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Abstract

Elastic cross sections of electrons on atoms were investigated in a framework of pseu-
dopotential interaction model. The partial wave expansion scattering method was used.
Total and differential cross sections were obtained. The bremsstrahlung cross section for

electrons collision with neutral atoms is considered.

Introduction

A partially ionized hydrogen plasma is considered with the following param@terd 0> +
10PK, ne = nj = 1071+ 10P%cm™3. The average distance between particles is (3/4rm)/3,
wheren = ne+ n;. It is well known that the state of the plasma depends essentially on the cou-
pling parameteF = €?/akgT, which describes the ratio of potential energy of charged particles
interaction at the average distance to their thermal energy. The plasma becomes non-ideal at
I > 1. Furthermore, we introduce the density parameter a/ag (ag is the Bohr radius),

which decreases with increasing of densities.

I nteraction models

This paper considers the scattering processes in partially ionized hydrogen plasma. In elec-
tron scattering, the elastic scattering of electrons on hydrogen atoms at low energies is of great
interest. In our previous works [1,2] we proposed an effective polarization potential for partially
ionized dense plasma; the potential takes into account the quantum-mechanical and screening
effects. This pseudopotential for the interaction between charged particles and atoms considers

polarization of an atom in external field:

a
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whereA? = (14 /1—MA2/r3)/(A2), B? = (1—/1—42/r3)/(2A?) are coefficients\y, =

/(2 upkeT)Y2 is the thermal de Broglie wave-length of electrons = /ksT /(4Tme?) is
the Debye radius.

(e @B —e*@ian), (1)

In [3] the Buckingham screened potential model was used for investigation of hydrogen
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plasma properties. It considers polarization of hydrogen atoms in external field. This model

Is usually used in the form:

Ea 2 r oo
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wherea is polarizability of an atom anth = (aag/2)~ " is a cutoff radius of hydrogen.

Scattering cross section

Partial and total elastic cross sections for plasma particles are defined by phasq"%ifts

[4]:
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wherek is a wave numbet,are orbital quantum numbers, Bare sorts of particles. To calculate
phase shifts in the present paper we use the partial wave expansion method [5,6] and solve
Calogero equation. Differential cross sections are defined as:

2

do(6) %(Z(ZI+1)[exp(2iqaﬁ)—1]|:’|(0059) , (5)

dQ

whereR (cosO) are the Legendre polynomials.
It is well known that the bremsstrahlung cross section for electrons collision with neutral

atoms is expressed in terms of the cross section for elastic scattering of electrons on atoms [7]:

do 4 €uv? -
do &—03500(36&(”)’ (6)
whereQ/,(v)is a transport cross sectiom,is velocity of incident electrons,is speed of light,

w is photon frequency.

Results

Figure 1 presents phase shift as a function of distance and wave number of incident electrons.
The phase shifts are obtained on the basis of the effective polarization potential ( 1) by numerical
solving of Calogero’s equation for electron scattering on atomic hydrogen. It is shown that the
phase shifts decrease at increase of incident electron’s energy. Figure 2 presents the comparison
of calculated differential cross section with experimental data [8].

It is shown that the results of this paper have a good agreement with experimental data.

Figure 3 shows total cross sections for potentials ( 1) and ( 2). One can see that cross section
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Figure 1: Phase shift as function of wave Figure 2: Differential cross sections; solid

number and distance &t = 0.5,rs = 10 line denotes the present results, circles
andl = 0. show the experimental results [8] kt=
0.8ag™.

Q(k) /aBz

do/dw,b

Figure 3: Total cross sections for scatter- Figure 4: Bremsstrahlung cross section as
ing of electrons on atomic hydrogen on the a function of incident electron’s velocity,
basis of pseudopotentials, solid line is for b= Eday
the pseudopetential ( 1) and dash line is for
Buckingham potential (2) dt = 0.5,rg=

10.
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for potential ( 1) is more than the same for Buckingham potential. It is explained by taking into
account quantum mechanical effects. The next figure presents bremsstrahlung cross section as a
function of incident electron’s velocity and coupling parameter. It is shown that bremsstrahlung
cross section decrease with increasing of the coupling parameters. It should be to note that the

results of bremsstrahlung cross section are presented in atomic units.

Conclusions

Based on the results of this work one can make the following conclusions:
1. Consideration of quantum mechanical effects in the effective polarization potential leads
to increasing of elastic cross section;
2. From comparison of our results with experimental data we can conclude that the

potential ( 1) gives the adequate description of some elementary processes.
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