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We present the first relativistic many-electron SCF correlation diagram for a superheavy quasimolecule: Pb—Pb. The dis-
cussion shows a large number of quantitative as well as qualitative differences as compared with the known one-electron

correlation diagram.

Realistic relativistic many-electron correlation
diagrams are very important for the physical under-
standing and quantitative interpretation of the electron-
ic processes occurring in adiabatic heavy ion collisions,
because extended coupled channel calculations within
a complete set of (in principle arbitrary) basis functions
are not (yet) possible. The energy eigenvalues {and
eigenfunctions) given as a function of the internuclear
distance R in the correlation diagram make it possible
to discuss approximate physically adapted solutions of
the time-dependent Schrédinger equation with these
molecular basis functions which are expected to be re-
latively near to physical reality for medium and large
internuclear distances R. Even in the region R < 100
fm, where in a high energetic collision most of the non-
adiabatic effects occur, these basis functions are expect-
ed to be somewhat better (but also more “expensive™)
than those from the one-electron correlation diagrams.

Up to now for very heavy systems with a united
charge Z + Z, > 120 there exist only one-electron
correlation diagrams (except for the very asymmetrical
-system [ + Au) [1]. As we will see below, screening ef-
fects are very important even for the innnermost levels
of very heavy quasimolecules. Therefore a full relativis-
tic self-consistent correlation diagram taking into ac-
count a realistic large number of electrons leads to a
number of important qualitative and quantitative
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changes as compared with the old one-electron correla-
tion diagram [27], which are discussed below.

In fig. 1 we present our SCF correlation diagram for
Pb—Pb with 96 electrons on a double-logarithmic scale.
It is calculated within a Dirac—Fock—Slater procedure
[3] using a very large number of numerical DFS atomic
basis functions of lead and additionally those of the
united atom, The important improvements which were
absolutely necessary in these calculations to avoid
spurious states was the preorthogonalization of the
basis so that linear dependencies could be omitted.

A careful comparison with the one-electron corre-
lation diagram of Kirsch et al. [2] shows a number of
significant differences and physically important changes:

(a) Even the strongest bound electronic levels are
considerably screened. At R = 50 fm, the binding is
lower by 8% for the 1(1 /2)g, 25% for the 1(1/2), and
40% for the 3(1/2)g level, At R =500 fm, these changes
are already 13%, 34%, and 50%, respectively. These
numbers are a comparison between the exact one-elec-
tron and our many-electron calculations. Both calcula-
tions can be approximated with relatively good accuracy
for very small internuclear distances by the so-called
monopole approximation introduced by Soff et al. [4].
Of course, in a calculation such as a coupled channels
calculation with the inclusion of outer crossings, binding
energies and matrix elements have to be evaluated with
a molecular many-electron calculation.

(b) Due to the change in screening at small inter-
nuclear distances the lowest levels which correlate to
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Fig. 1. Adiabatic correlation diagram for Pb—Pb with 96 electrons calculated with a self-consistent-field relativistic Dirac—Fock—
Slater method. The labels of the lowest levels show on the left the united atomic state and on the right the molecular label in the

relativistic nomenclature.

j = 1/2 atomic levels decrease even steeper at R >0

as compared with the one-electron correlation diagram.
(c) The 1(1/2),, level (which non-relativistically is

called 2p ) shows a very pronounced minimum at R ~

2000 fm, the energy eigenvalue being about 120 keV.

This minimum does not exist in the one-electron corre-

lation diagram of Kirsch et al. [2]. It only shows a re-

gion where the 2p  level is relatively constant in energy.

This clear minimum in the many-electron correlation
diagram is very important because Stoller et al. [5] ob-
serve an anisotropy maximum near 130 keV in Pb—Pb
collisions. According to the interpretation of Gippner
et al. [6] or Stoller et al. [7] such anisotropy maxima
are strongly correlated with the minima in the correla-
tion diagram. Proposals for a theoretical understanding
of this effect have been given by Briggs et al. [8],
Anhoit [9] and Hartung et al. [10]. The existence of
the 2p_ minimum is therefore a strong support for this
interpretation which also seems to be valid even in the
region of such heavy systems. In addition we find two
further low lying isolated minima, one for the 2(1/2)
level at R = 3800 fm and another for the 3(1/2),
level at R =~ 1000 fm. According to the interpretation
stated above those minima may be correlated with the

observed [11] anisotropy maxima at 40 keV and 25
keV, respectively.

(d) At small internuclear distances of about 500 fm
the many-electron correlation diagram shows pro-
nounced minima for many levels correlated with atomic
levels with j > 1/2. We suppose that these minima are
responsible for the additional anisotropy maxima, ac-
cording to the interpretation stated in (c).

(e) The avoided crossing between the 1(1/2),, and
2(1/2), levels is located at R ~ 500 fm with an energy
difference AE ~ 20 keV. The corresponding values
from the one-electron correlation diagrams are R ~
700 fm and AF ~ 35keV. A coupled channels calcula-
tion shows an increase of up to nearly an order of mag-
nitude of the hole transfer when going from the one-
electron levels to the level structure in fig. 1. The actual
increase of course is strongly dependent on the impact
parameter and energy. The consequences are discussed
in the next point.

(f) Due to the strong increase of the binding energy
for all levels correlated with atomic levels withj = 1/2
at very small internuclear distances, a non-negligible
part of the holes could be transferred from the M shell
via the L shell into the K shell of Pb in a single colli-
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sion process. This is possible due to radial coupling
between the 3(1/2), level and the levels correlated with
the M shell. At very small distances the holes can be
transferred from the 3(1/2),, level to the 2(1/2),, and
1(3/2),, levels by radial and rotational coupling, respec-
tively. Finally the crossing between the 2(1/2), and
1(1/2),, levels as discussed in (e) will allow a large hole
transfer into the K shell of Pb. This process is implicitly
included in the paper of Soff et al. [12], but has not
been discussed explicitly.

As a result one may say that such a realistic many-
electron correlation diagram which is presented here
for the first time for a superheavy quasi-atomic system
leads to a number of qualitative and quantitative
changes in our understanding of the physics of inner
shell phenomena in heavy ion scattering. Of course, a
large number of additional detailed calculations have
to be performed in the future.
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