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Abstract:

The profile reflects the physical properties of the plasma: the Doppler and electronic contributions can be at the
center of the line while the ionic effect is on the wings. The analysis of the electronic contribution is necessary for
precise spectroscopic observations and can also provide useful indications and information on the conditions and
concentrations in the plasma. In this work, we have developed an estimate of the relativistic contribution of
binary ion-electron collisions in the width of isolated lines, where the fine structure of the emitting ion is
neglected. We have calculated the amplitude of relativistic electron operator of the dipolar radiation of an ion
immersed in plasma, within the framework of the impact approximation and the semi-classical approximation. In
this operator's calculation we used a new effective potential. This potential is considered to include both the
diffraction (quantum) and the screening field effect. The amplitude of the relativistic collision operator is
developed for Hydrogenic ion lines in plasma and compared with Alexiou’s result which taking into account the
Coulomb interaction between the emitting ion and the perturbed electron.
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1- Introduction

The radiation emitted by the plasma refers to the
connections, on the one hand, of the properties of an
isolated emitter with the properties of the plasma
which surrounds it (translation of the emitter-medium
interaction by processes of ionization, recombination,
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excitation and de-excitation), and on the other hand,
the macroscopic properties of the medium
(abundance of the various ionic species in a given
excitation state, ionic temperature, temperature and
electron density, effective charge, radiation losses,
state of equilibrium, transport phenomenon) and the
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microscopic properties of the different constituents
[1,2,3,4,5]. In many types of plasma, a main cause of
broadening is the presence of the electric field
generated by the electrons, which leads to a coupling
between energy levels called the Stark effect. All of
previous theoretical work focuses on the influence of
the non-relativistic trajectory [6,7,8,9]. The trajectory
of the colliding electron is taken as a hyperbola whose
center of diffusion is the emitting ion, where the
interaction is treated within the framework of the
dipolar approximation [10,11,12,13]. In this work we
have studied the relativistic and quantum effects on
the operator of electronic collisions. Our operator is
calculated for isolated non-degenerate lines. The
average effect of these collisions is calculated relative
to the impact parameters and the initial velocities

according to the relativistic Maxwell-Jittner
distribution of velocities. Then, we have treated the
movement of the electron around the emitting ion by
placing ourselves in the quantum mechanical
conditions where the trajectory concept has not a
meaning. In addition, we have considered that the
colliding electron acquires excessive speeds, that is to
say relativisticc The comparison with the non-
relativistic approach is performed using a suitable
range of temperatures and electron densities. Good
agreement is mainly obtained for high density and
temperature. Electrons are fast particle have very low
masses, the collision delay z is too small then the
time interval with which the correlation function are
calculated [3,9]. So, they are treated by the impact
approximation.

2- Relativistic Screening Operator of Collisions in hot Plasma
The validity condition of the impact approximation [3,9,12] can be written as:

wt<<1
where w is the line width.

The validity condition of the impact theory is written as:

2Z°(22m, K, T)*?

N e >>1

where M, is the rest mass of electron, KB is the Boltzmann constant.

The Deutsch potential is the interaction of an electron or ion with an emitting ion, this potential taking into

account the quantum effect:
_ K(z-1)é

UD@H = —(1

r

_ e_I‘fA{),Ke — 1

dreg

r is the distance between the emitting ion and the the perturber electron, i, is the de Broglie wavelength that

defined as

h
e = ——
‘/27rm KpT

The expression for the Debye interaction is given by:

_ KZ-D)er
Up = 242D ity
where
2 &okT
D Neg?

We suggested a new potential that describes the Deutsch screen potential and takes into account the quantum
effect and the electronic screen effect, this potential is written as follows:
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Ke(Z-1)e? (1 - e—r/}t,) —t/Ap

Upp = —

We can define the diffusion capacity as:
F(g) = [ Upp(r)e @7 dr
where

qr = qrcosO, g = 2ksin %
and

d7 = r?sin0dOdrdp

By introducing the equations (7), (9) and (10) into the expression (8), we integrate over 6 and we find the
following formula:

e

2h2

,1,,)+),

Flg) = 22 [ (0 &) sin(grydr

0
We also put the notation:

_ _Apd _
L = vy , S=Ap

We integrate over r, and after the simplification we find that the formula for the diffusion capacity becomes:

F(q) _ 2ma |: S? _ L2 :|

oL (1+¢*S?) (1+¢°L?)
As the calculation of the expression of the electronic collision operator is too complicated, we were able to
calculate the relativistic collision operator by neglecting the fine structure of the emitter. Within the impact
approximation, electronic collision width of the isolated spectral line can be expressed in terms of the operator

matrix elements [ 5,13]:

C Ppmax
$3(0) = == f;; (Zml)z [ [ v}/ (dvp*dp*sin® &
(0 Pmin

is the relativistic distribution of Maxwell-Juttner velocities:

[ )y = —Fhserdp

with:
mC?

1
g = mC Yy =—,
KT J1-P

’

By comparison between the classical cross section pdp
and the quantum one do = |F(8)|*2rsindd8
So, we should change the variable using the relationship between the angle and the impact parameter:

2,
pdp = | F(8) | "sin® db
We can use (9), then we change the integration over 8 to the integration over q:

— g R
dq = 2K —-cos—-df
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Then we get:
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After integration, we obtain the final form of the electronic collision operator which is written:
(O — B 7 Ao 11,1 1 MN . _ 2 M P
¢d(0)_BIyﬁeaydﬁ[ﬁ_ﬁ"'ﬁ_F'i'hl ]
0

where:

27r< 1 )sze“ 1
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with

1 +q%1axL2 =N

1 + Qmasz == M
I+ qral® =p
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3-Results and discussion

The Figure (1), (2), and (3) present different
potentials in g semi-classical plasma: Coulomb,
Debye, Deutsch, and Deutsch-Debye potentials. It
turns out that our potential approaches to the Deutsch
at short distance r, and coincides with Debye potential
at large distance. Both potentials decrease with
increasing of the distance r. On the other hand, it is
shown that the discrepancies between these
potentials grow with the increasing of the coupling
parameter I at fixed density parameter rs. When the
density parameter r. deereases the discrepancies
between potentials grow at fixed coupling parameter
r.

The relativistic amplitude of the collision operator
derived from cross-sections (5), is computed from
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formulae (8) and presented in Figure (4) as a function
of the temperature T for fixed density Ne and Z = 10.
At first sight, for all temperatures, we remark that the
relativistic amplitude is less than no-relativistic
amplitude (calculated from the Coulomb cross-
sections) which in turn is less than the amplitude of
collision operator calculated by Griem according the
Coulomb interaction. Thus, the discrepancies between
them grow with increasing of T (figure 5).

Figure (6) shows the same comparison, but for
fixed temperature and fixed Z = 10, between the
amplitudes as a function of the density Ne. we remark
that the relativistic amplitude is lesser for all densities
Ne and each of the amplitude is expressed explicitly as
a linear function of Ne. Furthermore, the differences
between amplitudes increase with the increasing Ne.
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Figures (1): Potential behaviors of the particle interactions, in a semi-classical plasma, us
a function of a distance r between particles: Coulomb potential (UC), Debye-HiicKel
potential (UD), Deutsch potential (UDeu), Debye-Deutsch potential (UDD).
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Figures (2): Potential behaviors of the particle interactions, in a semi-classical
plasma, us a function of a distance r between particles: Coulomb potential (UC),
Debye-HiicKel potential (UD), Deutsch potential (UDeu), Debye-Deutsch potential
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Figures (3): Potential behaviors of the particle interactions, in a semi-classical
plasma, us a function of a distance r between particles: Coulomb potential (UC),
Debye-HiicKel potential (UD), Deutsch potential (UDeu), Debye-Deutsch potential

(UDD).
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Figures (4): The electronic collision operators, in a semi-classical plasma, us a
function of the electronic temperature T.
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Figures (6): Behaviors of the electronic collision operators, in a semi -classical

plasma, us plasma, us a function of the electronic density N..
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4-Conclusion

In a highly ionized plasma, all collisions are
produced by the interaction between charged
particles. The average effect of these collisions is
calculated relative to the impact parameters and the
initial velocities according to the relativistic Maxwell-
Juttner distribution. Then, we consider the movement
of the electron around the emitting ion by placing
ourselves in the conditions where the disturbing
electron acquires excessive speeds.

The non-relativistic electron collision operator is
widely used for most studies of plasmas. However, its
field of validity finds its limits for sufficiently high
speeds. In this case, for high temperatures, the
accelerated particle is very influenced by the
relativistic correction. At a high temperature relativity
can therefore differ more than 80% compared to a
non-relativistic calculation. These results show us that
the relativistic effect in dense plasmas cannot be
neglected in the calculation of electronic width; it
must be taken into account.
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