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Electron anisotropic scattering in gases: A formula for Monte Carlo simulations
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The purpose of this Brief Report is to point out the mistake in a formula for anisotropic electron scattering,
previously published in Phys. Rev. 41, 1112 (1990, which is widely used in Monte Carlo models of gas
discharges. Anisotropic electron scattering is investigated based on the screened Coulomb potential between
electrons and neutral atoms. The approach is also applied for electron scattering by nonpolar neutral molecules.
Differential cross sections for electron scattering by A, ldnd CH, are constructed on the basis of momen-
tum and integrated cross sections. The formula derived in this paper is useful for Monte Carlo simulations of
gas discharges.
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[. INTRODUCTION HereE, is the atomic unit of energyH,=27.21 eV) and
is the Bohr radius(,=0.529< 10 % m). In this expression

In a Monte Carlo model, the trajectory of the particleswe used as a screening radius the “outer boundary” of the
(e.g., electronsis followed by Newton’s laws, whereas the atom, which is about one Bohr radi{is2] according to the
collisions are treated by random numbérs., for the time  Thomas-Fermi model of an atom.
between two collisions, the kind of collision, the new energy, In the first Born approximation of the quantum mechanics
and direction after scattering theory of scatterin12,13 the normalized differential cross

To describe electron scattering in gases, a formula fosection for screened-Coulomb scattering of an electron is
anisotropic scattering needs to be used. In many pdpegs
[1-5]), the expression for the normalized differential scatter-
ing cross sectior (€,y) introduced by Surendra and co- (s X)ZL 1+8e
workers[6,7] is used: " Am (1+4e—4g cosy)?’

()

where e =E/E, is the dimensionless energy amdis the

I(e,x)= . , 1 relative energy of electrons.

(e 4m[1+esim(x/2)]in(1+e) W The probability that an electron with dimensionless en-
ergy ¢ is scattered with an anghpecan be found by integrat-

which is based on look-alike, screened-Coulomb scatteeing. ing Eq. (3) over all possible scattering angles,

is defined as the energy of electrons before colliginreV).

However, it appears that this formula is incorrect and misses

€

some scientific backgrounge.g., the energy has to be re- (1+88)Siﬂ21

duced to a dimensionless form by introducing some univer- 2

sal energy value Ple.x)= ———. (4)
Some investigations of anisotropic scattering of electrons 1+8¢ sinzg

have already been made in particular cas®si11]. In the

present paper, we will derive a different analytical expression

for anisotropic scattering of electrons, which is generally Finally, to find the scattering angle, a random numBer
valid in atomic and nonpolar molecular gases. The generaniformly distributed in the intervgl0,1] is compared with
formula will then be applied to a number of atomic andthe probability of scattering; and the reverse function should
nonpolar molecular gases, to derive formulas that are easy fee found,

implement in Monte Carlo algorithms.

2R
Il. DIFFERENTIAL CROSS SECTION FOR LOOK-ALIKE cosy=1- 1+8:(1-R) ®)
SCREENED-COULOMB SCATTERING
In an atomic gas with atomic numbet the electron- Equation(5) is very convenient for Monte Carlo modeling
neutral interaction potential can be approximated by theurposes of the electron behavior in atomic gases. We will
screened Coulomb potential now derive a similar expression for electron scattering with

nonpolar moleculeéCH,, N,, O,, etc), assuming the same
, ; functional form of differential cross section as for the ideal-
U(r)=ZEsq> exr< — _)_ (2)  ized atom. Equatiof3) can be rewritten in the more general
r Mo form using one fitting paramet¢®],
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FIG. 1. (a) Integrated elastie (solid) and momentum transfer,, (dashegl cross sections for Ar from HayasHi7]; (b) derived¢ based
on the data of Hayastisolid) and for the screened-Coulomb potentidhshed as a function of electron energy.

1 1-£%(¢) on 1—¢ 1+¢

similar to the procedure described by Phelp4]. It should

be mentioned that we used the notatig(), which is This expression is generally valid for all kinds of interac-
equivalent to “1-2*B(n)” in Phelps notation[14]. This  tions between electrons and atoms or nonpolar molecules. In
expression reduces to conventional screened-Coulomb scafe literature, some experimental data are available for both

tering if §=4e/(1+4¢). In general £ is a function of en-  jntegrated and momentum transfer cross sections as a func-
ergy (see below, which varies in the interval—1,1). De-  {jon of electron energy, for electron elastic collisions with
pending on the kind of interaction potentidljs a different  5ioms or moleculef8,15—18. Hence, the functiosi(s) for a

;“nCti?” of energy. Hence, this yields a different scatteringg,q cific interaction can be obtained from the ratio of experi-
ormula.

Equally. th bability of elect tteri ith mental cross sections,(g)/o(g). Finally, when &(e) is
qually, the probability of €lectron scattéring with an known, the formula for the scattering angle can be obtained

angle y can be calculated. And again, the scattering angl%vi,[h Eq. (7)

can be found by comparing a random numBeuniformly q.41).

— ) . . - The main idea of the procedure to construct differential
?;it:b_u:?‘% 'Pe\t/gfs'igte;\ézﬂ%’ﬂc\ggz the probability of scat- cross sections based on the screened-Coulomb functional de-
9 9 ' pendence from the data of the integrated and momentum
transfer cross sections was first published by Belenguer and

cosy=1— 2R(1-¢§) 7) Pitchford[9]. In the case of the resonance atom-atom scat-

1+£4(1-2R)° tering Phelpset al. [19] proposed a three fitting parameter

procedure. Porteet al. [11] proposed even a four fitting pa-
This expression is generally valid to describe the scatteringameter approximation for the differential cross section of

of electrons by nonpolar molecules, and it is convenient tahe electron scattering in N But with all these many-
use in electron Monte Carlo models when the functien is  parameter fitting expressions it is difficult to find the scatter-
known. ing angle that is needed for Monte Carlo modeling. Since it
In the case of conventional screened-Coulomb interactionis the purpose of our paper to derive such formula for the
é=4¢e/(1+4e) (see aboveand it can vary between 0 and 1. scattering angle, we present here a single parameter fitting
In the low energy limit,é—0 and the scattering becomes expression.
isotropic [i.e., I (e,x) =constant When the energy of the The differential cross section constructed in this way for
scattered electron goes to infinitgs—1 and the scattering electron scattering in Ar is in good agreement with experi-
corresponds to conventional Coulomb scattering and bemental data of Vuskovik and Kurepad]. It is clear that with
comes in the forward direction. this approach, the main features of scattering are captured,
In general, the functiog(e) can be deduced from the ratio i.e., the scattering is approximately isotropic at low energies
of integrated and momentum transfer cross sections, basethd becomes peaked in the forward direction at high energy.
on the procedure described by Phelpd]. Indeed, the ratio This method is generally valid for all atoms or nonpolar
of momentum transfer and integrated cross section can b@olecules. Polar molecules, on the other hand, are character-
obtained from the normalized differential cross section byized by a dipole moment, and therefore a screened-Coulomb-
multiplying with factor 2m(1—cosy) and integrating over like interaction potential is not valid. Therefore, the proce-
all angles. Foll (&,x) from Eq. (6) it yields for this ratio dure is not applicable to describe electron collisions with
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FIG. 2. (a) Integrated elastie (solid) and momentum transfer,,, (dashed cross sections for CHfrom Tawaraet al.[18]; (b) derived
£ based on the data of Tawafsolid) and for the screened-Coulomb potentidashedl as a function of electron energy.

polar molecules. However, it can be a reasonable approximdransfer elastic cross section data from Phelps and Pitchford
tion for anisotropic scattering if no other data are available.[8]. The cross sections are plotted as a functiofc afi Fig.
3(a). For electron scattering on,)Nwe were able to make an
IIl. THE SCATTERING FORMULA ILLUSTRATED empirical fit of {(E),
FOR A FEW NONPOLAR GASES

To illustrate the proposed approach, we have calculated ~ 0.06E+ 0.26/E 12\E
the paramete€ as a function of energy for a few nonpolar T 1400FE+02E 1+40VE’
gases, i.e., for argofas atomic gas methane(as a poly- ' 2(E VE

atomic molecule with spherical symmeknand nitrogen(as

a linear moleculg whereE symbolizes the electron energy in e{(E) is given
For Ar we used the integrated and momentum transfem Fig. 3(b).
elastic cross section data from Haya$hi’]. These cross In all these figures the corresponding values §er) are
sections are presented in Figal The derived energy de- also presented for the conventional screened-Coulomb po-
pendence of for electron anisotropic scattering with Ar at- tential (dashed lines It is clear that for an atomic gas such
oms, is presented in Fig(l) (solid line). as Ar, the approximation of the conventional screened-
For CH, we used the integrated and momentum transfeCoulomb potential is more or less applicable for energies
elastic cross section data from Tawataal. [18]. The cross higher than 1 eV. In such case the express®rcan be used
sections as a function of energy are presented in Fay.ahd  to find out the scattering angle. At lower energy the Ram-
the corresponding as a function of electron energy is illus- sauer effect becomes important and the screened-Coulomb
trated in Fig. 2b) (solid line). approach is not valid anymore. For molecular gases the ap-
Finally, for N, we used the integrated and momentumproximation of the screened-Coulomb potential is clearly not
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FIG. 3. (a) Integrated elastier (solid) and momentum transfer,, (dashed cross sections for Nfrom Phelps and Pitchfor{B]; (b)
derivedé based on the data of Phelps and Pitchf@alid) and for the screened Coulomb potentiddishedl as a function of electron energy.
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valid [see Figs. @) and 3b)] and the more general formula |ecular gases. For elastic collisions of electrons with Ar, N
(6) should be used. and CH, the energy dependence of this single parameter is
presented in a broad energy range.
IV. CONCLUSION
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