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A field-dependent value of angular momentum can be impartedte,aluster by the interaction of
its anisotropic polarizability with a nonresonant laser field. In this way a centrifugal term is i
duced that can be tuned to a critical value sufficient to overcome the potential that binds the
Due to its dependence on the internuclear distance and laser intensity, the critical angular mor
for dissociation is attained at different internuclear separations for different pulsed-laser inter
As a result, the dependence of the dissociation probability on the laser intensity offers a me
map the potential and/or the polarizability anisotropy. A comparison with experiment thus coulc
vide a test of either. The technique is applicable to other molecules in bound states close to
sociation limit.
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Definitive proof of the existence of tHle, dimer has been provided by the elege
diffraction experiment of Schollkopf and ToenrieEhis capped a long and lively his
tory, including extensive theoretical efforts (see ¥&fnd references cited therein
The accuracy required to treat the "weakest bond" still stretches current computz
methods to their limits Here we note the possibility of determining the interator
potential from the dependence of the dissociation probability of the dimer on the i
sity of a pulsed nonresonant laser field.

Under field-free conditions, the He-dimer potent\4R), can only support the zero
point vibration (with an eigenenergy 1.3 mK below the dissociation limit) and
ground rotational state with = O0; see Fig. 1. The centrifugal term in the effecti
potential
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(with p the reduced mass amtthe internuclear distance) leads to dissociation for
higher rotational states. This occurs because the critical vali@ofor which the
effective potential can no longer support the zero-point state isiatil 0.00095 =
[3°20) much smaller thad(J + 1) forJ > 1.

However, an arbitrary value of the angular momentum can be imparted to the
by the interaction of its induced electric dipole moment with an external electric |
such as a nonresonant laser field. This interaction creates pendular states, hyt
field-free rotor states, whose angular momenta reflect the strength of the interact

The time-averaged Hamiltonian for a linear molecule (or cluster) with polal
bilities o) anda; parallel and perpendicular to the internuclear axis when subject
nonresonant laser field of amplitudgis given by

H=BJ?- % e5(Aa cog0 +ap) . @

HereJ?is the square of the angular momentum operators a,—ag is the polariza-
bility anisotropy,0 is the polar angle between the molecular axis and the directic
the electric field and

ﬁ2
2UR?%

B(R) = (©)

The expectation valuéB(R)[] is the rotational constant. From E®),(the expectation
value of the squared angular momentum is

82
DZD:§+4—; [AaEogoTH o] (4)

Fe. 1
Schematic view of théHe, potential V(R) (full
| - line) and effective potentidU(R) (dashed) with
. the vibrational eigenfunction,;,(R) (shaded).
The zero-point vibrational state is bound by 1.3 n
and the depth of the well, locatedRt 5.61 a.u.,
is 11.037 K. The classical turning points occur
11.037 K 4.996 and 26.495 a.u., respectively, and the
pectation values of the internuclear distance a
. | . . its square aréIRD_z 9_0.78 a.u. _andIRZD= 14 509
0 50 200 300 200 500 (a.u.f, the latter yielding a rotational constdBti=

R, a.u. 3.0 mK
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with E/B the eigenenergy aridos 8the expectation value of the alignment cosine.
the low-field limit and for the ground pendular state (both pertinent here) wé have

E_&a O

B~ 4gHs T9Y ©)
and
Gogork L+ L £ ©6)
37270 B
so that
D2 13&@%—0‘5 . @

By substituting for the polarizability anisotropy from the exparfsion

2 3
_ 6ag . 603

TR ®

(wherea, is the polarizability of the ground-state He atom), we can evall&t@na-
Iytically over the whole range of internuclear separations of interest. Wieswceeds
5 a.u., the second term in E®) (s negligible (within 1%), so in Eq7) the value of
[J°Obecomes simply proportional &

When[J*0is reached, the dimer is aligned, wiftog 60= 0.3371 and librates with
an angular amplitude &f54°. Its spatial distribution is given by the square of a line
superposition of spherical harmonia§,, with contributions from) = 0 (99.98%),J = 2
(0.016%) and = 4 (=0.00004%).

The dissociation probability depends on the duration of the nonresonant laset pu
For a pulse duration much longer than the vibrational period (the cw fmwt}, T,, the
molecule will vibrate through the whole range of internuclear separations. At a
intensity sufficient to imparfd*Oat any of them, the molecule will dissociate. Thel
fore, in the cw limit only the laser intensity corresponding to the critical ang
momentum can be determined, yielding the eigenenergy but not the vibrational ¢
function.

However, in the short pulse limit, << 1,, it may be feasible to determine the vibr
tional eigenfunction. The critical value of angular momentidi[] then is reached fol
different field strengths (laser intensities) at different internuclear distances. At a
laser intensity], there is a maximum internuclear distanRg, up to which the dimer
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receives the critical angular momentld¥ Oand thus dissociate®{( = 1.621 with R’
in a.u. and the laser intensityn 10> W/cn). In a first approximation, the probability
distribution for dissociating the dimer is given by

=

FRD = [ Win(RP dR | ©)
0

wherey,,;,(R) is the vibrational eigenfunction. We evaluated this function by num
cally solvind the 1-D Schrédinger equation f¥R) taken from ref. Figure 2 shows
the dissociation probabiliti?(R*) together with its derivative, the probability densit
f(R*), as a function oR* (and thus the laser intensity). Note tfi@*) coincides with
the square of the vibrational eigenfunction.

Complicating factors include tunneling and the presence of a force exerted &
laser pulse on the dimer along its bond that tends to shorten itRTd@pendent force
is due to the anisotropic polarizability; it can enhance or inhibit dissociation, depel
on whether the laser pulse arrives in the contracting or stretching phase of the
tional motion, respectively. As a result, the dissociation probability becomes a co
ution of F(R*) and a function that reflects the-dependent force. This convolutiol
yields the dependence Bf on the laser intensity. A full guantum mechanical analy
of the dynamics of the dissociation in the short-pulse regime is under way.

As indicated by the calculations presented here, dissociation of the helium
induced by rotational hybridization should be readily observable. This pertains al
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Fic. 2
The fractionF(R < R*) and its derivativef(R*) of the He dimers dissociated at an internuclear di
tanceR < R* (nonresonant induced dipole interaction). Rt the dimer receives the critical amoun
of angular momentum necessary for its dissociation. Notef@®gt coincides with the square of the
zero-point vibrational eigenfunction (see text)
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other feeble clusters or to ordinary molecules in vibrational states close enough
dissociation limit. Indeed, an arbitrary value of angular momentum can be impart
any nonspherical molecule or cluster by the interaction of its induced dipole ma
with a pulsed laser field. In this way, the centrifugal repulsion can be continuc
tuned to the critical value sufficient to shake off the shackles of the bond.

We are grateful for support of this work by the National Science Foundation.
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