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INFLUENCE OF THE TWO-STAGE IONIZATION
ON RADIAL PROFILES OF CHARGED
AND METASTABLE PARTICLES")

V. MARTISOVITS?), £. KOSINAR?®), Bratislava

A steady-state diffusion of charged and metastable particles controlied by two-stage
ionization and destruction of metastable atoms by electron impact is studied.
A preliminary analysis of the diffusion equations by the approximation of the first
fundamental diffusion mode has shown that for a given fraction of the ionizing rate due to
two-stage processes and for given values of other rate coefficients, two different values of
particle concentration are possible. Only the higher of them is stable against smail
perturbations. As a result a minimum value for the electron concentration is necessary to
obtain a stable plasma column. The numerical solution has confirmed this result and
a family of radial profiles of electrons and metastables was obtained.

BIAMAHUE JABYXCTYTIEHYATON MOHM3AIMH HA PATMAJIBHBIE
PACIPEIEJEHHA 3APSKEHHBIX M METACTABHIBHBIX YJACTHIL

B paGoTe ucCIef0BaHA YCTAHOBHBIIASCSH nncdy3ns 3apDKEHHBIX M METACTAGHTLHBIX
YaCTHL, CONPOBOXIAHHAs NBYXCTYNEH4aTOH HOHM3aLMeR W pacnafoM MeTacTabuns-
HbIX ATOMOB MOCPEACTBOM COYAApECHHHA C 3/ICKTPOHAMH. TMpenBapuTeibHbLIA aHanus
ypasuenut audpyInu B npHOMIDKEHHH nepBoit OCHOBHOM MOABI TOKA3LIBAET, YTO A/
[aHHOM OTHOCHTELHOM CKOPOCTH HOHH3ALMH, OGYCTOBIEHHOM IBYXCTYNIEHHaTLIMU PO~
lieccaMy, ¥ VIR RAHHBIX 3HAYEHMH ApYrHX KOIpULMCHTOB BOIMOXHLI ABA Pa3HBLX
3Ha4YeHMA KOHUEeHTpaumu yacTui. Tonsko Gonblliee W3 ITHX 3HadeHuii obnanaer cra-
GHUNLHOCTbIO OTHOCHTENBHO MAJNBIX wou!v.Eo*Em. B cpa3u ¢ 3THM AN JOCTYDKCHHUA
YCTOHYHBOTO CTONGA MIA3MBL Heo6XxonMMO JOOHTEC MHHMMANLHOTO 3HAYCHUS KOHLEH-
TPAUMH 3NEKTPOHOB. ITO NOATBEPXKAAIOT TAKXKE NPHBEACHHLIC YHCICHHBIC PACIETHL.
Kpome Toro, flofiydeHbl paguanbHble PacpefeIeHHA JNEKTPOHOB H MeTacTabHIbHBIX
4acTHI,.
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1. INTRODUCTION

The two-stage (stepwise) ionization is an important elementary process in
explaining some phenomena in the gas discharge (see for example [1, 2D). In spite
of this there is no steady-state solution of the coupled diffusion equation describing
a transport of charged and metastable particles to the discharge tube wall. This
situation can be explained by difficulties in the numerical solution of these
nonlinear equations for given boundary conditions. In the presented paper we shall
give a preliminary information about the results obtained.

. THE MODEL

We are concerned here with the following processes leading to the production
and the destruction of charged and metastable particles:
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The first two processes describe single-stage jonization and direct excitation by
electron impact or excitation through the states optically connected with the
metastable states. The third process is due to volume recombination between
electrons and positive ions, and the last process corresponds to the destruction of
metastables by electron impact or to the two-stage ionization. .

If n., nm, n, are the respective concentrations of electrons, metastable and
ground state atoms, the diffusion equations become
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where D., D.. are the ambipolar and metastable atom duffusion coefficients. The
boundary conditions dn./dr=dn,/dr=0at r=0 and n.=n,=0 at the wall were
used.

. A PRELIMINARY ANALYSIS OF THE MODEL

As the excitation and ionization rates depend strongly on the energy distribution
of the electrons, we try to eliminate them by introducing the central electron
concentration n. and the fraction of ionizing rate due to the two-stage process

5 = PittmoNeo] AiltgNeo = Bintmol aing (nmo is the metastable concentration on the axis)-
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Equations (1) and (2) can be approximated in terms of the first fundamental
diffusion mode of the characteristic length A = R/u ( is the first root of the Bessel
function and R the inner radius of the tube) to give D./ A%= ang + Bitmo — €n0 and
(Dl A?) Ntmo = (Qmitg — Bnnmo)no. By introducing @=r/A; yo= BnA* D

5 anA® 1+dono BA’ _ s 1thono = _ Yoleo
ho= A"/ D, we have D. 1+4s ' D. 1+s nm o= Con 1+ yoneo
Here C.. = Gmity/ Bm is an equilibrium number density of metastables. The diffusion
equations then become
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It can be easily verified in terms of the first diffusion mode that these equations
admit steady-state solutions: besides the solution #.; = n.o there is another solution,
i.e. na=(s—Aonw)/(1+s5) Yoo

IV. SOLUTION STABILITY

The next step in the analysis is to determine the stability properties of the
stationary states. Let us investigate the response of the plasma to the infinitesimal
perturbation én. and 6n, from the concentrations 7. and nme by means of time
varying diffusion equations. The linearization of these equations leads to the
following system

ddén. 13 A@ mmaﬁvn>m=~+mu=a

3t 9 d0
9on. 13 9én.\ _
37 Qm.m@A@ mmvvlg:n+~vm:s,

where g =Dn/D.; t=tD./A*; A=1—on.; wunm”.ﬁawa hr
NO

; C= qnn/n. and
= —qyon.. These equations admit solutions of the form
dn=[C exp (k1) + C; exp (k21)] Jo(0)» .
provided k; and k; wmmm@,:_o characteristic equation
k»+c+al>lbvkuwﬁl%+§> -1)+D.

We obtain a stable solution when k; <0 and k; <0. After some manipulation one
finds

2
=uV NetNe2 .
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Fig. 1. The relative radial distribution of electrons (a) and metastables (b) for A =100, y=10 Amo_a _5&
and A=1, y=10 (dashed line) as a function of the parameter s (the fraction of ionizing rate due to
two-stage processes). The stability criterion (6) is fulfilled.

It is obvious that only the higher of the roots n.; and n., is stable against small.

perturbations. Thus, 2 minimum value for the electron concentration :flemin iS
necessary to obtain a stable plasma column:

25/
1+[14+4(1 +5)y0s/Ao

=nev Nemin =

V. NUMERICAL SOLUTION

By introducing the dimensionless. variables Vo =11/ N0y Vi = P oy A = Aoneo,

¥ = yon.o equations (3) and (4) can be written

1d dv. _ 1+4 N _ 3
IMNMAQ amvlT+»Gl$v+nH+u (v =1) [v.=E(v, V) e L8
|w %m Ac %.,v [1+ (1 = V)] Ve = M(¥e, V).

The equations were solved by an iterative technique according to the scheme *

||.l|A m(ﬂ?: "2A<M5. .<;+Cv

ede\ do
1d Q<;+~vv t.+3 (k+1)y
odo A@ do E(ve™, va™)-
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Fig. 2. The relative radial distribution of electrons (a) and metastables (b) for 1=0.01, y=0.001 as
a function of the parameter s. The stability criterion (6) is not fulfilled.

Each &mononmm_ equation was linearized iw,r respect to the unknown variable and
numerically solved by the finite-difference method. The stability criterion (5) takes
the form

L)

»IH+¢AH+3

>0. 6)

If this criterion is fulfilled, the normalized number densities v.o and v..o at the
centre p=0 tend to unity. In an opposite case the values v.oc and vmo are much

-greater than 1.

Tablel

The normalized number density v.o and v..o at the centre of the plasma column as a function of the

parameters s for 1 =0.01 and y=0.001 ) ’
s 0 0.1 03 1 3 100
Voo 1.41 9180 23400 50600 75900 100000
Vmo 141 993 1000 1000 1000 1000

Fig. 1 illustrates the shapes of the radial distributions of electrons and metast-
ables when the stability criterion (6) is true. The case when the criterion is not

fulfilled is shown in Fig. 2. The respective values of v.o and v.o are presented in
Table 1.
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