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ABSTRACT

We present a self-consistent theory based
on the local density functional approach to
study the electron structure of an atom imbedded
in a high density plasma. We consider a neon
atom as an unpurity relevant to high compression
laser fusion experiments for our analysis and
indicate the usefulness of this approach to study
level shifts where linear theories like Debye-
Hikkel or Thomas-Fermi model will fail.

1. INIHDDUCTION

The study on the effect of a material mediin on an atom
(ion) has remained to be an ever-interesting problem in the
physics of condensed matters. In view of the observations of
complicated spectral lines from the dense hot laser-produced
plasma (LPP) this problem has drawn considerable attention in
the recent days [1,2]. Here we consider a modal of an imbedded
atom in a dense plasma with the aim that it may be used as a
step towards understanding the 'plasma diagnostics' for the
determinations of the density and the temperature of a high
compression LPP. Although the present model may be used for
the studies of equation of state and transport properties, in
this paper we shall mainly concern on the aspects of the
screening and the energy spectrum of an imbedded atom in the
high density plasma.

In LPP experimentally, the highest temperature and density
till recently-attained are about 10 KeV and 10 gms/cm* re-
spectively. Such experiments are carried out in a few estab-
lishments [3] involving high power lasers and the attempts are
mainly towards achieving the inertially confined fusion. The
fusion materials like D-T mixture containing some higher Z
atomic impurities become a hot dense plasma in a small spatial
region under the action of laser pulses. X-rays emerge out of
the plasma which are nveasured directly giving sotite idea about
the compression. In reality this plasma is in an extremely
complicated situation where electrons, ions and radiation
fields are strongly interacting. As said before we are mainly
interested here on the physics of a particular atom (ion)
which carries a charge cloud around it and this we refer to as
a 'quasi-atom1• There is a clear distinction between a quasi-
atom and a free atom. The quasi-atom carries the effect of

-l-

the environment which is the main aim of our study in this
paper. We consider the medium of D-T plasma to be a smeared
electron liquid which has been neutralized by a proper
positive background.

We make two major assumptions: (a) the quasi-atom is
in a local theTmodynamic equilibrium (LTE) [2J. This is
perhaps a crude assunption and is not clearly justified,
(b) The quasi-atom interacts poorly with other ions largely
because of charge screening and secondly the quasi-atom
density is small. The latter assumption may be easily re-
moved by using a perturbation scheme involving inter-ionic
potentials as done in the theory of liquid metals [4].

We illustrate our model schematically in Fig. 1 with
two options (A) and (B). Similar models are considered by
Ljberman [S ] and Rozsnyai [6 ] with some miiwr differences.
p Q and p~ are uniform densities of the positive background
and of trie electrons respectively. In case of (A) the
quasi-atom nucleus with point charge Z sits at the origin
(say) with the perturbed electron density shown by Ap{r)
subject to overall charge neutrality. In case of (B) the
point nuclear charge Z sits at the center of a spherical
vacancy in the medium whose radius is suitably chosen
either by using a muffin-tin picture of energy band
structure or by variatianally determining from the charge
neutrality condition [5]. The charge density profile in
our model will Friedel-oscillate and at large r will merge
with the background density unlike in the case of Liberman
or Fbzsnyai. When the background density is large and the
temperature is also large these oscillations are unimportant
because they will die exponentially with increase in tempera-
ture. These oscillations are also seen in the potential.
Finally the potential merges with the bottom of the con-
tinuum (BOC) which is dependent on the ambient density of
the mediuB. So far as the finite temperature aspects are
concerned we shall argue that the temperature broadens the
allowed electronic levels and has mainly an important role
in the occupation of the states.

In the past the linearized models of Thomas Fermi or
Debye-Huckel type, in general, did not incorporate this
aspect of continuun (BOC). Brush 17] has given an extensive
review on this subject on the work done before 1966. IXiring
the last 15 years there have been confusions and contro-
versies on the nature of plasma screening in view of apposite
nature of observations of the spectral lines 18,91. Briefly
we make the following remark on this aspect. The theory of
line-shift [9] is very complicated and is perhaps not a
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well-understood problem. The l ine-shift , in an approxima-
tion is considered to be the difference of level-shifts .
The latter demands the knowledge of the individual levels
in a self-consistent fashion. The level-shifts due to
linearized screening or the so-called plasma polarization
shifts (PPS) have their own range of applicability which
we have discussed recently tlOJ. It i s well known that
Debye-Huckel theory is valid for low airfbient density and
high temperature while the Thomas - Fermi l ike theory i s
good for the screening of inner orbitals of a higher Z
atom when the aujbient density is also high. The PPS
theory is reasonable for low Z atoms and at low antoient
density. Our view on this problem i s that a careful
self-consistent picture should include a l l these models
in their respective regions of validity.

2. THBOFX

A. Self-Consistent Field Method

The total Helmholtz free energy of the system is given
by F • E-TS, where E is sum of kinetic, electron-nucleon
potential, electron-electron potential and exchange
correlation energies. T is the temperature and S i s the
entropy given in terns of occupation of states, n^ as

In the Hohenberg-Kbhn-Sham-Merrain (HKSM) finite tempera-
ture density functional approach [111* w e perform a variation
of energy functional with respect to the Schrodinger-ln<
orbital functions to obtain a set of single particle equa-
tions (we use Hartree atomic units)

{-V2 + Ve££[p(f).T]}* i(r,'I] - e •iC?,T)

where the f irst term is the kinetic energy term. The
second term is one-body effective potential given by

(1)

We have considered this approach in case of an absorbed
atom on a metal surface at tyo, M.P. Das in Proceedings of
Nuclear and Solid State Physics Symposium, Dept. of Atomic
Energy, Government of India, 19C (1976) 79.
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p(r') is the charge density and v (P ,T) is the many body
exchange-correlation potential which is now an unknown
quantity as a function of temperature and density. The
occupation of a state i is given by the Fermi function

i S(£ i-u) (3
e +1

where B is the inverse tsnperature, 1/T and the total num-
ber of electrons N of the unbedded atom is given by

N J J (4)

The symbol £ stands for sunmation over a l l bound and
continuum states of the quasi-atom. The charge density
p(r) is obtained fran (4) before the space integral i s
carried out. We have stated before that we are interested
in the changes in the atomic properties. A major change
is expected in the continuum density of states which we
calculate by the scattering phase shifts of the self-
consistent potential. For details see Liberraan [5] . We
have some differences in our approach from that of Liber-
man, (a) We solve Schrodinger equation while Liberman
solves Dirac equation, (b) We do not force the charge
neutrality condition to a fictitious volume like a muffin-
tin sphere instead we use an effective quasi-atom radius
decided by the ambient density, p .

B. Effective Potential

The crux of the problem is now to obtain an effective
potential. Various quantities like orbital levels , charge
densities, density of states, chemical potential, occupation
of states, etc. are mutually dependent. In the HKSM scheme
the exchange correlation potential i s obtained from the ex-
change-correlation energy of a homogeneous system in the
local density approximation (LtA) as given by

vjpj) CS)

where exc(p,T) is to be calculated. In principle one can
calculate e ^ at non-zero temperature by the prescriptions
given in standard textbooks [12]. Therefore we do not
intend to review this state of art. Instead we briefly
remark that the treatment of exchange-correlation at T/0
is a very cumbersome work and i s thermodynamically anfciguous
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4 . SUNMAffif

We presented an approach which makes a local descrip-
tion of the atomic properties when an atom is in a condensed
medium. With a view to applying this approach to an im-
purity atom in a dense hot plasma relevant to the inertia!
confined fusion we have made some simplifying assumptions
such as: local thermodynamic equilibrium condition and
homogeneous mediun approximation. A quasi-atom in its
equilibrium state is entirely different than a correspond-
ing free atom. Depending on the nature and the condition
of the medium the energy spectra of the quasi-atom could
be found out. Although the qualitative nature of physics
in this problem is not so much unclear,a detailed
quantitative study is desirable for a better understanding
of the plasma diagnostics.
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