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We have studied collisional depolarization of resonance radiation with special attention given to
the line wings. It is shown that in the one particle quasistatic limit the fluorescence radiation is
completely depolarized, independently of frequency and perturber density. By comparison with the
integrated polarization degree it is concluded, that the polarization state of the radiation must

exhibit a frequency dependence.

1. Introduction

The use of optical methods, in particular reso-
nant scattering of light from atoms in gases or
beams, for the study of atomic structure, collision
processes and interactions involving excited states,
has considerably increased in recent years. With
respect to collisional depolarization of resonance
radiation both theoretical and experimental studies
have been concerned with phenomena like destruc-
tion of orientation and alignment or transfer of
polarization of atomic systems by collisions*™%.
These investigations have, however, been restricted
to total cross sections, obtained from the scattered
radiation energy integrated over the total spectrum
of the line.

Differential cross sections for these processes, on
the other hand, namely the dependence on the fre-
quency of the scattered radiation, have to the
authors’ knowledge as yet not been considered. It
should be pointed out in this connection, that con-
ventional experiments on collisional line broadening
are performed with unpolarized light, thus yielding
no information on depolarizing processes. As in
ordinary line broadening, the measurement of dif-
ferential cross sections would yield much more in-
formation on atomic interactions and collision proc-
esses compared to measurements of total cross sec-
tions. In particular, detailed information on the
splitting of the potential for the initial state of the
optical transition (anisotropy of the forces) and
nonadiabatic collisions may be obtained.

In this paper it will be shown for the first time,
that a frequency dependence of the polarization
state of the scattered radiation is to be expected.
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The existence of the effect of frequency depen-
dence of the polarization state may be qualitatively
seen in the following manner. Quasistatically, the
frequency @ of the radiation emitted from an atomic
oscillator is related to its internuclear distance R
from a perturber through the difference of the po-
tentials for the initial and final state of the line by
ho(R) =V(R) —V#(R)=V(R). For simplicity
we assume that « increases with decreasing R.
Since the impact parameter b is by definition the
smallest value R during a collision, a correlation
between R and b exists and thus a correlation be-
tween @ and b. Now, the criterium for a collision
to be adiabatic with respect to the internuclear
axis > becomes increasingly fulfilled when b de-
creases, assuming increasing splitting of the initial
state potential with R. This means, that the angular
momentum of the radiating atom will, with increas-
ing probability, keep its orientation fixed with re-
spect to the internuclear axis, but change it with
respect to some space fixed axis, so that the emitted
radiation becomes increasingly depolarized. Because
of the correlation between @ and b it follows from
the above assumptions that the radiation becomes
more and more depolarized with increasing . Thus
one would generally expect a change of the polariza-
tion state with frequency.

2. Calculation of Integrated Fluorescence
Intensities in the Impact Approximation

We first calculate the fluorescence radiation in-
tensities integrated over all frequencies.

We restrict ourselves to broad band excitation
(halfwidth of the exciting line large compared to
that of the fluorescence line) and sufficiently weak
radiation fields, where effects like nonlinear absorp-
tion and stimulated emission may be neglected.
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Then the radiation flux corresponding to an electri-
cal vector parallel to the unit vector € is given by
the well known expression ©
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Here g and e refer to the ground and excited state
respectively; the vectors € and u are expressed in
the spherical basis, all space quantum numbers
being defined with respect to a space fixed frame.

In the following we consider the special case, that
the electronic angular momentum quantum numbers
associated with the ground- and excited state are
Je=0 and J, =1 respectively, the nuclear spin being
zero (example: transition 6°P; — 61S; of the mer-
cury 19line 2 2537 A). Furthermore we assume
that the exciting radiation is linerly polarized along
the z-direction.

Using the standard method of decomposition  of
the density matrix into irreducible tensor compo-
nents 8 the matrix elements , u, can be deter-
mined. Tt may be shown that no orientation appears
and one obtains the following result:
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where K is a constant. The quantities I', y, are the
relaxation rates of the scalar components of the
density matrix due to radiation damping and
quenching collisions respectively and 7, is the colli-
sional relaxation rate of the alignment. We assume,
that experimental conditions are such that y, is zero.

We now consider two particular orientations of
the vector €, namely the directions parallel to the
z- and z-axis respectively of the space fixed frame;
the corresponding components of e are given by
eM =08y and eM = —1/V2(Sy; —Oy-1) respectively.
For the flux with respect to these directions one then
obtains
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We now define a quantity called integrated de-
gree of polarization Py, by the relation
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where the intensities (i), and (Ii.), are propor-
tional to the previously defined quantities @@ and
D'*) respectively. Remarking, that ¢9;;,=0_;_; we
can show, that P, reduces to

Pior= (00— 011)/ (Qo0 +€11) - (5)

The formulas (3) and (5) are readily derived
by using the Wigner-Eckart-Theorem.

For the purpose of discussion we express the
density matrix elements by the relaxation rates
using (2) with y9=0. We further introduce the
cross section (J, for destruction of the alignment,
defined y5=nvQ, (v and n being the mean rela-
tive velocity of the colliding particles and the num-
ber density of the perturbers respectively). The total
polarization degree then takes the form
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We thus obtain the well known Stern-Vollmer
type formula .

3. Fluorescence Intensities in the Quasistatic
Wings of the Line

In the far wings of the line the radiative flux at
a certain frequency « may be computed on the basis
of the quasistatic one particle approximation. Fur-
thermore we may assume that the atom is in an
adiabatic state with respect to the internuclear axis,
i.e. for a given value of the space quantum number
with respect to that axis we associate a well defined
binary potential curve. Under these assumptions the
radiative flux parallel to @ may be written as fol-
lows:
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Here all space quantum numbers refer to the
internuclear axis and C and ¢ are constants. The
frequency wy, (R) is given by the difference po-
tential according to the relation

o (R) = = Ve (R) (8)

where R is the internuclear distance.
In establishing the formula (7) we assumed that
the density matrix with respect to the internuclear
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axis is of the form pu m =00u u, , resulting
from the fact, that all orientations of that axis in
space are equally probable.

As in the previous paragraph we now consider
two particular directions of e, parallel to the z-
and z-axis respectively of a space fixed system.
Components of e are then given by e = Dy for e
parallel z and e =1/YZ (DL 13— D{y) for e par-
allel z; D! is a rotation matrix depending on the
Euler angels which specify the orientation of the
internuclear axis with respect to the space fixed
frame.

We now calculate the flux with respect to the two
directions of e. After averaging the products of D!-
matrix elements over all Euler angels we obtain the
following result:
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Introducing the intensities I,(w) ~ @ (w) and
I,(w) ~D% () and defining a differential polari-
zation degree

P(w) =[I:(w )1/ (@) +1,(w)] (10)

we thus prove, that in the far wings of the line
P(w)= 0, i.e. the fluorescence radiation is com-
pletely depolarized.
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4. Discussion

From the result expressed by (6) it is seen, that
in general the integrated polarization degree has a
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finite value, which decreases with increasing per-
turber density. For n—co one has P, =0, a result
which is in agreement with intuition and experi-
ment. On the other hand we have shown that at a
given frequency in the quasistatic wings of the line
there should be complete depolarization of fluores-
cence radiation at any density. From this we have
to conclude, that there is a dependence of the polari-
zation degree on frequency. Moreover one may ex-
pect, that at a given perturber density the central
region of the line profile is stronger polarized than
the line wings. These conclusions are in line with
the qualitative arguments given in the introduction.

Strictly speaking the derivation of formula (6)
for the total polarization degree is based on the
impact approximation, which is valid only in the
line core. Since, however, the latter yields the main
contribution to the total line intensity, the general
situation should not be affected by this restrictive
remark.

Our approach does not allow us to obtain more
detailed information on the frequency dependence
of the polarization degree. Thus it seems highly
desirable to develope a theory based on a general
formalism.
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