYmByoU5UwzRNCCMs4TMUr6KSV9OPPfL5LWadWxq87tWaV+lTdTJAfkkBwTh9RIndyQBmkSTjR5Is/kxXq0Xq036/1ntGDlO/vkD6yPb6HBlfA=</latexit><latexit sha1_base64="FurWnBv3QTkKFSXU6eIpvfl9CcY=">AAACAHicbVDLSsNAFJ3UV62vqks3g0VwY0lEqCBC0Y3LCvYBbVom09s6dDIJMzdCCd34FW515U7c+icu/BeTmIW2ntXhnHu55x4vlMKgbX9ahaXlldW14nppY3Nre6e8u9cyQaQ5NHkgA93xmAEpFDRRoIROqIH5noS2N7lO/fYDaCMCdYfTEFyfjZUYCc4wkfo4sC8dux+f1Ga9CzMoV+yqnYEuEicnFZKjMSh/9YYBj3xQyCUzpuvYIbox0yi4hFmpFxkIGZ+wMXQTqpgPxo2z1DN6FBmGAQ1BUyFpJsLvjZj5xkx9L5n0Gd6beS8V//O6EY7O3VioMEJQPD2EQkJ2yHAtkjqADoUGRJYmByoU5UwzRNCCMs4TMUr6KSV9OPPfL5LWadWxq87tWaV+lTdTJAfkkBwTh9RIndyQBmkSTjR5Is/kxXq0Xq036/1ntGDlO/vkD6yPb6HBlfA=</latexit><latexit sha1_base64="FurWnBv3QTkKFSXU6eIpvfl9CcY=">AAACAHicbVDLSsNAFJ3UV62vqks3g0VwY0lEqCBC0Y3LCvYBbVom09s6dDIJMzdCCd34FW515U7c+icu/BeTmIW2ntXhnHu55x4vlMKgbX9ahaXlldW14nppY3Nre6e8u9cyQaQ5NHkgA93xmAEpFDRRoIROqIH5noS2N7lO/fYDaCMCdYfTEFyfjZUYCc4wkfo4sC8dux+f1Ga9CzMoV+yqnYEuEicnFZKjMSh/9YYBj3xQyCUzpuvYIbox0yi4hFmpFxkIGZ+wMXQTqpgPxo2z1DN6FBmGAQ1BUyFpJsLvjZj5xkx9L5n0Gd6beS8V//O6EY7O3VioMEJQPD2EQkJ2yHAtkjqADoUGRJYmByoU5UwzRNCCMs4TMUr6KSV9OPPfL5LWadWxq87tWaV+lTdTJAfkkBwTh9RIndyQBmkSTjR5Is/kxXq0Xq036/1ntGDlO/vkD6yPb6HBlfA=</latexit>

R̃[⌦ cm] = R
S

d
<latexit sha1_base64="q8n6qEVQK4O9uji9YH0Osn/3bEU=">AAACGXicbVDLSgNBEJyN7/iKevQyGARPYVcEBRGCXrz5TCJkl9A76cQhM7vLTK8gy36Bn+BXeNWTN/HqyYP/4ibm4KtORVU33VVhoqQl1313ShOTU9Mzs3Pl+YXFpeXKymrTxqkR2BCxis1VCBaVjLBBkhReJQZBhwpb4eBo6Ldu0FgZR5d0m2CgoR/JnhRAhdSpbPokVRez85y3/RONffD3hQ74AT/3ewZEdpFn3bxTqbo1dwT+l3hjUmVjnHYqH343FqnGiIQCa9uem1CQgSEpFOZlP7WYgBhAH9sFjUCjDbJRnJxvphYo5gkaLhUfifh9IwNt7a0Oi0kNdG1/e0PxP6+dUm8vyGSUpISRGB4qwuPokBVGFj0h70qDRDD8HLmMuAADRGgkByEKMS2KKxd9eL/T/yXN7Zrn1ryznWr9cNzMLFtnG2yLeWyX1dkxO2UNJtgde2CP7Mm5d56dF+f1a7TkjHfW2A84b5+/eaBM</latexit><latexit sha1_base64="q8n6qEVQK4O9uji9YH0Osn/3bEU=">AAACGXicbVDLSgNBEJyN7/iKevQyGARPYVcEBRGCXrz5TCJkl9A76cQhM7vLTK8gy36Bn+BXeNWTN/HqyYP/4ibm4KtORVU33VVhoqQl1313ShOTU9Mzs3Pl+YXFpeXKymrTxqkR2BCxis1VCBaVjLBBkhReJQZBhwpb4eBo6Ldu0FgZR5d0m2CgoR/JnhRAhdSpbPokVRez85y3/RONffD3hQ74AT/3ewZEdpFn3bxTqbo1dwT+l3hjUmVjnHYqH343FqnGiIQCa9uem1CQgSEpFOZlP7WYgBhAH9sFjUCjDbJRnJxvphYo5gkaLhUfifh9IwNt7a0Oi0kNdG1/e0PxP6+dUm8vyGSUpISRGB4qwuPokBVGFj0h70qDRDD8HLmMuAADRGgkByEKMS2KKxd9eL/T/yXN7Zrn1ryznWr9cNzMLFtnG2yLeWyX1dkxO2UNJtgde2CP7Mm5d56dF+f1a7TkjHfW2A84b5+/eaBM</latexit><latexit sha1_base64="q8n6qEVQK4O9uji9YH0Osn/3bEU=">AAACGXicbVDLSgNBEJyN7/iKevQyGARPYVcEBRGCXrz5TCJkl9A76cQhM7vLTK8gy36Bn+BXeNWTN/HqyYP/4ibm4KtORVU33VVhoqQl1313ShOTU9Mzs3Pl+YXFpeXKymrTxqkR2BCxis1VCBaVjLBBkhReJQZBhwpb4eBo6Ldu0FgZR5d0m2CgoR/JnhRAhdSpbPokVRez85y3/RONffD3hQ74AT/3ewZEdpFn3bxTqbo1dwT+l3hjUmVjnHYqH343FqnGiIQCa9uem1CQgSEpFOZlP7WYgBhAH9sFjUCjDbJRnJxvphYo5gkaLhUfifh9IwNt7a0Oi0kNdG1/e0PxP6+dUm8vyGSUpISRGB4qwuPokBVGFj0h70qDRDD8HLmMuAADRGgkByEKMS2KKxd9eL/T/yXN7Zrn1ryznWr9cNzMLFtnG2yLeWyX1dkxO2UNJtgde2CP7Mm5d56dF+f1a7TkjHfW2A84b5+/eaBM</latexit><latexit sha1_base64="q8n6qEVQK4O9uji9YH0Osn/3bEU=">AAACGXicbVDLSgNBEJyN7/iKevQyGARPYVcEBRGCXrz5TCJkl9A76cQhM7vLTK8gy36Bn+BXeNWTN/HqyYP/4ibm4KtORVU33VVhoqQl1313ShOTU9Mzs3Pl+YXFpeXKymrTxqkR2BCxis1VCBaVjLBBkhReJQZBhwpb4eBo6Ldu0FgZR5d0m2CgoR/JnhRAhdSpbPokVRez85y3/RONffD3hQ74AT/3ewZEdpFn3bxTqbo1dwT+l3hjUmVjnHYqH343FqnGiIQCa9uem1CQgSEpFOZlP7WYgBhAH9sFjUCjDbJRnJxvphYo5gkaLhUfifh9IwNt7a0Oi0kNdG1/e0PxP6+dUm8vyGSUpISRGB4qwuPokBVGFj0h70qDRDD8HLmMuAADRGgkByEKMS2KKxd9eL/T/yXN7Zrn1ryznWr9cNzMLFtnG2yLeWyX1dkxO2UNJtgde2CP7Mm5d56dF+f1a7TkjHfW2A84b5+/eaBM</latexit>
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R̃ =
<latexit sha1_base64="aBVr6uWAJ2L/X0Te+JA44z7eCP0=">AAACInicbVC7SgNBFL0b3+szWtoMBsEqu2ujjRhUxMIiitFANoTZySQZMruzzNwVQwj4FbZa+C+CnVgJfoyTRxP1wMDhnDOce2+USmHQ97+c3Mzs3PzC4pK7vLK6tr6R37w1KtOMV5iSSlcjargUCa+gQMmrqeY0jiS/i7qnQ//unmsjVHKDvZTXY9pOREswilYKQxSyyfvXA3JEGhsFv+iPQP6SYEIKx2/u0SMAlBt5B8KmYlnME2SSGlML/BTrfapRMMkHbpgZnlLWpW3eH406ILtWapKW0vYlSEbqVI7GxvTiyCZjih3z2xuK/3m1DFuH9b5I0gx5wsZFrUwSVGS4N2kKzRnKniWUaWEnJKxDNWVorzPV4p0rXdaqrW2dd0lv+MOZYl7cm/ie6SiNozlc194s+H2hv+R2vxj4xeDKL5ROYIxF2IYd2IMADqAEF1CGCjBI4Qme4cV5dd6dD+dzHM05kz9bMAXn+wfhUKQh</latexit><latexit sha1_base64="DFdYDKLyqEg3kzZsPryf29QyfPM=">AAACInicbVBNSwMxFHzrZ10/q0cvwSJ4ane96KUoKuLBQxVrBVskm6ZtaHazJG/FsvRveFXQ/yJ4Ew8i+GNMt73UOhAYZibMey+IpTDoed/O1PTM7Nx8bsFdXFpeWV3Lr18blWjGq0xJpW8CargUEa+iQMlvYs1pGEheC7rHA792z7URKrrCXswbIW1HoiUYRSvV6yhkk6eXfVImd2sFr+hlIJPEH5HCwZtbjl++3Mpd3oF6U7Ek5BEySY259b0YGynVKJjkfbeeGB5T1qVtnmaj9sm2lZqkpbR9EZJMHcvR0JheGNhkSLFj/noD8T/vNsHWfiMVUZwgj9iwqJVIgooM9iZNoTlD2bOEMi3shIR1qKYM7XXGWkqnSle0amtbVzqnV/zhRLFS2Bv5JdNRGrM5XNfezP97oUlyvVv0vaJ/4RUOj2CIHGzCFuyAD3twCGdQgSowiOERnuDZeXXenQ/ncxidckZ/NmAMzs8vFzqllQ==</latexit><latexit sha1_base64="DFdYDKLyqEg3kzZsPryf29QyfPM=">AAACInicbVBNSwMxFHzrZ10/q0cvwSJ4ane96KUoKuLBQxVrBVskm6ZtaHazJG/FsvRveFXQ/yJ4Ew8i+GNMt73UOhAYZibMey+IpTDoed/O1PTM7Nx8bsFdXFpeWV3Lr18blWjGq0xJpW8CargUEa+iQMlvYs1pGEheC7rHA792z7URKrrCXswbIW1HoiUYRSvV6yhkk6eXfVImd2sFr+hlIJPEH5HCwZtbjl++3Mpd3oF6U7Ek5BEySY259b0YGynVKJjkfbeeGB5T1qVtnmaj9sm2lZqkpbR9EZJMHcvR0JheGNhkSLFj/noD8T/vNsHWfiMVUZwgj9iwqJVIgooM9iZNoTlD2bOEMi3shIR1qKYM7XXGWkqnSle0amtbVzqnV/zhRLFS2Bv5JdNRGrM5XNfezP97oUlyvVv0vaJ/4RUOj2CIHGzCFuyAD3twCGdQgSowiOERnuDZeXXenQ/ncxidckZ/NmAMzs8vFzqllQ==</latexit><latexit sha1_base64="vDDoB3gunLMf7IYQ9eqLurBeyOk=">AAACInicbVBNS0JBFL3Pvsy+tJZthiRope+1qU0gFdGihYVfoCLzxlEH5715zNwXifg32taiX9MuWgX9mEZ9G7UDA4dzznDvPX4khUHX/XFSa+sbm1vp7czO7t7+QTZ3WDMq1oxXmZJKN3xquBQhr6JAyRuR5jTwJa/7w5upX3/m2ggVVnAU8XZA+6HoCUbRSq0WCtnl46cJuSKdbN4tuDOQVeIlJA8Jyp2cA62uYnHAQ2SSGtP03AjbY6pRMMknmVZseETZkPb5eLbqhJxaqUt6StsXIpmpCzkaGDMKfJsMKA7MsjcV//OaMfYu22MRRjHykM0H9WJJUJHp3aQrNGcoR5ZQpoXdkLAB1ZShbWdhSvFO6bJWfW3HFR9ohb/cKlYMRolfNAOlcbZHJmM785YbWiW184LnFrxHN1+6TtpLwzGcwBl4cAEluIcyVIFBBK/wBu/Oh/PpfDnf82jKSf4cwQKc3z8ddaJU</latexit>

R̃ =
<latexit sha1_base64="aBVr6uWAJ2L/X0Te+JA44z7eCP0=">AAACInicbVC7SgNBFL0b3+szWtoMBsEqu2ujjRhUxMIiitFANoTZySQZMruzzNwVQwj4FbZa+C+CnVgJfoyTRxP1wMDhnDOce2+USmHQ97+c3Mzs3PzC4pK7vLK6tr6R37w1KtOMV5iSSlcjargUCa+gQMmrqeY0jiS/i7qnQ//unmsjVHKDvZTXY9pOREswilYKQxSyyfvXA3JEGhsFv+iPQP6SYEIKx2/u0SMAlBt5B8KmYlnME2SSGlML/BTrfapRMMkHbpgZnlLWpW3eH406ILtWapKW0vYlSEbqVI7GxvTiyCZjih3z2xuK/3m1DFuH9b5I0gx5wsZFrUwSVGS4N2kKzRnKniWUaWEnJKxDNWVorzPV4p0rXdaqrW2dd0lv+MOZYl7cm/ie6SiNozlc194s+H2hv+R2vxj4xeDKL5ROYIxF2IYd2IMADqAEF1CGCjBI4Qme4cV5dd6dD+dzHM05kz9bMAXn+wfhUKQh</latexit><latexit sha1_base64="DFdYDKLyqEg3kzZsPryf29QyfPM=">AAACInicbVBNSwMxFHzrZ10/q0cvwSJ4ane96KUoKuLBQxVrBVskm6ZtaHazJG/FsvRveFXQ/yJ4Ew8i+GNMt73UOhAYZibMey+IpTDoed/O1PTM7Nx8bsFdXFpeWV3Lr18blWjGq0xJpW8CargUEa+iQMlvYs1pGEheC7rHA792z7URKrrCXswbIW1HoiUYRSvV6yhkk6eXfVImd2sFr+hlIJPEH5HCwZtbjl++3Mpd3oF6U7Ek5BEySY259b0YGynVKJjkfbeeGB5T1qVtnmaj9sm2lZqkpbR9EZJMHcvR0JheGNhkSLFj/noD8T/vNsHWfiMVUZwgj9iwqJVIgooM9iZNoTlD2bOEMi3shIR1qKYM7XXGWkqnSle0amtbVzqnV/zhRLFS2Bv5JdNRGrM5XNfezP97oUlyvVv0vaJ/4RUOj2CIHGzCFuyAD3twCGdQgSowiOERnuDZeXXenQ/ncxidckZ/NmAMzs8vFzqllQ==</latexit><latexit sha1_base64="DFdYDKLyqEg3kzZsPryf29QyfPM=">AAACInicbVBNSwMxFHzrZ10/q0cvwSJ4ane96KUoKuLBQxVrBVskm6ZtaHazJG/FsvRveFXQ/yJ4Ew8i+GNMt73UOhAYZibMey+IpTDoed/O1PTM7Nx8bsFdXFpeWV3Lr18blWjGq0xJpW8CargUEa+iQMlvYs1pGEheC7rHA792z7URKrrCXswbIW1HoiUYRSvV6yhkk6eXfVImd2sFr+hlIJPEH5HCwZtbjl++3Mpd3oF6U7Ek5BEySY259b0YGynVKJjkfbeeGB5T1qVtnmaj9sm2lZqkpbR9EZJMHcvR0JheGNhkSLFj/noD8T/vNsHWfiMVUZwgj9iwqJVIgooM9iZNoTlD2bOEMi3shIR1qKYM7XXGWkqnSle0amtbVzqnV/zhRLFS2Bv5JdNRGrM5XNfezP97oUlyvVv0vaJ/4RUOj2CIHGzCFuyAD3twCGdQgSowiOERnuDZeXXenQ/ncxidckZ/NmAMzs8vFzqllQ==</latexit><latexit sha1_base64="vDDoB3gunLMf7IYQ9eqLurBeyOk=">AAACInicbVBNS0JBFL3Pvsy+tJZthiRope+1qU0gFdGihYVfoCLzxlEH5715zNwXifg32taiX9MuWgX9mEZ9G7UDA4dzznDvPX4khUHX/XFSa+sbm1vp7czO7t7+QTZ3WDMq1oxXmZJKN3xquBQhr6JAyRuR5jTwJa/7w5upX3/m2ggVVnAU8XZA+6HoCUbRSq0WCtnl46cJuSKdbN4tuDOQVeIlJA8Jyp2cA62uYnHAQ2SSGtP03AjbY6pRMMknmVZseETZkPb5eLbqhJxaqUt6StsXIpmpCzkaGDMKfJsMKA7MsjcV//OaMfYu22MRRjHykM0H9WJJUJHp3aQrNGcoR5ZQpoXdkLAB1ZShbWdhSvFO6bJWfW3HFR9ohb/cKlYMRolfNAOlcbZHJmM785YbWiW184LnFrxHN1+6TtpLwzGcwBl4cAEluIcyVIFBBK/wBu/Oh/PpfDnf82jKSf4cwQKc3z8ddaJU</latexit>

R̃ =
<latexit sha1_base64="aBVr6uWAJ2L/X0Te+JA44z7eCP0=">AAACInicbVC7SgNBFL0b3+szWtoMBsEqu2ujjRhUxMIiitFANoTZySQZMruzzNwVQwj4FbZa+C+CnVgJfoyTRxP1wMDhnDOce2+USmHQ97+c3Mzs3PzC4pK7vLK6tr6R37w1KtOMV5iSSlcjargUCa+gQMmrqeY0jiS/i7qnQ//unmsjVHKDvZTXY9pOREswilYKQxSyyfvXA3JEGhsFv+iPQP6SYEIKx2/u0SMAlBt5B8KmYlnME2SSGlML/BTrfapRMMkHbpgZnlLWpW3eH406ILtWapKW0vYlSEbqVI7GxvTiyCZjih3z2xuK/3m1DFuH9b5I0gx5wsZFrUwSVGS4N2kKzRnKniWUaWEnJKxDNWVorzPV4p0rXdaqrW2dd0lv+MOZYl7cm/ie6SiNozlc194s+H2hv+R2vxj4xeDKL5ROYIxF2IYd2IMADqAEF1CGCjBI4Qme4cV5dd6dD+dzHM05kz9bMAXn+wfhUKQh</latexit><latexit sha1_base64="DFdYDKLyqEg3kzZsPryf29QyfPM=">AAACInicbVBNSwMxFHzrZ10/q0cvwSJ4ane96KUoKuLBQxVrBVskm6ZtaHazJG/FsvRveFXQ/yJ4Ew8i+GNMt73UOhAYZibMey+IpTDoed/O1PTM7Nx8bsFdXFpeWV3Lr18blWjGq0xJpW8CargUEa+iQMlvYs1pGEheC7rHA792z7URKrrCXswbIW1HoiUYRSvV6yhkk6eXfVImd2sFr+hlIJPEH5HCwZtbjl++3Mpd3oF6U7Ek5BEySY259b0YGynVKJjkfbeeGB5T1qVtnmaj9sm2lZqkpbR9EZJMHcvR0JheGNhkSLFj/noD8T/vNsHWfiMVUZwgj9iwqJVIgooM9iZNoTlD2bOEMi3shIR1qKYM7XXGWkqnSle0amtbVzqnV/zhRLFS2Bv5JdNRGrM5XNfezP97oUlyvVv0vaJ/4RUOj2CIHGzCFuyAD3twCGdQgSowiOERnuDZeXXenQ/ncxidckZ/NmAMzs8vFzqllQ==</latexit><latexit sha1_base64="DFdYDKLyqEg3kzZsPryf29QyfPM=">AAACInicbVBNSwMxFHzrZ10/q0cvwSJ4ane96KUoKuLBQxVrBVskm6ZtaHazJG/FsvRveFXQ/yJ4Ew8i+GNMt73UOhAYZibMey+IpTDoed/O1PTM7Nx8bsFdXFpeWV3Lr18blWjGq0xJpW8CargUEa+iQMlvYs1pGEheC7rHA792z7URKrrCXswbIW1HoiUYRSvV6yhkk6eXfVImd2sFr+hlIJPEH5HCwZtbjl++3Mpd3oF6U7Ek5BEySY259b0YGynVKJjkfbeeGB5T1qVtnmaj9sm2lZqkpbR9EZJMHcvR0JheGNhkSLFj/noD8T/vNsHWfiMVUZwgj9iwqJVIgooM9iZNoTlD2bOEMi3shIR1qKYM7XXGWkqnSle0amtbVzqnV/zhRLFS2Bv5JdNRGrM5XNfezP97oUlyvVv0vaJ/4RUOj2CIHGzCFuyAD3twCGdQgSowiOERnuDZeXXenQ/ncxidckZ/NmAMzs8vFzqllQ==</latexit><latexit sha1_base64="vDDoB3gunLMf7IYQ9eqLurBeyOk=">AAACInicbVBNS0JBFL3Pvsy+tJZthiRope+1qU0gFdGihYVfoCLzxlEH5715zNwXifg32taiX9MuWgX9mEZ9G7UDA4dzznDvPX4khUHX/XFSa+sbm1vp7czO7t7+QTZ3WDMq1oxXmZJKN3xquBQhr6JAyRuR5jTwJa/7w5upX3/m2ggVVnAU8XZA+6HoCUbRSq0WCtnl46cJuSKdbN4tuDOQVeIlJA8Jyp2cA62uYnHAQ2SSGtP03AjbY6pRMMknmVZseETZkPb5eLbqhJxaqUt6StsXIpmpCzkaGDMKfJsMKA7MsjcV//OaMfYu22MRRjHykM0H9WJJUJHp3aQrNGcoR5ZQpoXdkLAB1ZShbWdhSvFO6bJWfW3HFR9ohb/cKlYMRolfNAOlcbZHJmM785YbWiW184LnFrxHN1+6TtpLwzGcwBl4cAEluIcyVIFBBK/wBu/Oh/PpfDnf82jKSf4cwQKc3z8ddaJU</latexit>

R̃ =
<latexit sha1_base64="aBVr6uWAJ2L/X0Te+JA44z7eCP0=">AAACInicbVC7SgNBFL0b3+szWtoMBsEqu2ujjRhUxMIiitFANoTZySQZMruzzNwVQwj4FbZa+C+CnVgJfoyTRxP1wMDhnDOce2+USmHQ97+c3Mzs3PzC4pK7vLK6tr6R37w1KtOMV5iSSlcjargUCa+gQMmrqeY0jiS/i7qnQ//unmsjVHKDvZTXY9pOREswilYKQxSyyfvXA3JEGhsFv+iPQP6SYEIKx2/u0SMAlBt5B8KmYlnME2SSGlML/BTrfapRMMkHbpgZnlLWpW3eH406ILtWapKW0vYlSEbqVI7GxvTiyCZjih3z2xuK/3m1DFuH9b5I0gx5wsZFrUwSVGS4N2kKzRnKniWUaWEnJKxDNWVorzPV4p0rXdaqrW2dd0lv+MOZYl7cm/ie6SiNozlc194s+H2hv+R2vxj4xeDKL5ROYIxF2IYd2IMADqAEF1CGCjBI4Qme4cV5dd6dD+dzHM05kz9bMAXn+wfhUKQh</latexit><latexit sha1_base64="DFdYDKLyqEg3kzZsPryf29QyfPM=">AAACInicbVBNSwMxFHzrZ10/q0cvwSJ4ane96KUoKuLBQxVrBVskm6ZtaHazJG/FsvRveFXQ/yJ4Ew8i+GNMt73UOhAYZibMey+IpTDoed/O1PTM7Nx8bsFdXFpeWV3Lr18blWjGq0xJpW8CargUEa+iQMlvYs1pGEheC7rHA792z7URKrrCXswbIW1HoiUYRSvV6yhkk6eXfVImd2sFr+hlIJPEH5HCwZtbjl++3Mpd3oF6U7Ek5BEySY259b0YGynVKJjkfbeeGB5T1qVtnmaj9sm2lZqkpbR9EZJMHcvR0JheGNhkSLFj/noD8T/vNsHWfiMVUZwgj9iwqJVIgooM9iZNoTlD2bOEMi3shIR1qKYM7XXGWkqnSle0amtbVzqnV/zhRLFS2Bv5JdNRGrM5XNfezP97oUlyvVv0vaJ/4RUOj2CIHGzCFuyAD3twCGdQgSowiOERnuDZeXXenQ/ncxidckZ/NmAMzs8vFzqllQ==</latexit><latexit sha1_base64="DFdYDKLyqEg3kzZsPryf29QyfPM=">AAACInicbVBNSwMxFHzrZ10/q0cvwSJ4ane96KUoKuLBQxVrBVskm6ZtaHazJG/FsvRveFXQ/yJ4Ew8i+GNMt73UOhAYZibMey+IpTDoed/O1PTM7Nx8bsFdXFpeWV3Lr18blWjGq0xJpW8CargUEa+iQMlvYs1pGEheC7rHA792z7URKrrCXswbIW1HoiUYRSvV6yhkk6eXfVImd2sFr+hlIJPEH5HCwZtbjl++3Mpd3oF6U7Ek5BEySY259b0YGynVKJjkfbeeGB5T1qVtnmaj9sm2lZqkpbR9EZJMHcvR0JheGNhkSLFj/noD8T/vNsHWfiMVUZwgj9iwqJVIgooM9iZNoTlD2bOEMi3shIR1qKYM7XXGWkqnSle0amtbVzqnV/zhRLFS2Bv5JdNRGrM5XNfezP97oUlyvVv0vaJ/4RUOj2CIHGzCFuyAD3twCGdQgSowiOERnuDZeXXenQ/ncxidckZ/NmAMzs8vFzqllQ==</latexit><latexit sha1_base64="vDDoB3gunLMf7IYQ9eqLurBeyOk=">AAACInicbVBNS0JBFL3Pvsy+tJZthiRope+1qU0gFdGihYVfoCLzxlEH5715zNwXifg32taiX9MuWgX9mEZ9G7UDA4dzznDvPX4khUHX/XFSa+sbm1vp7czO7t7+QTZ3WDMq1oxXmZJKN3xquBQhr6JAyRuR5jTwJa/7w5upX3/m2ggVVnAU8XZA+6HoCUbRSq0WCtnl46cJuSKdbN4tuDOQVeIlJA8Jyp2cA62uYnHAQ2SSGtP03AjbY6pRMMknmVZseETZkPb5eLbqhJxaqUt6StsXIpmpCzkaGDMKfJsMKA7MsjcV//OaMfYu22MRRjHykM0H9WJJUJHp3aQrNGcoR5ZQpoXdkLAB1ZShbWdhSvFO6bJWfW3HFR9ohb/cKlYMRolfNAOlcbZHJmM785YbWiW184LnFrxHN1+6TtpLwzGcwBl4cAEluIcyVIFBBK/wBu/Oh/PpfDnf82jKSf4cwQKc3z8ddaJU</latexit>

SC-StS NoSup

Figure 5: Reduced electric field in N2 discharge for

different values of the reduced resistance R̃ in SC-

StS and NoSup cases.

As a consequence, electron mobility, as

well as electron mean energy (see Fig. 4), are

not a monotonic function of the applied elec-

tric field, except for E/N > 30 Td. In the rest

of the interval it presents and hysteresis loop,

related to the growing/depletion of ionization

degree and excited state density. This behav-

ior poses doubts about the validity of the local

field and local mean energy approximations

for small electric fields. Argon has been cho-

sen because is a very simple case. However,

the presence of high energy metastable state makes the effects of superelastic collisions very

large. Let us consider a pure nitrogen discharge, as a paradigm for molecular systems. The

power supply provides a pulse (see inset of Fig. 5, p = 1 bar, T = 300 K) connected to parallel

plate electrodes with gap d and section S, including a resistor R to limit the plasma current [16],

giving for the plasma field Ep = E−NeµeR̃Ep. The electric field time evolution is reported in

Fig. 5. The model includes 60 N2 vibrational and levels and 4 electronically excited states, 6

states for N, N+
2 and N+ ions. In this case, the cross section set includes processes starting from
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all vibrational levels. Therefore, vibrational superelastic collisions are considered.
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Figure 6: Comparison of e−, N and N2(A3Σ)

densities in SC-StS (continuous lines) and No-

Sup (dashed lines) for R̃ = 1 Ω cm.
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Figure 7: Comparison of vibrational distribu-

tions and eedf in SC-StS (continuous lines) and

NoSup (dashed lines) for R̃ = 1 Ω cm.

The SC-StS predicts higher concentration of electrons, atoms and electronically excited states

(see Fig. 6) than the NoSup case. Both electron and vibrational distributions (see Fig. 7) are

more energetic in the SC-StS case. The eedf relaxes more rapidly in the NoSup case, reaching

equilibrium after t = 1 µs, while at t = 10 µs, the SC-StS eedf is still far from equilibrium.

The present results, showing important differences between SC-StS and NoSup approaches,

put in evidence the importance of a self-consistent solution of the Boltzmann and master equa-

tions in modeling discharges, especially in the post discharge conditions.
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