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Variation of photofragment angular distributions near the isolated Lorentzian resonances:
Influence of the continuum-continuum interaction
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The variation of the product angular distributions near isolated Lorentzian resonances is theoretically ana-
lyzed. We show that interactions between the asymptotically degenerate dissociative states can give a mono-
tonic variation of the anisotropy parameters OFBJ(, j=0,1,2) with different slopes near isolated Lorentzian
resonance in the predissociation of the OH molecule. The anisotropy parameters are shown to change near the
resonance even in the simplest situation where the predissociation occurs through only one dissociative state,
noninteracting to the first order with other asymptotically degenerate states. This finding is attributed to
second- and higher-order interactioh$1050-29478)09509-2

PACS numbd(s): 33.80.Gj

I. INTRODUCTION cesses. These type of interactions were also shown to affect
the magnitude of the molecular phd$d in (w,,w3) coher-
The dynamics of predissociation is very different from theent control.

direct (off-resonancg dissociation processes in many re-  While interactions between discrete and continuum states
spects. In direct dissociations dynamic observables such &€ well known to be the origin of the phenomena of predis-
the product branching ratios or angular distributions rapidlysociation and autoionizatiof¥], the effects of the coupling
approach diabatic limit valugd] at energies well above the bgtwet_an _dissociative stat_éahen there exists more than one
dissociation threshold. An interesting dynamics is expectedlissociative states carrying the quantum flbave rarely
to be observed only at near-threshold energies as a Ccmslgeen'treated in indirect dissociation processes. In Fd8d’'s
quence of the influence of nonadiabatic interactions amongl""ss'C treatment, for example, continuum states were as-

the asymptotically degenerate states at large internuclear di umed to be “prediagonalized” befqre interacting with dis-
ymp y ¢ed 9 rete states. When more than one kind of photofragment can

tances called the recoupling region. The measurement of d)E ) L
) . . . ; . . -‘be produced from the predissociation process, several Born-
namic properties at intermediate energies easily provides ins

formation on the svmmetrv of the excitation process and th Oppenheimer states may correspond to these products, and
: lon Sym y xcitation p SS §he nonadiabatic coupling between the dissociative electronic
dissociation mechanisiil]. On the other hand, very inter-

. . . . states may significantly affect the dynamijdg. Considering
esting dynamics exist both at near-threshold energies and g the vector properties of photodissociation are more sen-

intermediate energies in predissociation processes. The fjjve indicatorg 1] of the dynamics than the scalar proper-
miliar occurrence of resonance is a typical dynamic conseies, it will be very interesting to examine how they would be
guence of predissociation at intermediate energies, which igffected by the interaction among the asymptotically degen-
caused by the interactions between boygdteway states  erate dissociative states in the vicinity of resonance. The
and the dissociation continuua. most fundamental question would be whether the vector
Dynamics in the vicinity of isolated Lorentzian resonanceproperties would remain constant near isolated Lorentzian
may look intuitively simple. Indeed, we have sho{&j that  resonances like the scalar propertipsoduct branching ra-
the product branching ratios do not change as functions dios) treated earlief2,3].
the energy across the symmetficorentzian resonances. We address this important question in the present work.
This observation simply stems from the fact that for Lorent-We show that the anisotropy parameters may exhibit a sig-
zian resonances the partial cross sections to photoproduatséficant variation near isolated Lorentzian resonances even in
exhibit resonances whose linewidths and positions are iderthe absence of quantum interference between direct and in-
tical to those of the total cross section. However, recent exdirect dissociation pathways. This finding is attributed to in-
perimental and theoretical studies indicate that the dynamicteractions among the asymptotically degenerate dissociative
near the simplestisolated and Lorentziantype of reso- states. Eliminating these asymptotic couplings gives an iden-
nances may not be simple at all, as a consequence of thial variation of anisotropy parameters across the reso-
interactions among dissociative states. For example, thesences. However, we show that very gradual changes still
interactions were predicte[B] to affect the line shape of persist even in this simplest situation, where only a single
asymmetric resonances. The very interesting observations moninteracting dissociative state is mostly responsible for the
Liyanageet al. [4] on the very diversdadiabatic, diabatic, dissociation.
and intermediafepatterns(depending on the nature of the
gateway stateof the branching ratios of the Cl-atom fine- II. THEORY AND COMPUTATIONAL METHODS
structure states produced in HCI predissociation were pro-
posed[5] to arise from the interactions among dissociative In this work we treat vector properti¢$,9—15 of photo-
states carrying the quantum flux in the photodissociation profragments for predissociation processes of OH. The potential
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FIG. 1. Potential-energy curves of OH. The zero of energy is

defined as the baricenter of the energies of the triplet oxygen-atom
fine-structure states. Ill. RESULTS

In the photodissociation of the OH molecule, quantum
curves of the electronic states included in the present calcunterference between the direct dissociation pathvn
lations are depicted in Fig. 1. Two oxygen terms®PYand 23 7) and the indirect pathwayvia A 23*) would give
O(*D), are involved in the dynamic process considered inasymmetric resonancég,3] for the v’ =7 vibrational levels
this work. The ground statX 21 and the repulsive states of the A Y™ state, since both the dissociati?® ~ and the
43,7, 237, and“II correlate with the triplet oxygen Gp), boundA 23" states are optically coupled with the ground
while the A 25+, 2A, and 22I1 states correlate with the X 211 state. In order to examine the product angular distri-
singlet oxygen O{D) term. TheA 23" state, correlating Putions near isolated Lorentzian resonance, however, we
with O(*D), crosses with the repulsive statds~, 25, eliminate the effects of quantum interference by employing

and “I1 that dissociate to GP). Predissociation of the vanishing transition dipole moments for transitions from the

. -y 2 . — .
A 25" state results from spin-orbit couplings between the|n|t|al X 211 state to the repulsivés ~ state. The resulting

bound statéd 23" and the three repulsive statés —, 23, dynamics is the “pure” predissocigtionﬁofztmi = s'iate
and “II. The optical transition considered in the presentby coupling with the three repulsivés ", *x7, and_ I
o L 2 states. It should be noted that the latter three repulsive states

work is f/rom the V|brat|onallyzgr+ound level of theé “I1 sta}tg can interact with each other by spin-orbit and Coriolis inter-
to the »'=9 level of theA °X™ state, and the transition cyions. The behavior of the scalar properties3] (total
energy is about 6.3 eV. _ _ cross section and product branching ratiae simple in this

The frame transformation matricgs], which connect the  sjtyation: The resonances are Lorentzian, and the product
adiabatic Born-OppenheimefABO) states to the corre- pranching ratios are independent of energy near the reso-
sponding atomic term limits, are the most important elemenhance as depicted in Fig. 2. Figure 3 depicts the product
of the theory. Since the spin-orbit interactions between theingular distributions for this purely indirect dissociation pro-
A 23" state and thés, ~, 237, and Il states do not vanish cesses. It can be seen that the anisotropy parameters exhibit
at infinite internuclear distances in the OH moleculgp  significant variation, and that the slopes of the variations are
transformation matrices must be constructed, each of whicHifferent from each other. The changes in the anisotropy pa-
describes the correlation between ABO states and the corrégameters near isolated Lorentzian resonances are monotonic,
sponding atomic term limitfO(®P) and O¢D)], as shown in contrast to the more drastiexhibiting maxima changes
in Ref.[2(a)]. It must be noted that the theory can include aof the vector properties across the asymmetric resonances
variety of interactiongexcept the hyperfine couplingsand ~ shown in earlier work$9].
that it studies their effects on the photodissociation dynam- In order to elucidate the underlying mechanism for this
ics. very intriguing variation of the product angular distribution

A continuum wave functiorg14x 14 matriy of good par- shown in Fig. 3, we investigate the situation where predisso-
ity is propagated using the renormalized Numerov methodiation occurs by a single channefY~ statd. This is
[16], and appropriate boundary conditions are imposed at thachieved by employing vanishing spin-orbit couplings be-
end of the propagation. The transition amplitudes for dissotween A 25" and the other two repulsivé>~ and *II
ciation to a specific fine-structure component of the oxygerstates. The’S, ~ state, however, is still allowed to interact
atom is calculated by applying the golden rule. The potenwith the other two repulsive®s~ and “Il states in
tials and the spin-orbit interactions employed in the presenasymptotic region in thisingle-channeldissociation. The
study were described in Rd2(a)]. resulting anisotropy parameters are depicted in Fig. 4. The
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FIG. 3. Angular distributions of dﬁ- , 1=0,1,2) near théso- FIG. 5. Identical to Fig. 4, but with the asymptotic couplings

lated Lorentzianresonance corresponding to the=2 andv’'=9 between the three dissociativ(", 23,~, and*IT) statesemoved
levels of theA 23 state. Direct dissociation via th&s ~ state is
eliminated. Predissociation occurs by the spin-orbit coupling beshow identical, very slow and monotonic variation near the
tween theA ?3* state and the three dissociativ&(, X7, and  resonance. Thus it clearly shows that the differences between
4H) states. The initial ground state is thézl_lg,z state, with the values of the anisotropy parameters Of3IQ(! J
Ji=3% andv;=0. =0,1,2) shown in Fig. 4 can be attributed to the direct in-
teractions among the asymptotically degenerate dissociative
angular distributions exhibit monotonic parallel variationsstates. It is very intriguing that the anisotropy parameters still
near the resonance, with small differences in the values aéxhibit a small degree of variation near the resonance even in
the anisotropy parameters in this situation. Thus, even in thighis simplest situation. We emphasize that the predissocia-
single-channel dissociation, it seems that the nonadiabatigon occurs only by a single channél{~ state, and that the
(spin-orbit and Coriolisinteractions between th€&X ~ state, 45~ state does not directly interact with other repulsive
which carries the quantum flux, and tR8 ~ and “II states, states in this hypothetical scheme. Thus it may seem that the
can yield small differences in the anisotropy parameters obther dissociation channels are “spectators” that would not

O(P;, j=0,1,2). _ ~affect the dynamics at all. However, it should be noted that
Finally, we isolate the residual effects of the nonadiabatiahe “ ~ state can still interact with other repulsive states in
(spin-orbit and Coriolis interactions by eliminating theli-  an indirect (second- and higher-ordemway through the

rect (that is, first order interactions among the dissociative phoundA 23" state near the crossing points. This latter type
states {27, “27, and *II), and obtain the anisotropy pa- of interaction between continuum states has rarely been dis-
rameters depicted in Fig. 5. Now, all the differences in ancussed although, it was shown that the second- or higher-
isotropy parameters of &P;, j=0,1,2) vanish, and they order interactions between resonaneéa continuum statés
may affect the shape of asymmetric resonances in the predis-

0.305 ' - - - - - - : sociation of Cg [17]. Although this effect is weak in the

0300 | i present case, it may yield a more rapid variation of photo-
fragment angular distributions for systems with large cou-

0.295 |- q pling between the gateway and the dissociative states, and

0,290 consequently with larger coupling among the dissociative
states.

0.285

0.280 IV. CONCLUSIONS

0.275 - . The calculations presented in this paper demonstrate that
the anisotropy parameters of the photofragments may exhibit
significant variation acrosgolated Lorentzianresonances
0.265 . . . . ! due to several different kinds of interactions between the
196580 196588 195590 199595 195600 dissociative states. The present findings clearly indicate that
the interactions between the dissociative states in predisso-
FIG. 4. Angular distributions of 3@;, j=0,1,2) neaisolated ciatjon can signiﬁcantly affect the \{ector p'roperties of phq—
Lorentzianresonance corresponding to the=2 and»’' =9 levels  todissociation. It is shown that the interactions between dis-
of the A 23 state. Direct dissociation via th& ™ state is elimi- ~ Sociation channels can give different variation of the
nated. Predissociation is allowed to occur only by the spin-orbi@nisotropy parameters of €R;, j=0,1,2). First-order in-
coupling between tha 23+ and*S ~ states. Asymptotic couplings teractions among the asymptotically degenerate states are
between the three dissociative(", 23 ~, and “II) states arge-  also shown to result in parallel variation of the anisotropy
tained The initial ground state is th¥ 2I15, state, withJ;=% and  parameters. Only eliminating these effects gave identical an-
v;=0. isotropy parameters of él(’i , 1=0,1,2) near the reso-
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nance. Even in this simplest case, second- and higher-ordeorrespond to the semiclassical case recently treated by in
interactions among the repulsive states are shown to yield Ref.[18].

very gradual variation. Thus, as a limiting case of this very

intriguing trend, it can be concluded that the product angular ACKNOWLEDGMENTS
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