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EXCITED ATOMS IN ARGON GAS DISCHARGE PLASMAV. P. Afanas'ev a, B. M. Smirnov b*, D. A. Zhilyaev b**aNational Resear
h University �Mos
ow Power Engineering Institute�bJoint Institute for High Temperatures, Russian A
ademy of S
ien
es125412, Mos
ow, RussiaRe
eived April 23, 2013General prin
iples are dis
ussed for a gas dis
harge plasma involving ex
ited atoms where ele
tron�atom 
ollisionpro
esses dominate. It is shown that an optimal kineti
 model of this plasma at not large ele
tri
 �eld strengthsmay be based on the rate 
onstants of quen
hing ex
ited atom states by ele
tron impa
t. The self-
onsistent
hara
ter of atom ex
itation in gas dis
harge plasma is important and results in the tail of the energy distribu-tion fun
tion of ele
trons being a�e
ted by the ex
itation pro
ess, whi
h in turn in�uen
es the ex
itation rate.These prin
iples are applied to an argon gas dis
harge plasma where ex
itation and ionization pro
esses have astepwise 
hara
ter and pro
eed via formation of argon atom states with the ele
tron shell 3p54s.DOI: 10.7868/S00444510140701771. INTRODUCTIONA gas dis
harge plasma is in prin
iple a nonequilib-rium system [1�3℄ be
ause an ele
tri
 �eld energy is �rstinje
ted into the gas through plasma ele
trons and thenele
trons transfer this energy to atoms. Hen
e, this sys-tem requires a kineti
 des
ription [4℄ based on the 
rossse
tions and rate 
onstants of elementary pro
esses. Ageneral approa
h to this problem [5, 6℄ is based on thesimultaneous analysis of the kineti
 equation for the en-ergy distribution fun
tion of ele
trons and the balan
eequations for ex
ited atoms based on the parametersof elementary pro
esses in the gas dis
harge plasma.Usually, elasti
 and inelasti
 
ollisions are importantfor the kineti
s of a gas dis
harge plasma, and the pe-
uliarity of this des
ription is su
h that the theory doesnot allow evaluating the 
ross se
tions of ele
tron�atompro
esses reliably, and therefore experimental data or
ertain s
aling models based on experimental resultsare required.Currently, there are numerous 
omputer simula-tions based on this approa
h (see, e. g., [7�11℄), but allthese raise questions. First, pro
esses of formation offast ele
trons and ex
ited atoms have a self-
onsistent
hara
ter, that is, the pro
ess of atom ex
itation leads*E-mail: bmsmirnov�gmail.
om**E-mail: zhiliay�gmail.
om

to a sharp de
rease in the ele
tron distribution fun
-tion with the in
reasing ele
tron energy, and this inturn 
auses a de
rease in the ex
itation rate. In thispaper, the 
oupling of these pro
esses is taken into a
-
ount for an argon gas dis
harge plasma with a moder-ate ele
tron number density Ne < 1013 
m�3. Se
ond,the dependen
e of the atom ex
itation 
ross se
tion onthe ele
tron energy is a

ounted for in this paper basedon the quen
hing rate 
onstants that are independentof the ele
tron energy at low energies.2. ENERGY DISTRIBUTION FUNCTION OFELECTRONSThe gas dis
harge plasma under 
onsideration is anionized gas that is supported by an external station-ary ele
tri
 �eld. We 
onsider the regime of high ele
-tron number densities where the ele
tron equilibriumresults from ele
tron�ele
tron 
ollisions, whi
h leads tothe Maxwell distribution fun
tion'0(v) = Ne � me2�Te�3=2 exp��mev22Te � ; (2.1)where v is the ele
tron velo
ity,me is the ele
tron mass,Ne is the ele
tron number density, and Te is the ele
-tron temperature. The normalization 
ondition for theele
tron distribution fun
tion has the formZ '0(v) � 4�v2dv = Ne: (2.2)160
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Fig. 1. The ele
tron temperature Te in an argon gasdis
harge plasma as a fun
tion of the redu
ed ele
-tri
 �eld strength x = E=Na given in townsends(1 Td = 10�17 V � 
m2)In the simplest method to a

ount for the in�uen
e ofinelasti
 pro
esses, we take the distribution fun
tion tobe zero at the atom ex
itation energy �", whi
h leadsto the following form of the distribution fun
tion [12℄:'0(v) = Ne� me2�Te�3=2 �� �exp�� "2Te�� exp���"Te �� ; �"� Te; (2.3)where " = mev2=2.The di�eren
e of the ele
tron Te and atom T tem-peratures at not large ele
tri
 �eld strengths E is es-tablished in elasti
 ele
tron�atom 
ollisions and is givenby [13℄ Te � T = Ma23 hv2=�eaihv2�eai : (2.4)Here, M is the atom mass, a = eE=me, where e isthe ele
tron 
harge, E is an ele
tri
 �eld strength,�ea = Nav��ea, and ��ea is the di�usion 
ross se
tionof ele
tron�atom s
attering. Being guided by the ar-gon gas dis
harge plasma, we use formula (2.4) to de-termine the relation between the ele
tron temperatureTe and the redu
ed ele
tri
 �led strength x = E=Na,assuming the ele
tron distribution fun
tion (2.3) andthe 
ross se
tions for elasti
 ele
tron 
ollisions with anargon atom in [14℄. The results are given in Fig. 1.It follows that the energy distribution fun
tion ofele
trons in the regime of high ele
tron number den-sities has the Maxwell form in the main part and be-
omes distorted at the tail of the distribution fun
tion.

This distortion is s
hemati
ally taken into a

ount informula (2.3), and below we 
onsider the tail of theele
tron distribution fun
tion under 
ertain 
onditions.We use a general approa
h to this problem [5, 6℄ basedon the kineti
 equation for the distribution fun
tion ofele
trons and the balan
e equation for ex
ited atoms.With the self-
onsistent 
hara
ter of pro
esses of for-mation of fast ele
trons and ex
ited atoms, we havethe kineti
 equation for the distribution fun
tion f0 ofele
trons in the form� a23v2 ddv � v2�ea df0dv � = Iea(f0) + Iee(f0)��Na 1Z�" kex(")f0(") d"++Nm 1Z0 kq("��")f0("��") d"� f0(")� ; (2.5)where Iea(f0) and Iee(f0) are the ele
tron�atom andele
tron�ele
tron 
ollisions, kex is the rate 
onstant ofex
itation of atoms in the ground state by ele
tron im-pa
t, kq is the rate 
onstant of quen
hing of an ex
itedatom in 
ollision with ele
trons, and we restri
t ourselfto one exited state for simpli
ity. In the equation, wein
lude the pro
essese+A$ e+A�; (2.6)and Eq. (2.5) is 
oupled to the balan
e equation forex
ited atomsdNmdt = Na 1Z�" kex(")f0(") d"��Nm 1Z0 kq("��")f0("��") d"; (2.7)where Nm is the number density of ex
ited atoms. Theset of equations (2.5) and (2.7) allows 
onstru
ting theele
tron distribution fun
tion in the range that is re-sponsible for atom ex
itation, and Fig. 2 gives this dis-tribution fun
tion for the metastable state 3P2 of theargon atom. In this �gure, range 1 a

ounts for the
hara
ter of formation of fast ele
trons in a gas dis-
harge plasma; the distribution fun
tion drops sharplyin range 2 due to ex
itation of this state, and the equi-librium between ex
itation and quen
hing pro
esses isestablished in the region 3. We note that the energyele
tron distribution fun
tion in ranges 2 and 3 are de-termined by di�erent pro
esses of ele
tron kineti
s. In-deed, most part of the ele
trons penetrate in range 211 ÆÝÒÔ, âûï. 1 (7) 161
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Fig. 2. Redu
ed energy distribution fun
tion of ele
-trons in an argon gas plasma as a fun
tion of theirenergy ", where f0 is the ele
tron distribution fun
-tion and '0 is Maxwell distribution fun
tion (2.1). Ar-rows indi
ate the atom ex
itation threshold �" andthe atom ionization potential J . Curve a 
orrespondsto the ele
tron temperature Te = 2 eV, 
urve b relatesto Te = 3 eV, and 
urve 
 
orresponds to Te = 4 eVas a result of di�usion in the energy spa
e from therange of lower energies and a

ount for the loss of fastele
trons as a result of atom ex
itation. On the 
on-trary, range 3 results from quen
hing of ex
ited atomsby slow ele
trons.3. PROCESSES IN ARGON GAS DISCHARGEPLASMAWe start the analysis of pro
esses in an argon gasdis
harge plasma involving ele
trons from inelasti
 pro-
esses: e+Ar(3p6)$ e+Ar(3p54s): (3.1)The prin
iple of detailed balan
e establishes a relationbetween the atom ex
itation 
ross se
tion �ex(") andthe 
ross se
tion �q(" � �") of quen
hing an ex
itedatom by ele
tron impa
t as [15℄g0"�ex(") = g�("��")�q("��"); (3.2)where g0 and g� are the statisti
al weights for theground and ex
ited states. The ex
itation 
ross se
-tion near the ex
itation threshold �" depends on theenergy " of the in
ident ele
tron as �ex / p"��"[16�18℄. Therefore, the quen
hing rate 
onstant kq isindependent of the ele
tron energy at moderate ener-gies. Hen
e, in
luding the quen
hing rate 
onstants in

the kineti
 s
heme, we 
an take the energy dependen
eof other 
ross se
tions and rate 
onstants into a

ount,and su
h a kineti
 model would be optimal at not largeele
tri
 �eld strengths.In 
onsidering atom ex
itation by an ele
tron im-pa
t, we divide this pro
ess into two parts su
h thatthe �rst 
orresponds to the formation of fast ele
tronsthat are able to ex
ite the atom and the se
ond self-
onsistent pro
ess is atom ex
itation due to ele
tronslo
ated in the tail of the energy distribution fun
tionof ele
trons. The rate 
onstant k> of formation of fastele
trons is determined by di�usion of ele
trons in thespa
e of ele
tron energies due to 
ollisions between ele
-trons and owing to the a
tion of the ele
tri
 �eld ina

ordan
e with Eq. (2.5). Using the Landau 
ollisionintegral [19℄ at large ele
tron energies, we obtain therate 
onstant in the form [20℄k< = 8p2�3 e4�" ln �m1=2e T 5=2e exp���"Te ����
e + x24�e2��ea ln �� ; (3.3)where 
e = Ne=Na is the 
on
entration of ele
trons,ln � is the Coulomb logarithm, and we set ln � = 7here and hereafter.The rate 
onstant k> of atom ex
itation by fastele
trons at energies above the atom ex
itation energyfollows from the kineti
 equation for fast ele
trons thatin the stationary 
ase has the forma23v2 ddv � v2�ea df0dv �+ 4�e4Ne ln �3m2ev2 ddv ���df0dv + f0Te�� �exf0 = 0; (3.4)where �ex = Nakex is the ex
itation rate. Weuse the semi
lassi
al solution of this equation in theform [21, 22℄f0(") = f(�")e�S ; S = ��"��"�" �5=4 ; (3.5)with the parameters� = 2v0�eff5a ; �eff =r3g�g0 �0�q : (3.6)Here, �0 = Nav��ea(v0) is the rate 
onstant of elas-ti
 ele
tron�atom 
ollisions at the ex
itation thresh-old, v0 is the ele
tron velo
ity at the ex
itation thresh-old, �q = Nakq is the quen
hing rate, and kq is thequen
hing rate 
onstant. We also use the prin
iple of162
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harge plasmadetailed balan
e, Eq. (3.2). The ex
itation rate 
on-stant is given bykex = g�g0 kq Z r"��"" '0(") d": (3.7)In parti
ular, if Maxwell distribution fun
tion (2.1) ap-plies to all ele
tron energies, we obtain the ex
itationrate 
onstantkth(Te) = kq g�g0 exp���"Te � ; (3.8)in a

ordan
e with the prin
iple of detailed balan
e ifthermodynami
 equilibrium holds for ele
trons. In the
ase under 
onsideration, where the ele
tron distribu-tion fun
tion de
reases sharply with an in
rease in theele
tron energy, we use formulas (3.5) and (3.8) to ob-tain [21, 22℄kex = f0'0 k>; k> = 4:6g�g0 kqv30 f0Ne�1:2 ; (3.9)where f0 = f0(�"). Mat
hing the ele
tron �uxes in theele
tron energy spa
e, we obtain [20℄f0'0 = k<k< + k> ; kex = k<k>k< + k> : (3.10)The 
riterion of validity of semi
lassi
al solution(3.5) is [21℄ �� 1: (3.11)In parti
ular, for the ex
itation of an argon atom onthe lowest state 3P2 (1s5 in the Pas
hen notation), for-mula (3.6) gives � = 330x ; (3.12)where the redu
ed ele
tri
 �eld strength x = E=Na isgiven in townsends. The range Te = (2�6) eV is ofimportan
e for a plasma of gas dis
harge, and 
rite-rion (3.11) is ful�lled in this 
ase a

ording to the datain Fig. 1. In Fig. 3, we give the partial rate 
onstantsof ex
itation of an argon atom in the state 3P2, wherekq = 4 � 10�10 
m3/s [23℄. We 
an see that negle
tingthe self-
onsistent 
hara
ter of atom ex
itation by ele
-tron impa
t in a gas dis
harge plasma leads to an errorby one to two orders of magnitude.In this analysis, we take into a

ount that the nu-meri
al evaluation of the 
ross se
tions of ele
tron�atom 
ollisions is not reliable at not large ele
tron en-ergies, and experimental data are required in this 
ase.This follows from the di�
ulties in a

urate des
ription
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Fig. 3. The partial rate 
onstants of atom ex
itation inthe state 3P2(3p54s) by ele
tron impa
t in a gas dis-
harge plasma at the ele
tron 
on
entration 
e = 10�6for the range 2 (see Fig. 2)of the ex
hange intera
tion between an in
ident ele
-tron and valen
e atom ele
trons. In the 
ase of 
ollisiontransitions between resonant states, when the radia-tive dipole transition is possible between these states,the 
ross se
tion of ele
tron�atom 
ollisions 
an be ex-pressed in terms of the squared matrix element of theatom dipole moment [24, 25℄, as in the Born approx-imation, but the Born 
ross se
tion 
an be 
ontinuedto small 
ollision energies on the basis of experimen-tal data. In parti
ular, at small ele
tron energies, thequen
hing rate 
onstant is given by [22, 26℄kq = k0(�")7=2�r ; (3.13)where the atom ex
itation energy �" is expressed inele
tronvolts and the radiative time �r for this tran-sition is expressed in nanose
onds. The redu
ed rate
onstant is [22, 26℄ k0 = (4:3�0:7) �10�5 
m3/s for thes�p-ele
tron transition in a

ordan
e with the exper-imental data in [27�29℄ for the ex
itation of K(42P ),Rb(52P ), and Cs(62P ). We use it below for ele
tron
ollisions with an argon atom for transitions from theground state to resonantly ex
ited states 3P1 (1s4) and1P1 (1s2), where the respe
tive quen
hing rate 
onstantare kq = 8:2�10�10 
m3/s and kq = 3:9�10�9 
m3/s [30℄.Figure 4 shows the rate 
onstants of the ex
itation ofan argon atom in its lower states with the ele
tron shell3p54s, obtained using formulas (3.3), (3.9), and (3.10).163 11*



V. P. Afanas'ev, B. M. Smirnov, D. A. Zhilyaev ÆÝÒÔ, òîì 146, âûï. 1 (7), 2014
kthk< kex

1 2 3 4 5 6Te; eV10�1510�1310�1110�9k; 
m3=s
k>

Fig. 4. Rate 
onstants of the ex
itation of an argonatom by ele
tron impa
t in a gas dis
harge plasma forlowest ex
ited states with the ele
tron shell 3p54sInelasti
 
ollision pro
esses a

ording to the s
hemee+Ar(3p54s)! e+Ar(3p54p) (3.14)may be responsible for the de
ay of lower ex
ited statesof an argon atom with the ele
tron shell Ar(3p54s),and resonan
e transitions are more e�e
tive thanother transitions. Although there are some measure-ments [31�34℄ for transitions between ex
ited states ofan argon atom, their a

ura
y is worse than in for-mula (3.13) whi
h is based on measurements [27�29℄for alkali metal atoms. Figure 5 
ontains the quen
hingrates for transitions between some states of this group,and Fig. 6 represents a simpli�ed s
heme where in a
-
ordan
e with the blo
k model [6℄, the states relatedto the ele
tron shell Ar(3p54p) are joined in one term.We use the rates of radiative transitions between thestates under 
onsideration a

ording to measurementsof the NIST group [35℄.Another pro
ess of deta
hment of ex
ited argonatoms with the ele
tron shell 3p54s 
an be related withthe mixing pro
esses that result from spin ex
hangebetween an in
ident and valen
e ele
tron as a result of
ollision a

ording to the s
hemee # +Ar(3p54s ")! e " +Ar(3p54s #); (3.15)where an arrow indi
ates the spin dire
tion for ele
-trons. Ex
hanging the spin dire
tion of a valen
e ele
-tron 
hanges its 
oupling to the rest of the atom,whi
h leads to transitions between states of the ele
-tron shell 3p54s. Unfortunately, there is only an esti-mate kmix � 10�7 
m3/s [36, 37℄ for the rate 
onstantof pro
ess (3.15), but this value is smaller than the

rate of pro
ess (3.14). In addition, Fig. 7 gives the rate
onstants kQ of 
ollision transitions from the states ofthe ele
tron shell 3p54s to all states with the ele
tronshell 3p54p: kQ =Xi kqi exp���"iTe � :4. TRANSPORT OF RESONANCE RADIATIONIN ARGON GAS DISCHARGE PLASMAPropagation of resonan
e radiation due to transi-tions involving ex
ited states 
an be of importan
e forthe kineti
s of a gas dis
harge plasma be
ause the life-time of resonantly ex
ited atoms in
reases due to thereabsorption pro
ess. The reabsorption pro
ess leadsto the broadening of spe
tral lines, and the width �of a spe
tral line as a result of atom 
ollisions is givenby [38℄ � = 12 hNav�ti; (4.1)where �t is the total 
ross se
tion of atom 
ollisions.The resonant lines impa
t broadening (or the Lorenzbroadening of spe
tral lines) results from intera
tionbetween atoms in states between whi
h the radiativetransition pro
eeds. The intera
tion potential of su
hatoms is proportional to the square of the matrix ele-ment of the dipole moment operator between the tran-sition states. The same proportionality also holds forthe rate of radiative transitions between these states,and therefore the absorption 
oe�
ient k0 at the line
enter does not depend on this value. For the radiativetransition from a p to an s ele
tron state, the absorp-tion 
oe�
ient at the line 
enter isk0 = 3:5� ; (4.2)where � is the wavelength for resonant photons. Thisformula a

ounts for a 
ompli
ated pro
ess of 
ollisionof atoms with p valen
e ele
trons, in
luding elasti
 s
at-tering of atoms, ex
itation transfer, and depolarizationof p ele
tron in the 
ourse of atom 
ollisions. Thepartial and total 
ross se
tion of this pro
ess were de-termined in [39, 40℄, and the results are used in for-mula (4.2). We note that in [11℄, the numeri
al 
oe�-
ient in formula (4.2) is seven times lower.At a moderate gas pressure, the broadening at the
enter of spe
tral lines is determined by the Dopplerme
hanism, but the Lorenz me
hanism operates at theline wing. Using the Veklenko theory [41, 42℄ for the re-absorption of radiation for the Lorenz shape of a spe
-tral line, we 
an �nd the e�e
tive lifetime �eff of a164
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Fig. 5. Quen
hing rate 
onstants for ele
tron�atom 
ollisions in a gas dis
harge plasma for transitions between argon atomstates related to ele
tron shells 3p54s and 3p54p�" = 1:62 eV, � = 35ns; g = 36
k q=2:7�10�7

m3 =s k q=3:1�10�7 
m
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Fig. 6. Quen
hing rate 
onstants for ele
tron�atom
ollisions in a gas dis
harge plasma for transitions fromthe ele
tron shell 3p54p, where all the ele
tron terms ofan argon atom are joined in one term, to atom statesrelated to ele
tron shells 3p54sresonantly ex
ited atom inside a uniform gas dis
hargeplasma lo
ated in a 
ylinder tube of a radius R as:

�eff = 4:9�rrR� ; (4.3)where �r is the radiative lifetime of an isolated atomfor this transition.We also �nd the ratio of the atom number densitiesin states i and f if a radiative transition between thesestates is possible, A(f)! A(i) + ~!: (4.4)We 
an �nd the ratio of the number densities Nf andNi in these states from the balan
e equations for theatom number densities in these states, and this ratio isNfNi = kexkq �1 + NeN0��1 ; N0 = 1kq�eff ; (4.5)where kex and kq are the rate 
onstants for the transi-tion between i and k states and the re
ipro
al transitionby ele
tron impa
t in a gas dis
harge plasma, and �effis the lifetime of the ex
ited state f as a result of radia-tion with the reabsorption pro
ess taken into a

ount.In parti
ular, if a uniform argon gas dis
harge plasmais lo
ated inside a 
ylinder tube of the radius R = 1 
m,165
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Fig. 7. Ex
itation rate 
onstants by ele
tron impa
t inan argon gas dis
harge plasma with transitions fromstates 3P2, 3P1, 3P0, and 1P1 of the ele
tron shell3p54s to all states with the ele
tron shell 3p54p. Dot-ted 
urves 
orrespond to joining terms with the ele
tronshell 3p54p, and solid 
urves are the sums of partial
ross se
tionsthe parameter N0 in (4.5) is N0 � 3 � 1013 
m�3 for thetransition from the argon atom states 3P1(3p54s) and1P1(3p54s) to the ground state. It follows that transferof resonant radiation is of importan
e for gas dis
hargeplasma.5. POPULATION OF EXCITED ARGONATOMS IN GAS DISCHARGE PLASMAThe 
on
entration of ex
ited atoms follows from thebalan
e of pro
esses of formation and deta
hment ofthese atoms. In a widespread 
ase, where formationand de
ay of ex
ited atoms result from ele
tron�atom
ollisions, the 
on
entration of ex
ited atoms in a givenstate is 
� = kexkQ ; (5.1)where kex is the rate 
onstant of formation of ex
itedatoms in a given state and kQ is the total quen
hingrate 
onstant of this state. There are various 
hannelsof deta
hment of ex
ited atoms in the 
ase ele
tron�atom 
ollisions. Figure 8 shows the 
on
entration ofex
ited atoms related to the ele
tron shell 3p54s if ra-diation of ex
ited atoms with the ele
tron shells 3p54sand 3p54p is lo
ked, and the rate 
onstant kQ of de-ta
hment of the states of the ele
tron shell 3p54s re-

3P13P2 1P1
1 2 3 4 5 6Te; eV10�8

10�7
10�6
�

3P0
Fig. 8. Dependen
e on the ele
tron temperature forthe 
on
entration of ex
ited argon atoms 3P2, 3P1,and 1P1 of the ele
tron shell 3p54s in a gas dis
hargeplasma in the limit of high ele
tron number density.Solid 
urves represent the transition to all states of theele
tron shell 3p54p, and the dashed 
urves 
orrespondto a uni�ed ele
tron term of this ele
tron shell

2 3 4 5 6

Te, eV

10
−5

10
−4

10
−3

cm

Fig. 9. Con
entration 
m of argon metastable atoms inthe lowest ex
ited state 3P2 as a fun
tion of the ele
-tron temperature for the range 3 (see Fig. 2). Triangles
orrespond to formula (5.1), where quen
hing leads totransitions of the ele
tron shell 3p54p and upturned tri-angles relate to the quen
hing due to atom ionization;experimental data are lo
ated between �lled squaressults mostly from transition to states with the ele
tronshell 3p54p.At low ele
tron number densities, radiation for thetransition between states of the ele
tron shell 3p54p166
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ited atoms in argon gas dis
harge plasmaand 3p54s be
omes lo
ked, and the quen
hing of ex-
ited states results from atom ionization as an irre-versible pro
ess be
ause transitions to highly ex
itedstates are weaker. Another 
hannel for quen
hingof the metastable state 3P2(3p54s) 
onsists in transi-tion to resonantly ex
ited states of this ele
tron shellif radiation with transitions from these states to theground state is lo
ked. Figure 9 shows the ele
trontemperature dependen
e for the 
on
entrations of themetastable atoms 3P2(3p54s) in an argon gas dis
hargeplasma for di�erent 
hannels of quen
hing these states.It follows that 
onditions of the experiment in [43℄ 
or-responds to the 
hannel of the de
ay of this state dueto the ionization pro
ess. We note that the experimen-tal data in [43℄ relate to an indu
tively 
oupled argonplasma of a low number density of argon atoms, andthe method of opti
al absorption spe
tros
opy is usedto determine the number density of metastable atoms.We also note that the presen
e of metastable atomsin a gas dis
harge plasma in�uen
es the energy dis-tribution fun
tion of ele
trons. In parti
ular, fromEqs. (2.5) and (2.7), the ratio of the energy distribu-tion fun
tion of ele
trons f0 to the Maxwell distributionfun
tion '0 in (2.1) at energies above the atom ex
ita-tion energy f0'0 = g�kqg0kQ : (5.2)This relates to 
urve 3 in Fig. 2 and is used there.6. CONCLUSIONWe 
onsidered the argon gas dis
harge plasmawhere ele
tron�atom 
ollisions dominate and ex
itedatoms in�uen
e the plasma kineti
s. This o

urs if atypi
al 
ollision time of ele
tron�atom 
ollisions is small
ompared with other times of this plasma, in parti
u-lar, a typi
al time of transport to plasma boundaries.The self-
onsistent 
hara
ter of inelasti
 ele
tron�atompro
esses is of importan
e for this plasma. As a result,the energy distribution fun
tion of ele
trons de
reasessharply above the atom ex
itation threshold with anin
reasing ele
tron energy. For this reason, only thelowest ex
ited states of atoms take part in the kineti
sof a gas dis
harge plasma whereas formation of highlyex
ited atoms does not pro
eed from the ground atomstate and results from lowest ex
ited states in a step-wise way. Correspondingly, ionization of su
h a gasdis
harge plasma has a stepwise 
hara
ter. We notethat in spite of a simple kineti
 s
heme, many regimesof this plasma may be realized.

This analysis shows that the existing s
hemes of
omputer simulation of gas dis
harge plasma (see,e. g., [7�11℄) are not reliable be
ause they do nota

ount for the self-
onsistent 
hara
ter of the gasdis
harge plasma kineti
s the energy dependen
e ofele
tron�atom pro
esses. Based on the above analy-sis, a 
omputer model des
ribing the kineti
s of gasdis
harge plasma 
an be 
onstru
ted. In our analysis,we in
lude a restri
ted number of ex
ited states sin
eex
itation of other ones has the stepwise 
hara
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