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Despite the apparent simplicity of photodissociation in diatomic molecules, some of
the essential physics of this process is not understood when there is fine structure in
the atomic photofragments. Previous theories cannot treat the branching ratios and
angular distributions of the individual fine structure sublevels. We have developed a
complete quantum mechanical theory of the effects of nonadiabatic couplings and of
electronic angular momentum on the fine structure branching ratios, angular distribu-
tions, and polarization in diatomic photodissociation. When the photofragments sepa-
rate with large relative kinetic energy, simple limiting expressions can be obtained for
branching ratios and the symmetry parameters which characterize fragment angular
distributions and polarized fluorescence from excited fragments. Information about
the symmetry of the molecular states involved in the optical transition which dissociates
the molecule may be deduced from fine structure branching ratios and asymmetry
parameters in the high energy limit. At low relative kinetic energies where non-adiabatic
couplings are crucial, cross sections and asymmetry parameters exhibit interesting
behavior which intimately reflect the shape of the dissociative molecular surfaces. We
employ the example of sodium hydride photodissociation to produce 2p excited sodium
atoms as a model system because of the availability of ab initio potential curves and
oscillator strength matrix elements. The low energy photodissociation cross section
and angular distributions are shown to exhibit resonances which arise in part due to
non-adiabatic spin--orbit and Coriolis couplings. Their energy dependence can therefore
be utilized to probe the nature of potential curves which are not directly pumped in
optical absorption processes and may therefore provide a unique spectroscopic means
for measuring properties of these "dark" states.
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1. INTRODUCTION

One of the important decay channels of excited molecular states
involves decomposition. Molecular dissociation processes play a vital
role in many chemical systems that are fundamental to the description
ot chemical reactions, of atmospheric processes, and astrophysical
and biological problems. There has been great interest recently in
understanding how the energy content of an excited molecule prior
to dissociation is partitioned among available photofragment degrees
of freedom. Significant progress from both the experimental and
theoretical viewpoint has been made in determining the distribution
of the total energy of the excited molecule among fragment transla-
tional, rotational, and vibrational degrees of freedom when the dis-
sociation may be assumed to proceed on a single electronic potential
energy surface. (For recent reviews, see Refs. 1-4.) In contrast, the
partitioning of the energy of the excited molecule among electronic
degrees of freedom of the photofragments has not received much
attention. However, it is necessary to understand electronic energy
partitioning in order to predict the response of photofragments to
various experimental probes and to maximize the information which
may be extracted from experimental data. For instance, one of the
most useful experimental probes of photodissociation dynamics,
absorption and emission of polarized light by photofragments, is very
sensitive to the fragment electronic state distribution.

In this paper we study diatomic molecule photodissociation when
more than one fragment electronic state is energetically accessible
and, consequently, the dissociation involves motion on more than
one electronic surface. Transitions between electronic states induced
by non-adiabatic interactions occur as the fragments separate and
affect the distribution of fragment electronic states. The nascent
superposition of electronic states produced immediately after absorp-
tion of a photon is altered, often quite drastically, by electronically
non-adiabatic coupling. Treatment of electronic energy partitioning
in diatomic molecule photodissociation is important because the effect
of non-adiabatic interactions is significant whenever the photofrag-
ments have non-vanishing angular momentum. Also, study of
diatomic dissociation in the presence of non-adiabatic coupling is a
first step toward understanding electronic energy partitioning in poly-
atomic molecule dissociation.
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Electronically non-adiabatic interactions always play a crucial role
in photodissociation dynamics near a threshold for dissociation when
the fragments possess non-vanishing electronic angular momentum.5’6

For diatomic molecules, non-adiabatic interactions need to be con-
sidered unless the dissociation leaves both fragments in 1S electronic
states. The role of non-adiabatic interactions is common and not
confined to traditionally studied examples in which two electronic
potential energy surfaces cross or nearly cross. We provide a full
quantum theory for dissociation of light atom diatomics in another
publication.7 In this paper we present an introduction to the theory
which explains the strong influence of non-adiabatic interactions upon
molecular dissociation and highlight the effects of non-adiabatic coup-
ling that may be observed experimentally.

Non-adiabatic interactions near a dissociation threshold provide a
mechanism which may be exploited to great advantage to increase
the information about excited molecular potential energy curves
gained from a photodissociation experiment. In the course of the
dissociation, non-adiabatic couplings cause transitions to molecular
electronic states which otherwise would not participate in the dissoci-
ation dynamics, making these "dark" states accessible to experimental
investigation. Inclusion of non-adiabatic interactions is essential in
the calculation of photodissociation transition amplitudes to fragment
internal states produced by photodissociation. These amplitudes
characterize a coherent superposition of final fragment states which
may be probed using various experimental techniques. We have
derived7 theoretical expressions for the following observables which
are often measured in the laboratory:

1) cross sections to fine structure levels of atomic fragments.
2) photofragment angular distributions for each fine structure

level.
3) cross sections for fluorescence emitted by excited fragments in

various fine structure states with arbitrary direction of propogation
and polarization. (Similar considerations also apply to absorption of
polarized light by photofragments and are applicable to detection of
fragments by laser induced fluorescence techniques.)

4) joint cross sections for the simultaneous angular resolution of
photofragments and polarized fluorescence (or absorption of polar-
ized light).
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For each observable cross section given above, we have derived
expressions suitable for single photon dissociation and for two-
photon, two-color dissociation.7 The latter process is advantageous
because the first photon allows for selection of the rotational, vibra-
tional and electronic state of the diatom prior to excitation to the
dissociative surface. Our investigations to date are confined to photo-
dissociation of diatomics, although the theoretical methods we
describe can be extended to larger molecules.

In Section 2 we explain the physical motivation for the theory and
the reasons why non-adiabatic interactions are important in many
cases where they have been overlooked so far. Section 3 contains a
description of analytic approximations for various differential cross
sections which are valid when the relative translational energy avail-
able to the photofragments is much greater than the magnitude of
the non-adiabatic couplings. In many cases this high energy approxi-
mation allows prediction of the photofragment angular distributions
and polarization of fluorescence emitted by excited fragments based
solely upon the symmetry of the molecular states involved in the
optical excitation of the molecule and without the need for any
dynamical calculations. At lower translational energies numerical
calculations are necessary to generate cross sections for detailed
comparison with experimental data. In Section 4 we present results
of recent calculations for dissociation of Nail to Na(2P/2,3/2) and
H(2S1/2)8 to illustrate the detailed information available in the depen-
dence of various cross sections on the preparation of the molecule,
the energy available to the dissociating molecule, and the fine structure
state of the fragments.

2. PHYSICAL MOTIVATION OF THE THEORY

We consider dissociation of a diatom to light atoms which can be
described by L-S coupling. The treatment of other coupling cases
follows similarly. Throughout this paper, the subscripts a and b refer
to the two atomic fragments. The various atomic term limits are
denoted by ca and Cb. The first three atomic term limits (thresholds
for dissociation) for the a-b molecule are shown in Figure 1. At
small internuclear separations, the molecular region, the inter-
action between the two atoms is dominated by forces arising from
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FIGURE 1 Schematic representation of molecular electronic potential surfaces and
their atomic term limits. The internuclear separation is r. The levels of each atomic
term limit are split by spin-orbit interaction. A possible curve crossing in the molecular
region is indicated.

interaction among all the electrons and nuclei, including exchange
interactions.
To lowest order, the full wave function for both the initial bound

state and excited states in the molecular region is a product of wave
functions for radial motion of the nuclei, rotation of the symmetry
axis of the diatom with respect to a space fixed (SF) coordinate system,
and an adiabatic Born-Oppenheimer (ABO) electronic wave function,

J*alr(molecularbasis)=tEMcASX(r)DMl(Ot[3y)lcAS,) (2.1)

For purposes of illustration, a Hund’s case (a) wave function is given
J*above, where Dlvm(aBy) is a Wigner rotation matrix element and

(aB’y) are the Euler angles which rotate the SF coordinate system
into a body fixed (BF) coordinate system in which the symmetry axis
of the diatom is along the BF z-axis. The interfragment separation
is r; the total spin quantum number is S; A and are the projections
of electronic orbital and spin angular momentum, respectively; and
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M is the projection of total angular momentum J on the SF z-axis.
The relative magnitudes of the rotational constant relative to the fine
structure splitting determines whether a Hund’s case (a) or case (b)
wave function is more appropriate for light atoms. The analysis is
readily considered using any Hund’s case wave function.

Non-adiabatic couplings arise from various terms in the full
diatomic molecule Hamiltonian. For instance, the Coriolis interaction
couples states in which the projection lq of total angular momentum
differs by one unit. Spin-orbit coupling mixes states which may differ
in $, A, and , but not in f. The radial derivative in the nuclear
kinetic energy operator acts on the ABO electronic wave function to
couple molecular states with the same quantum numbers A, $, and. Therefore the exact total wave function in the molecular region
actually is a linear combination of the molecular states of (2.1).
However, in the absence of curve crossings, the ABO electronic
energy eigenvalues are usually well separated in this region, and the
effect of non-adiabatic couplings may be taken into account with
perturbation theory.

Several molecular potential energy curves converge to one atomic
term limit if the atomic fragments have non-vanishing electronic
angular momentum (Figure 1). We refer to the asymptotic region at
large internuclear separations as the atomic region. In the atomic
region, the approximate molecular states (2.1) are still coupled by
non-adiabatic interactions. Coriolis couplings, which are proportional
to r-2, vanish slowly at large r and spin-orbit coupling between
molecular states persists to all interfragment separations. However,
the approximate molecular states that correlate at large intertragment
separations with the same atomic limit become energetically degener-
ate at large r, and the non-adiabatic coupling between them can no
longer be treated perturbatively. Instead, we expand the wave tunc-
tion in the atomic region in products of wave functions for radial
nuclear motion, orbital motion of the nuclei about the center of mass,
and atomic fine structure states for each ot the fragments.

,i(atomic basis)

lrnc JarnaCbjbrnb

(2.2)

In the above equation/’a and m (fb and rob) are the quantum numbers
for total electronic angular momentum and projection along the SF
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z-axis which label the atomic fine structure states of fragment a (b).
The Y, () are spherical harmonics and is a unit vector along the
internuclear axis in the SF coordinate system. In general, the
molecular states (2.1) are strongly coupled at large interfragment
separations and do not form a proper basis for expansion of the wave
function in the atomic region. Therefore, it is only meaningful to
calculate photodissociation transition amplitudes to the atomic frag-
ment states (2.2), and not to the molecular states (2.1).
As the molecule dissociates, the interplay between the forces which

dominate in the molecular region and those which dominate in the
atomic region determines the final superposition of fragment eigen-
states. This superposition is strongly influenced by the energy available
to the dissociating molecule, the rotational, vibrational, and electronic
state of the initial complex, and the molecular potential energy curves.
At photon energies near threshold for dissociation, we predict the
following behavior to be observed’

1) non-statistical branching ratios to fine structure states of the
same atomic term limit which vary as a function of photon energy.

2) angular distributions of photofragments which change dramati-
cally across the threshold region. Different fine structure states have
different angular distributions.

3) photodissociation cross sections, angular distributions, and
polarized fluorescence from excited atomic fragments reflect a wealth
of resonance phenomena near the dissociation threshold. Resonance
phenomena are also predicted to appear as a result of molecular
states normally not considered in the dissociation dynamics (for in-
stance, triplet states if the initial molecular state before excitation is
a singlet).

The threshold phenomena described above are all exhibited in our
calculations for Nail which are discussed in Section 4. Similar
phenomena are predicted for the photodissociation of other diatomic
molecules.
As the photon energy increases the fragments eventually recede

from each other with translational energy much larger than the
magnitude of the non-adiabatic couplings. In this high energy regime,
the transition amplitudes often tend to limiting values which are
independent of the photon energy. This high energy limit, often called
the recoil limit,9 is described in the following section.



64 S.J. SINGER, K. F. FREED AND Y. B. BAND

3. HIGH ENERGY LIMIT

At high translational energies the wave function for motion on the
dissociative surfaces change diabatically from the molecular to the
atomic regime as discussed in Section 2 above. In another article7 we
show that in the limit of large translational energy, or the recoil limit,
the dissociation dynamics may be broken into two steps which may
be treated separately: First the molecule is excited from the initial
state to a dissociative electronic surface. Transitions between elec-
tronic states in the molecular region can be neglected at high transla-
tional energies except for special cases where curve crossings occur.
Secondly, the dynamical effect of non-adiabatic coupling is realized
at the boundary of the molecular and atomic regions by matching a
wave function given by a sum of molecular states (2.1) to the
asymptotic atomic form (2.2) at the boundary surface. In the recoil
limit the transition amplitude r(lm],m,,h,mbli) from an initial state
indicated by the index to the fragment eigenstate labelled by quan-
tum numbers l, m, ],, ma, ]b, and mb is given by a sum of products of
molecular transition amplitudes "r(cAS,li) and orthogonal transfor-
mation elements which transform the large r limit of the molecular
states (2.1) into the atomic eigenstates (2.2)

"r(lmcof,macbfbmbli) z(c A$,li)(c ASYllmc,d,m,,cbh,mb)
cAS,

(3.1)

The transition amplitude z(c ASE[i) depends on the magnitude of the
oscillator strength from the initial state to a particular molecular state
while the transformation element (cASEllmca]amaCb]bmb) accounts
for the sudden switch from molecular to atomic regimes.
The transformation elements on the right hand side of (3.1) are

analytically given in terms of angular momentum recoupling
coefticients.7 When only one dissociative molecular state carries oscil-
lator strength from the ground state, the sum on the right-hand side
of (3.1) may be omitted. In this case the magnitude of (cAS,[i)
cancels when various asymmetry parameters for fragment angular
distributions, polarized fluorescence, etc., which are actually ratios
of partial cross sections, are calculated. These asymmetry parameters
then have fixed numerical values independent of the oscillator strength
from the ground state and therefore independent of photon energy.
Consequently, when only one molecular state participates in the
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dissociation, the recoil limit asymmetry parameters are given by
analytic, although complicated, sums over standard angular momen-
tum recoupling coefficients.7 If more than one dissociative molecular
state carries oscillator strength from the ground state, the contribution
from each dissociative state must be included as given in (3.1). The
latter case leads to the persistence of interference effects between
different excited molecular states at high translational energies.

In Table I we present the degree of polarization of fluorescence
emitted by an excited photofragment for several common atomic term
limits and molecular transitions in the recoil limit. In these examples
we assume a Hund’s case (a) diatom is dissociated by a single photon
of linearly polarized light and fluorescence in each example is pro-
duced by decay of the P-state fragment to an S-state. The general
formula is given elsewhere.7 The polarization ratio P is defined by

P =/11 I- (3.2)
I,+I.

TABLE
Polarization ratio in axial recoil limit as a function of initial, intermediate, and final

quantum numbers

Fine structure Polarization ratio
Atomic Molecular level of P-state of fluorescence from
limit transition fragment P -+ S state transition

1 __, 1 1 1/2
12 -- 11-I 1 7/9
11-I --- 1 -1/3
1II -+ 1/I -1/3

1 1yl 3/2 21/47

2 _+ 2 1/7
2 21/107

2 ._ 21- 1 21/87
2 143/449

2I-I1/2 21-I 1 -3/19
2 21/107

21-I 3/2 -’ 21"I 1/7
2 -21/93
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where Ill and I+/- are the intensities of spontaneously emitted light
polarized parallel and perpendicularly, respectively, to the polari-
zation vector of the initial excitation. Note that the predicted polari-
zation varies with fine structure level in the case of fluorescence from
a 3p level where more than one fine structure level can give rise to
polarized fluorescence. (Spontaneously emitted light from fine struc-
ture state 1, rn) is completely unpolarized if/" < 1.) Also, note that,
in general, different molecular transitions which correlate with the
same atomic limit give rise to different polarizations. Excitation from
different multiplet components of the initial electronic state can
influence the polarization of fluorescence from fragment fine structure
level, as shown in the case of 2H 2H1/2,3/2 excitation In summary,
the pattern ofpolarized fluorescence from atomic fragmentfine structure
levels provides a "fingerprint" which points to the symmetry and multi-
plet component of the molecular states involved in the optical excitation

of the diatom.
Our analytical recoil limit calculations predict non-statistical

branching ratios in certain cases even at high translational energies.
The relative cross sections to the three fine structure states of the 3p
limit produced by 2II1/2,3/2-- 2II excitation are shown in Table II.
The relative cross sections for the f 0, 1, 2 fine structure states are
different depending on the initial multiplet from which the molecule
is excited and are not in a 1’ 3’ 5 statistical ratio. However, the sum
of cross sections over initial multiplet states is statistical. We are able
to prove7 that averaging over initial multiplet levels always results in
a statistical branching ratio if, for instance, one of the fragments is
in an S-state. Therefore, dissociation of diatoms in a thermal distribu-

TABLE II
Branching ratio to fragment fine structure levels in axial recoil limit as a function of

initial multiplet level: 2I’I1/2.3/2 -- 2I’I molecular transition

Relative cross section to fine
Molecular structure levels of P fragment
transition 3po 3p1 3p2

Eli 9/4 5/4I-11/2 -- 21..I-[3/2 -- 0 3/4 15/4

Sum of 2H1/2 ---) 2H and 2H3/2 ---) 2H 3 5
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tion of multiplet states does not result in non-statistical branching
ratios, at least if one fragment is in an S-state. However, if the
molecule can be prepared in a single multiplet components, say, by
the first photon in a two-photon, two-color, dissociation, then our
results suggest that non-statistical branching ratios may be observed,
even in the recoil limit.

4. EXACT QUANTUM CALCULATIONS

We report results of exact close coupled calculations for the dissoci-
ation of Nail to Na(2p1/2,3/2)-t-H(2S1/2). The ground state of Nail is
an X 1E/electronic state. The dissociative surfaces that correlate at
large interfragment separation to the Na(2p)+ H(2S) atomic limit are
the A Y.,/ and B I-I states which carry oscillator strength from the
ground state, plus b 3H and c 3+ triplet states. The A + and b 3H
surfaces are the only dissociative molecular surfaces with a stable
minimum. In the presence of a repulsive centrifugal potential, a barrier
is formed on these surfaces. Long lived complexes (shape resonances)
are supported by these two surfaces when the translational energy of
the fragments is less than the height of the centrifugal barrier, and
the particles must tunnel through the barrier to dissociate. Ab initio
ABO electronic potential surfaces and transition moments for Nail
were used in the calculation. The details of the calculation1 and some
preliminary results8 are described elsewhere.
The differential cross section for detection of photofragments at

angle 0 with respect to the polarization vector of incident radiation
linearly polarized along the SF z-axis may be written in the form

df
(iSa)= o’(fNa)[1 +/ (/’Na)PE(COS 0)] (4.1)

where P2(cos 0) is the Legendre polynomial of second order, O’(iNa
is the total photofragment cross section, and/3 (/’Na) is the anisotropy
parameter which encapsulates all information about the asymmetry
of the fragment angular distribution.
The differential cross section for spontaneously emitted photons

with polarization vector s produced by the decay of excited
Na(2p) fragments to Na(2S) may be written in the same form as the
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photofragment differential cross Section (4.1) given above,

do- 1
d

(irma) 4-Crs (fNa)[ 1 + s(fNa)e2(cos Os)] (4.2)

where cos 0. Like the photofragment differential cross section
(4.1), the above form of the fluorescence differential cross section
only applies if the incident radiation is linearly polarized. The polari-
zation ratio (3.2) is given in terms of the anisotropy parameter/3 (/’r,)
for spontaneous emission by a simple formula which is derived by
setting 0 equal to 0 and r/2 in order to obtain the intensity of
fluorescence parallel and perpendicular to the SF z-axis, respectively.

P(fN,) 3/3s (/’Na)[4 +/3s (/’Na)]-1 (4.3)

The total fluorescence cross section rs (fNa) is related to the fragment
cross section tr(/’Na) by a constant factor, although/3 (/’N) and/3(/’ya)
vary independently. Fine structure states with total electronic angular
momentum less than unity do not emit polarized fluorescence so
fls(fya ) vanishes identically.
Total cross sections for dissociation of Nail from the lowest vibra-

tional level of theX 1E+ ground state and total initial angular momen-
tum Ji 10 to each of the sodium fine structure states are presented
in Figure 2. There is a huge resonance peak at 12 cm-x of excess
translational energy in the Na(2p1/2) cross section but not for the
Na(2p3/2) cross section. No experimental confirmation of interchannel
resonances of this type near a dissociation threshold is available at
present. (Translational energies are measured from the average
energy, or barycenter, of the Na(2p) spin-orbit state.) A much smaller
and sharper peak is observed in the cross section to both Na fine
structure states at 20 cm- excess translation energy. The resonance
peak at 12 cm- can be associated with the A E+ surface and the
peak at 20 cm-1 with the b 3I-I surface.8 The latter peak would not
be observed in our calculations without the inclusion of spin-orbit
coupling, yet this peak is the dominant feature of the Na(2P3/2) cross
section near threshold. The resonance associated with the b 3I-I surface
causes dramatic variation of the phototragment angular distribution
and fluorescence anisotropy near 20 cm-x (Figure 3).
We have also calculated differential cross sections for photofrag-

ments and fluorescence for two-photon, two-color dissociation of
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FIGURE 2 Calculated Nail photodissociation cross sections for production of
Na(2P1/2) and Na(2p3/2) fragments in the near threshold region. The molecule is
dissociated by a single photon from the lowest vibrational level of the X 1E+ state of
Nail with total angular momentum before absorption Ji 10. Energy is measured from
the average energy, or barycenter, of the Na(2p) spin-orbit states.

Nail.7 The first photon excites the Nail molecule to a particular
rovibronic level of the A 1,v,,/ state. After absorption of the first photon
the molecule is prepared in an anisotropic state due to the polarization
of the photon. (Even unpolarized excitation would prepare the
molecule in an anisotropic state since the propagation vector of the
incident radiation defines a unique axis for the system in the SF
coordinates.) In contrast to single photon dissociation, the two-photon
dissociation occurs from an intermediate state which is already
anisotropic. This additional asymmetry is the essential difference
between the one and two-photon processes. It is well known that
photofragment differential cross sections for two-photon excitation
may have multipole components given by Legendre polynomial com-
ponents up to order 4. The differential photofragment cross section
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ENERGY (cm-FIGURE 3 Calculated anisotropy parameters for Na(2p1/2.3/2) and H(2S1/2) frag.
ments produced by single photon dissociation of Nail in the near threshold region.
The preparation of the Nail molecule before dissociation is the same as that in Figure
2. Energy is measured from the average energy, or barycenter, of the Na(2p) spin-orbit
states. Photofragment anisotropy parameter for Na(2p1/2)_and Na(2P3/2) fragments
(top graph). Fluorescence anisotropy parameter for Na(P3/2) fragments (bottom
graph).

for two-photon excitation may be written in the following form if
both photons are polarized along the SF z-axis.

dr 1
d’- (]Na) ’O’(]Na)[] + fl (]Na)P2(cos /9)+ "y (]Na)P4(cos (4.4)

5. CONCLUSIONS

At fragment translational energies far in excess of the magnitude of
non-adiabatic coupling matrix elements, transition amplitudes to
atomic fragment eigenstates are given in terms of amplitudes to
molecular excited states (Eq. 3.1). When only one molecular excited
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state participates in the photodissociation in the recoil limit, the
various observable branching ratios and anisotropies may be com-
pletely evaluated without consideration of the molecular potential
curves themselves and without any further dynamical calculations.
When more than one molecular excited state enters into the photodis-
sociation in the recoil limit, then additional dynamic information is
required. However, this information involves only the amplitudes for
dissociation on single molecular adiabatic states, and these are rather
simply evaluated, often from semiclassical methods. Hence, when a
single molecular transition contributes in the recoil limit, the experi-
ments can be used to deduce the symmetry of this excited state,
whereas the contribution of more than one state gives information
concerning the shapes of the potentials themselves. In the latter case
experiments can be performed as a function of exciting wavelength
to aid in fitting the molecular curves.
When the translational energy of the receding photofragments is

small, that is, near a threshold for dissociation, a full dynamical
calculation of the transition amplitudes is necessary. In this regime
cross sections and asymmetry parameters for each atomic fragment
state display strong variations with energy, including resonance struc-
ture, which intimately reflect the shape of the excited molecular energy
curves, their symmetry, and the non-adiabatic coupling. To our knowl-
edge there is not yet any experimentally confirmed observation of
interchannel resonances of the type we calculate for Nail, although
some may have been observed for CH+. 13 Hence, near threshold
photodissociation appears to afford excellent opportunities for experi-
mentally determining interatomic potentials between open shell
atoms. The traditional approach involving crossed molecular beam
scattering is more problematic, especially when one of the fragments
is electronically excited and the other is a radical as in the Nail case.
Relevant crossed beam experiments that yield information about the
potential curves are difficult to perform, and there is an average over
initial impact parameters to deconvolute. In contrast, the diatomic
dissociation can often be probed at low energies using the mono-
chromaticity of laser excitation. Moreover, with the initial state selec-
tion attainable in two-photon excitation, the total angular momentum
of the molecule is fixed within one unit prior to dissociation. This
leads us to believe that low energy diatomic dissociation will become
an important tool for studying intermolecular interactions between
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open shell atoms and, in particular, the intermediate and long range
attractions which are hard to calculate theoretically and to measure
by other techniques. Thus, one of the purposes of our theoretical
work is to provide the full quantum mechanical machinery for
analyzing such experimental data to its fullest. It is also clear that
similar effects will be observed for polyatomic molecules. The theory
for dissociation of polyatomic molecules in the presence of non-
adiabatic interactions can be built upon the theory presented here
for diatomic molecules.
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