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In heavy-ion collisions, the molecular electronic dipole moment is accelerated and may emit continuum

x rays even in' the absence of inner-shell vacancies. Semiclassical calculations of the bremsstrahlung intensity

are made for 200-MeV Kr+Ti encounters using hydrogenic two-center wave functions to calculate the
molecular dipole moment. The bremsstrahlung is confined to x-ray energies below the Kr K x-ray lines.

One of the main problems in interpreting non-
characteristic continuum radiation observed in
heavy-ion-atom encounters is to calculate the in-
tensities from various bremsstrahlung pro-
cesses, ' ' as well as the intensity of molecular-
orbital (MO) x rays. ' Nucleus-nucleus brems-
strahlung, emitted by the accelerated dipole be-
tween the nuclear charges, has received much aC-

tention. ' ' Recently, Chen et al. ' suggested that a
new kind of background radiation may be present
called "collective radiation. " The radiation is
emitted because "during the collision, electrons
can be induced to radiate because of the distortion
of the charge densities and the coupling of the
radiation field with the nuclear motion. "' We in-
terpret this radiation classically; the radiation is
emitted because of the acceleration of the elect-
ronic dipole moment during the collision.

The molecular model of heavy-ion collisions'
holds that the electronic wave functions during a
collision will not be simple atomic orbitals of the
projectile and target, but will combine to form di-
atomic molecular orbitals. Hence the electronic
dipole moment will not be the difference between
the number of projectile and target electrons (&N)
multiplied by the internuclear distance (R), but in

general will be less since part of the projectile's
electron density will be sh~ed with the target and
vice versa. Because the molecular wave functions
depend on internuclear distance, the molecular
electronic dipole moment has not only a first time
derivative, but also a second time derivative. The
dipole moment is accelerated (even in the absence
of Coulomb deflection, R = 0); hence it can emit
radiation.

In this communication, we perform semiclas-
sical calculations of the x-ray intensity emitted in
200-MeV Kr+ Ti encounters. Previously, Levine
and Birnbaum' considered this type of bremss-
trahlung in collisions between inert-gas atoms at
thermal velocities where the radiation was ob-
served in the infrared. Part of our analysis is
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where Z, (Z,) and A, (A, ) are the projectile (target)
atomic andmass numbers, A. „=A,A, /(A, +A,), and

the sum i is over filled MO's g,(r, R(t)}. The in-
tensity of radiation emitted into all space per unit
energy from the acceleration of this dipole is ob-
tained by Fourier analyzing j.(t),' "
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whereE„=he, b is the impact parameter, and v is
the ion velocity. The differential cross section for
x-ray emission is given by integrating I over im-
pact parameters:

d
2~b db l(u&, b, v).

x 0

The emission of photons requires ji(t}4Oat least
for some values of t. The dipole component of the
nucleus-nucleus bremsstrahlung (NNB) cross sec-
tion has been obtained by Fourier analyzing the
nuclear component of p, (t) along a Coulomb tra-.
jectory where R(t) 00.'

This comment considers the electronic con-

similar to theirs. Chen et a/. "presented aquan-
tum-mechanical theory of this process. However,
they did not make calculations of the x-ray inten-
sity; hence the importance of this process could
not be properly evaluated. We shall show that the
molecular bremmstrahlung intensity is generally
negligible compared to the intensity of x rays from
the filling of molecular inner-shell vacancies
("MO x rays"}.

The total electric dipole moment of the quasi-
molecule calculated in the center-of-mass (CM)
frame at time t is given by the sum of a nuclear
and an electronic component:

0 &,~(t) = V ~(R(t))+ p, (R(t))

= (Z, /A, —Z, /A, )A„eB(t)
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