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The interatomic potential of the system I-I at intermediate and small distances is calculated from atomic DFS electron
densities within a statistical model. Structures in the potential, due to the electronic shells, are investigated. Calculations of
the elastic differential scattering cross section for sma1l angles and several keV impact energies show a detailed peak pattern
which can be correlated to individual electronic shell interaction.

The potential energy surface for elastic scattering
between atomic particles, known as the interatomic
potential, has been subject to investigation for many

years [1-4]. The main features are well described by
analytic forms like the Bohr potential [5] or, as a
better approximation, by the Lenz--Jensen poten
tial [6]. The numerical Thomas-Fermi approach has
been applied to diatomic systems by Firsov [7]. All
these models are applicable quite well to heavy ion
scattering experiments, where the impact energy is
above the keV range, and scattering angles are not
too small. However, at cm angles in the forward scat
tering region, with energies of about 100 keV, the
inflection point of the classical trajectory is reached
at an internuclear distance where the inner atomic
shells of the scattering partners overlap. Here the
electronic shell structure of the scattering system has
to be taken into consideration. Experiments under
these scattering conditions by Loftager et al. [4]
have shown that the differential cross section for
elastic collisions has a detailed structure. This can
be understood as an effect due to the spatial elec
tron distribu tion in the two-centre many-electron
system.

As a first step we have calculated the interatomic
potential of the system I-I as an example in a den-
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sity functional approach, The total system energy in
this model is

E= VNN + VNe + Vec + Tc,

where

VNN =2 12 2/R

is the potential energy of the bare nuclei,

f( Zl 2 2 ) 3
VNe =- '--I + '--I per) d rr-r1 r-r2

the electron-nucleus interaction energy,

v =lfP(r)p(~')d3rd3r'-K f p4/3d3r
ee 2 Ir - r I a

the electron-electron interaction energy, consisting
of the direct part and the exchange part in the Slater
approximation, and

Tc = Kk Jp5/3 d3r

the kinetic energy term. This last term is based on the
statistical TF theory of the atom [8]. The constants
Ka and Kk are in atomic units

K =a 1(3/rr)1/3 K = 2. (3rr2)2/3
a X2 'k 10 '

where we use O:x =0.7.
For the electron density p we choose the sum of
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Fig. 2. Differential scattering cross sections for Xe+-Xe (ex
periment, ref. [4]) and I-I (theory, this work).

of Lindhard et al. [2]. The abscissa is the dimen
sionless quantity s =e sin(8 /2), where e is the c.m.
scattering angle and e a reduced energy € = (Eo cm a)/
(Z 1Z 2)' The screening length a is defined by a
=0.8853 (Zr/3 +Z~/3)-1/2. The ordinate is the re-

duced differential scattering cross section q =(da/
dn)/(da/dn)LJ' where LJ indicates the value for
the Lenz-Jensen potential. The calculated scattering
cross sections give a structure that is comparable to
the one measured [4] in the system Xe"-Xe.

The relatively good agreement between experi
ment and theory in fig, 2 shows that for the first
time the general behaviour of elastic heavy ion colli
sions can be described theoretically. 1t is even possi
ble to correlate the potential structures in fig, 1 with
the peaks in fig, 2. Especially the structures from the
inner shells, e.g. M-N shell interaction for s ~ 10-2

as weIl as the L-N and M-M interactions for larger
s, can be correlated to experimental data in their ab
solute values. It would be interesting to have measure
ments for the L-L and even K-L interaction as well,
which lead to the theoretical peaks at s ~ 10-1. We
interpret the deviations of the peak positions from
the measured values as quasimolecular effects which
are not included in OUf model. To test this the same
calculation has to be done with an ab initio self-con
sistent field internuclear potential for the two-centre
many-electron system. Here the rearrangement of
the atomic orbitals during the collision process is
taken into account. Such calculations are in prep
aration.

atomic densities p = ppFS + p~FS, where the atomic
densities have been calculated by using good SCF
DFS wavefunctions. To obtain the scattering poten
tial energy we have to subtract from the total system
energy the total energies of the separated atoms V
=E - EI - E 2. The potential energy curve VeR) re
sults from calculating E at the internuclear separa
tion R.

Since the potential structure due to the electronic
shell structure in an absolute plot is very small, we
choose a relative plot where only the difference
(V - VLJ)R to the Lenz-Jensen [6] potential VLJ
is drawn as function ofR. This function is shown in
fig. 1. Here the electronic shell structure in the region
between 0.1 and 2.0 au can be seen quite weIl. The
minimum at 0.02 au is due to the analytic form of
the Lenz-Jensen potential. To compare these results
with experiments we have calculated the elastic scat
tering function e(b) in the centre-of-mass system,
classically:

e(b) = 1T

- 2b f r-2[1_b2jr2 - V(r)/EOcm ]- 1/2 dr,

R o

where b is the impact parameter, Ra the distance of
closest approach, and E0 cm the c.rn, impact energy.
From the scattering function we get the elastic differ
ential scattering cross section

da/dr2 =(b/sin e) Ide/dbl- I .

We have calculated cross sections for c.m. impact
energies from 25 to 400 keV. In fig, 2 the results are
shown in a scaled plot where the small angle cross
sections for different impact energies fall on one
curve. This scaling law results from the LNS-theory
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Fig. 1. Relative scattering potential for the systern I-I.
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