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In contrast to nonrelativistic collisions between two
composite atomic systems which both carry elec-
tron(s), neither the plane-wave Born treatment nor the
semiclassical formalism were formulated for relativis-
tic collisions of such systems [1]. We have recently at-
tempted [2] to extend the �rst order plane-wave Born
and semi-classical approximations to treat relativistic
collisions between composite atomic systems (the sim-
pli�ed version of the semi-classical treatment was given
in [3]). In order to describe collisions between a (single-
electron) projectile-ion and a target-atom which are
subject to the electromagnetic interaction in the colli-
sion, we start with the transition S-matrix element
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where JI�(x) and J�A(y) are the electromagnetic 4-
currents of the projectile-ion at a space-time point x
and of the target-atom at a space-time point y, respec-
tively, and DF (x�y) is the propagator for electromag-
netic radiation. The cross section of a process, where
the electron of the projectile-ion makes a transition
from the ground state  0 (with energy "0) to a �nal
state  n ("n) of the ion and the electrons of the atom
a transition from the ground state '0 (�0) to a �nal
state 'm (�m) of the atom, is obtained to be
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The integration in (2) runs over the two-dimensional
transverse vector q? with 0 � q? < 1 and q? � v =
0, where v is the collision velocity. Further, F I

� and

F �
A, (�; � = 0; 1; 2; 3) are the four-component form-

factors of the projectile-ion (given in the rest frame
of the ion) and of the target-atom (given in the rest
frame of the atom), respectively. ��

� is the Lorentz
transformation matrix between these two frames,  =
(1� v2=c2)�1=2 is the Lorentz factor, qmin = "n�"0

v
+
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v
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v

. The summation

indicated in (2) runs over the spin degrees of freedom
of the electron of the ion and those of the atom.

If the �nal intrinsic state of the atom is not ob-
served, one has to sum over all possible states of the
atom. The resulting cross section can be split into the
screening (m = 0) and antiscreening (all m 6= 0) con-
tributions to the total cross section for the transition
0! n of the electron of the ion.

Figure 1 displays cross sections for the electron
loss from a Pb81+ projectile in collisions with a neu-
tral carbon atomic target as a function of the colli-
sions energy. The experimental points at lower ener-
gies are from [4], the high-energy point is from [5]. In
our calculations we neglected the space components of
the atomic form-factor, F l

A = 0; l = 1; 2; 3 and used
semi-relativistic wavefunctions for the electron states
in the ion. In addition, the contribution of the anti-
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Figure 1: Loss cross section for Pb81+ impact on a
carbon target; squares: experimental data from [4] and
[5]; dashed, dotted and solid curves: our calculations
for the screening, antiscreening and total contributions
to the loss, respectively; dash-dotted curve: results of
[6]; open circle: an estimate of [7]. For additional
information experimental results from [8] and [9] on
the electron loss from a Au78+ projectile in collisions
with carbon are also shown (solid and open triangles,
respectively).

screening mode to the total cross section was evalu-
ated within the closure approximation which, for the
collision system in question, is expected to be a rea-

sonable approximation for 
>
� 2� 3. For the collision

system the antiscreening mode is expected to give a
negligible contribution at collision energies below 0:2
GeV/nucleon.
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