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The formalism of scattering theory was recently ap-
plied! for the study of resonance fluorescence from a
molecular dissociative continuum. The Born-Oppen-~
heimer separability together with the Condon approxi-
mation allows a complete description of photon scatter-
ing from a single dissociative continuum or, more gen-
erally, from a set of uncoupled continua.! The explicit
evaluation of the Green’s function and of the reaction
operator for two coupled continua, say {in)} and {im)}
can be accomplished for séparable intercontinuum inter-
action potentials, V, of the form (| Vim)=uv,{n) v,(m),
or for optical potentials of the form

| vin)=3"(21+1) vil) v}l ") P,(H- )
1

These separable potentials applied for resonance fluo-
rescence’ have a long history in nuclear scattering.?
Fulton® has generalized our treatment to include factor-
ized interactions

M
| v[m)=>" viln) viim) ,
Y

suggesting that his solutions can be applied to dispense
with the Condon approximation. We would like to point
out that although Fulton’s mathematical procedure is
correct, his new formalism is unnecessary for the study
of resonance fluorescence from a dissociative contin-
uum in diatomics, while for polyatomic molecules,
further extensions of the formalism are essential. Both
in our previous treatment! and in Fulton’s study® the role
of rotation was not explicitly introduced, We shall pro-
vide a complete discussion of the separability of the
molecular coupling with the radiation field.

in the Born—Oppenheimer approximation the general
molecular wavefunction is

‘yex({ri}) {R]}7 6) = we({ri}’ {RJ}) d>eh({Rj}: 9) y

where r; and R; are electronic and nuclear coordinates,
respectively, defined in a molecular fixed coordinate
system (x,y,z) while © represents the three Euler an-
gles (fyy) defining the orientation of the (x,y, z) frame
with respect to a space fixed (X¥Z) coordinate system.
The origins of both coordinate systems are at the molec-
ular center of mass. i, and ®,, represent electronic
and total vibrational-rotational wavefunctions, respec-
tively. The electromagnetic interaction matrix element
is given in the notation of Ref. (1) by

({ex, ke|Hint IQIvaaC»:B’h(k) Z (@exuég'){Rj}Faz'i’e'x')
@=x,y,2
1)
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where p is the transition moment operator in the molec-
ular fixed frame

p’ee'{Rj}:<we? “'Z/)e’) E“‘ég’)a a :x,y,z .

() and () refer to integrations over nuclear and elec-
tronic coordinates, respectively, while F(f¢y) corre-
sponds to a transformation matrix between the molecule
fixed and space fixed coordination systems.

Specializing these results to diatomics® we take for
the bound state le)) = gvAJM) =, ({r;}, R)y) “(R) Dy, (w60)
while for the continuum dissociative state le'\")
= {leA'T' M) =@, ({r,}, R)e”* (R)DZ, . (900). Here A is the
angular momentum component along the molecular axis
whereas JM are the total angular momentum quantum
numbers with respect to the space fixed axes. xJ*(R) is
the vibrational wavefunction, ¢’"*'(R) represents the
continuum dissociative nuclear wavefunction while
D"AM((pGO) is a Wigner rotation matrix, For parallel
type transitions g5 (R)= uP(R) =0 and p % (R) #0 while
for perpendicular type transitions uSP(R)=pS’ (R)
and 1% =0 for all values of the internuclear separation
R. Thus for diatomic Eq. (1) yields

({gvAJIM, ke |H,,, |1eA'T' M, vac))
=8"nk) | pS®R) [ M) Dya | Foz |Djfear)
for parallel transitions
=B8'R(R) (x| wGR) | € MWDy | Faz + Fyz | Dheps)

for perpendicular transitions. (2)

Adopting the “axial recoil”® approximation, i.e., ignor-

ing the weak J dependence of yJ* and ¢’ ' for a narrow
J range (AJ=x1) we see that the interaction (2) is sep-
arable and we can use Eq. (II. 19) of Ref. (1) replacing
f.(E;) [Eq. (L. 20) of Ref. (1)] by the generalized Franck
Franck~Condon factors £ (e) = (x2 | ufP(R) 1€’ ")
which now incorporate the possible effect of the R depen-
dence of the electronic transition moment. With the in-
teraction (2) we can then utilize our original treatment!
although the Condon approximation is not invoked and
thus Fulton’s amendment is unnecessary.

Explicit evaluation of the various cross sections using
Eq. (2) requires, however, carrying out summations
over M and M’, which was avoided in Ref. (1) by adopt-
ing a semiclassical procedure resulting in averaging
over molecular orientations. For the calculation at in-
tegrated cross sections, the semiclassical and the
quantum treatments are equivalent.

Resonance scattering from polyatomics involves dis-
sociation into a manifold of coupled intramolecular con-
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tinua, ® each corresponding to a different vibrational
state of the polyatomic fragments and so the treatment
of Ref. (1) must be extended, The dependence of the di-
rection of the electronic transition moment on the nu-
clear configuration in polyatomics can be encountered
for some weakly allowed transitions which have a con-
siderable ingredient of vibronically induced intensity.”
We are not familiar with the observation of such effect
in bound-continuum transitions.
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