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Cold collisions between argon atoms and hydrogen molecules
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Collisions between argon atoms and hydrogen molecules are investigated at very low temperatures.
Quantum-mechanical calculations are performed using two different potential-energy surfaces. Rate coeffi-
cients for all possible combinations of initial vibrational and rotational level have been computed in the limit
of zero temperature. Resonant and quasiresonant behavior is found using both potential-energy surfaces. The
results are interpreted and estimates are made of the reliability of the calculations.
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I. INTRODUCTION

In a series of recent papers@1–5#, various aspects of rovi
brational energy transfer in ultracold atom-diatom collisio
were explored. Motivated by experimental methods such
helium buffer gas cooling@6# and helium cluster isolation
spectroscopy@7#, the theoretical studies each assumed a
lium atom collision partner. The helium experiments,
gether with other cooling and trapping schemes@8–16#, have
opened up a new temperature regime to study atom-mole
dynamics. Most of the current experiments involving co
molecules involve atoms that are heavier and interact m
strongly than helium. Therefore, it is desirable to extend
investigations@1–5# to include atoms that are heavier an
allow a deeper van der Waals potential well than systems
contain helium atoms.

It is also generally desirable to provide estimates of
accuracy of the calculations. Because potential-energy
faces are not designed for ultracold temperatures, it is d
cult to estimate the accuracy of results that employ them
was shown@1# that the cross section for exothemic vibr
tional relaxation in ultracold He-H2 collisions decreased b
several orders of magnitude when the long-range part of
potential was neglected. More realistic estimates of the ac
racy of the scattering results may be made when there e
more than one reliable parametrization of the potent
energy surface for a given system. Such is the case for Ar2
where we have employed the use of both parametrizat
reported by Schwenke, Walch, and Taylor@17#.

New techniques have been developed recently for pre
ing molecules in highly excited vibrational and rotation
states@18,19#. Techniques based on photoassociation sp
troscopy typically produce vibrationally excited molecules
intermediate states@8–12#. In many experiments involving
ultracold molecules, it is the total collisional relaxation@2#
that is important. In these cases, it is sufficient to describe
collisions in terms of a complex scattering length@20#. The
imaginary part of the scattering length is proportional to
total zero-temperature quenching rate coefficient. This m
be found by solving a set of coupled-channel equations
summing all state-to-state rate coefficients that are conne
to the incoming channel. However, if it is only the total ra
coefficient that is desired, then it should be possible to mo
the interaction using a radially symmetric complex optic
potential. In the present work, we begin to address this is
1050-2947/2002/65~3!/032710~8!/$20.00 65 0327
s
s

e-
-

le

re
e

at

e
r-
-
It

e
u-
ts

l-

ns

r-
l
c-
s

e

e
y
d

ed

el
l
e

by considering a complex square-well potential. We dem
strate that many of the important features of a numerica
exact coupled-channel calculation may be qualitatively
derstood in terms of this simple model.

With the aid of the complex scattering length, a kine
model may be constructed for describing the relaxation
vibrationally or rotationally excited trapped molecules@2#.
The relaxation may be due to direct collisional quenching
to the formation and decay of van der Waals complex
When the end-over-end angular momentum of the comp
is zero and the vibrational stretching quantum number is
largest possible integer that allows the complex to be bou
it is possible to use effective range theory to compute
lifetimes for predissociation@2,21#. The numerical tests tha
confirmed the reliability of the effective range theory we
performed on He•••H2 that supported only a single boun
state. In the present work, we perform similar tests for A•

••H2 where several bound states exist.
It was previously demonstrated@21# that predissociation

of the most weakly bound state of a van der Waals comp
is influenced by the same quasiresonant vibration-rota
energy transfer that is found in atom-diatom collisions@22#.
It was also shown that the proximity of closed quasireson
channel thresholds provides a strong influence on the
times @21#. In the present work, we study the analytic stru
ture of the threshold behavior obtained using both parame
zations of the Ar-H2 potential-energy surface and investiga
whether quasiresonant dynamics has any influence on
more deeply bound states of the complex.

The paper is organized as follows: in Sec. II, we descr
a few qualitative features of the potential-energy surface
are important for our investigations. Section III provides
review of the standard close-coupling formalism that
used to obtain an extensive database of rovibrational
coefficients and predissociation lifetimes for both of the p
rametrized surfaces. In Sec. IV, we demonstrate how a c
plex square-well potential may be used to provide a qual
tive description of several of the key results that are fou
from the numerically exact coupled-channel calculatio
These results are presented in Sec. V. Conclusions to
investigation are given in Sec. VI.

II. POTENTIAL-ENERGY SURFACE

For the Ar-H2 potential-energy surface, we use both fi
reported by Schwenke, Walch, and Taylor@17#. Surface 1
©2002 The American Physical Society10-1
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reproducesab initio data but not empirical estimates of th
van der Waals well while surface 2 smoothly interpola
between theab initio data and empirical estimates of the v
der Waals well@17#. Figure 1 shows the spherically symme
ric part of the Ar1H2 interaction potential averaged over th
vibrational wave function forv51,2,3,4. The well depth for
the two potential-energy surfaces differ by about 20 cm21

but does not vary significantly withv. Figure 2 shows the
spherically symmetric part of the Ar1H2 interaction poten-
tial averaged over the vibrational wave function forv
56,8,10,12. As the diatomic vibrational energy is increas
towards dissociation, the well depth decreases and is pu
outward. Because these fits were designed to be used in

FIG. 1. Spherically symmetric part of the Ar1H2 interaction
potential averaged over the vibrational wave function forv
51,2,3,4. The well depth differs by about 20 cm21 for the two
potential-energy surfaces and does not vary significantly withv.

FIG. 2. Spherically symmetric part of the Ar1H2 interaction
potential averaged over the vibrational wave function forv
56,8,10,12. As the diatomic vibrational energy is increased towa
dissociation, the well depth decreases and is pulled outward.
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ergy transfer studies involving dissociation and recombi
tion @17#, they can be expected to model the large stretch
that is important for vibrational relaxation of highly excite
molecules.

III. CLOSE-COUPLING EQUATIONS

We have computed rate coefficients for all possible co
binations of initial vibrational and rotational level in the lim
of zero translational temperature. The computations w
performed separately for each potential-energy surface u
an exact quantum-mechanical close-coupling formulati
For the sake of completeness, we provide a brief review
the diabatic close-coupling procedure used in the pres
work. The atom-diatom Hamiltonian in the center-of-ma
frame is given by

H52
1

2m
¹ r

22
1

2m
¹R

21v~r !1VI~r ,R,u!, ~1!

wherer is the distance between the hydrogen atoms,R is the
distance between the argon atom and the center of mas
the diatom,u is the angle betweenr and R, m is the re-
duced mass of the diatom, andm is the reduced mass of th
argon atom with respect to the diatom.

The diatomic Schro¨dinger equation

F 1

2m

d2

dr2
2

j ~ j 11!

2mr2
2v~r !1ev j Gxv j~r !50 ~2!

is solved by expanding the rovibrational wave functi
xv j (r ) in a Sturmian basis set. The full wave function
expanded in a set of channel functions@n[(v j l )#,

CJM~RW ,rW !5
1

R (
n

Cn~R!fn~R̂,rW !, ~3!

fn~R̂,rW !5
1

r
xv j~r !(

mj
(
ml

~ j lJ umj ,M2ml !Ymj

j ~ r̂ !Yml

l ~R̂!,

~4!

where l is the orbital angular momentum of the atom wi
respect to the diatom,J is the total angular momentum,M is
the projection of J onto the space-fixedz axis, and
( j lJ umj ,M2ml) denotes a Clebsch-Gordon coefficient. O
erating the Hamiltonian~1! on the channel functions~3!
leads to a set of coupled equations

F d2

dR2
2

l m~ l m11!

R2
12mEmGCm~R!5(

n
Cn~R!

3^fmuUI ufn&, ~5!

where Em is the translational energy andl m is the orbital
angular momentum in themth channel. The reduced interac
tion potentialUI is expanded in Legendre polynomials,

UI~R,r ,u!52mVI~R,r ,u!5 (
l50

`

Ul~R,r !Pl~cosu! ~6!s
0-2
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COLD COLLISIONS BETWEEN ARGON ATOMS AND . . . PHYSICAL REVIEW A65 032710
and the close-coupling equations~5! are solved using the
general inelastic-scattering programMOLSCAT @23#. The
cross sections and rate coefficients are given by@24#

sv j→v8 j 85
p

2mEv j~2 j 11! (
J50

`

~2J11!

3 (
l 5uJ2 j u

uJ1 j u

(
l 85uJ2 j 8u

uJ1 j 8u

ud j j 8d l l 8dvv82Sj j 8 l l 8vv8
J u2,

~7!

Rv j→v8 j 8~T!5~8kBT/pm!1/2
1

~kBT!2E0

`

sv, j→v8, j 8~Ek!

3exp~2Ek /kBT!EkdEk , ~8!

whereT is the temperature andkB is Boltzmann’s constant
In the present paper, we are mostly interested in theT→0
limit of Eq. ~8!. This asymptotic limit provides a good ap
proximation for argon collisions with hydrogen molecul
when the temperature is reduced to a few mK. The to
quenching rate coefficientsRv j (T) are given by

Rv j~T!5 (
v8 j 8

Rv j→v8 j 8~T!. ~9!

The complex scattering lengthav j5av j2 ibv j may be de-
fined in terms of the quantities given in Eqs.~7!–~9! using
the zero-energy elastic-scattering cross section

sv, j→v, j54p~av j
2 1bv j

2 !'4pav j
2 ~10!

and

lim
T→0

Rv j~T!5
4p\bv j

m
. ~11!

To obtain the predissociation lifetimes, the close-coupl
equations are solved for energies below threshold, theS ma-
trix is diagonalized and the eigenphase sum is differentia
with respect to energy to obtain numerically exact resona
widths. The predissociation lifetime is then given bytv j ,n
5\/Gv j ,n wheren is the quantum number of the bound sta
of the van der Waals complex. The inverse of the predis
ciation lifetime of the most weakly bound state of the van d
Waals complex was found to be well approximated by@2#

tv j
215

1

2pr v j uav j u2
H F12

2av j r v j

uav j u2 G21/2

21J lim
T→0

Rv j~T!,

~12!

where r v j is the effective range for the channel potent
labeled byv and j.

IV. MODEL

In many cases, we are only interested in bulk proper
such as the total inelastic cross section or rate coefficien
03271
l

g

d
e

o-
r

l

s
In

such cases, we would like to replace the exact coup
channel formulation by an approximate optical potent
model @25,26#. We consider the partial-wave Schro¨dinger
equation

F 1

2m

d2

dR2
2

l ~ l 11!

2mR2
2V~R!1EGul~R!50, ~13!

where V(R) is a radially symmetric complex potential. I
general, the imaginary part of the complex potential wou
depend on energy@25–27#. However, because the imagina
part of the scattering length is independent of energy,
may assume the complex potential is also energy indep
dent in theT→0 limit. A simple model may be found by
considering a complex square-well potential

U~R!52mV~R!5H 2~U11 iU 2!, R,a,

0, R.a,
~14!

whereU1 andU2 are real andU2!U1. The complex phase
shift d0 is obtained in the usual way@28# by matching the
interior and exterior radial functions and their derivatives
R5a. The result is

d05np2kaS 12
tanka

ka D , ~15!

where k25k21U11 iU 2 and n is the number of bound
states supported by the potential. The complex scatte
length is

a2 ib5aS 12
tanla

la D , ~16!

where

l5AU11 iU 2'l11 il2 ~17!

with l15AU1 and l25U2/2AU1. A connection to bound
states may be made by performing a similar matching p
cedure with an exponentially decaying exterior function. F
a weakly bound state with energyE and decay widthG, the
result is

tanla

l
52F2mS E2

i

2
G D G21/2

. ~18!

Equations~16! and ~18! lead to

E5
2\2

2ma2
and G5

2\2b

ma3
, ~19!

which agree with results derived previously@20#. Matching
real and imaginary components in Eq.~16! yields
0-3



fo
ia

-
-

s
n
rg
s

th
ro

f
o

a
o

no
f

hen
of

nd-

g

ze
use

rgy
ro-
r
s-

J. C. FLASHER AND R. C. FORREY PHYSICAL REVIEW A65 032710
a5a

2
l1 tan~l1a! sech2~l2a!1l2 tanh~l2a! sec2~l1a!

~l1
21l2

2!@11tan2~l1a!tanh2~l2a!#
,

~20!

b5
l1 tanh~l2a!sec2~l1a!2l2 tan~l1a!sech2~l2a!

~l1
21l2

2!@11tan2~l1a!tanh2~l2a!#
.

~21!

Since we are interested in modeling inelastic collisions
weakly coupled systems, it is sufficient to consider potent
that satisfy the condition

l2a!cotl1a. ~22!

Equations~20! and~21! may be simplified by using the lead
ing order small-x approximations for the hyperbolic func
tions with x5l2a. The result is

a5a2
tan~l1a!

l1
, ~23!

b5
l2

l1
Fa sec2~l1a!2

tan~l1a!

l1
G . ~24!

In the following section, we show that the dimensionle
ratio b/a obtained by solving the set of coupled equatio
~5! is not very sensitive to the details of the potential-ene
surface. The complex square-well potential model provide
simple explanation for this behavior. Using Eqs.~23! and
~24!, we obtain

b

a
5

U2

2U1
@11 f ~al1!#, ~25!

where

f ~x!5
x tan2x

x2tanx
. ~26!

The function f (x) has singularities atx5(n11/2)p. These
singularities are the so-called zero-energy resonances
occur when thenth bound state is located at exactly ze
energy. Away from these singularities, it is useful to letx
5np1u with the result

f ~np1u!5
~np1u!tan2u

np1u2tanu
, uuu,p/2. ~27!

Equation ~27! is plotted in Fig. 3 forn50,1, and 2. The
figure shows thatf (np1u) is flat and near zero for most o
the allowed values ofu. Therefore, the ratio of imaginary t
real part of the scattering length@see Eq.~25!# will be ap-
proximately equal to one half the ratio of imaginary to re
part of the potential. Any linear variation in the reduced p
tential will scale out of the problem wheneveru is not too
close to the singular end points. In this case, we would
expect the ratio ofb to a to be very sensitive to the details o
03271
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the potential. However, anomalous behavior may occur w
u is near one of the end points. In particular, the right side
the interval shows that forn.0 the functionf has one addi-
tional singularity before reaching the end point correspo
ing to the zero-energy resonance. Equations~23!–~27! show
that this additional singularity occurs whena50 and b
5 1

2 U2a3. This type of singularity is found in the scatterin
data for Ar1H2 ~see following section! but not for He1H2
that supports only a single bound level. In order to analy
the end-point zero-energy resonance, it is convenient to
the result

a5
a

@~n11/2!p#2
f @~n11/2!p1e#, ~28!

b5S a

2D S U2

U1
D H f @~n11/2!p1e#

~n11/2!p J 2

, ~29!

where

f @~n11/2!p1e#5
~n11/2!p

e
, e→0. ~30!

It was found previously@21# that the ratiob/a2 is a smooth
function of the reduced mass in the vicinity of a zero-ene
resonance. The complex square-well potential model p
vides a simple explanation for this behavior. The parametee
in Eq. ~30! is proportional to the reduced mass that is a
sumed to be a continuous variable. The componentsa andb
diverge ase→0, but the ratiob/a2 remains finite and is
given by

b

a2
5

U2

U1

@~n11/2!p#2

2a
. ~31!

FIG. 3. The functionf (np1u) as a function ofu for n50,1,
and 2.
0-4
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COLD COLLISIONS BETWEEN ARGON ATOMS AND . . . PHYSICAL REVIEW A65 032710
V. RESULTS

Figure 4 shows ultracold quenching rate coefficients
Ar1H2(v, j 50). These results were obtained by solving t
close-coupling equations using surface 2. TheDv521,D j
56 transition dominates all the others forv,13. Qualita-
tively similar behavior is found for surface 1. The specific
of this transition is reminiscent of the quasiresonant tran
tions that were found in He1H2(v, j ) collisions in the limit
of zero temperature@3,5,21#. In these transitions, the zero
temperature quenching rate coefficients are greatly s
pressed at the value ofj where the classical dynamics pr
dicts there should be a maximum. The rate coefficie
however, tend to be greatly enhanced on either side of
classical peaks@3,5,21#. For H2 molecules, the classical dy
namics predicts aDv521,D j 56 peak atj 56 and aDv
521,D j 58 peak at j 54. Because theDv521,D j 58
channels are either closed or very close to being closed,
the Dv521,D j 56 transition that dominates.

Figure 5 compares the ultracold rate coefficients for
dominantDv521,D j 56 transition computed using surfac
1 with those computed using surface 2. The results differ
an order of magnitude or more for the two potential-ene
surfaces and there is a strong maximum in the rate coeffic
for surface 1 whenv512. As described in Sec. IV, the rati
of imaginary to real part of the complex scattering leng
provides a dimensionless parameter that is less sensitiv
the choice of potential-energy surface. This is shown in F
6. As expected, the two curves differ significantly nearv
512. We investigated the anomalous behavior for surfac
whenv512. Figure 7 shows the quenching rate coefficie
as a function of the reduced mass. There is a strong m
mum in the rate coefficients when the reduced mass is v
close to its true value of 1.92 amu. Therefore, the anoma
behavior is due to a zero-energy resonance that occurs w
the last bound state of the Ar1H2 complex is pushed acros
the threshold. This feature is absent in thev512, j 50

FIG. 4. Quantum-mechanical calculations of ultracold quen
ing rate coefficients for Ar1H2(v, j 50) as a function of the initial
vibrational quantum numberv. The calculations were performe
using surface 2.
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cross sections obtained using surface 2. However, we h
found similar anomalous behavior for other values ofv and
j. Generally, such features are extremely sensitive to the
details of the potential-energy surface.

The nearly exponential increase in the zero-tempera
quenching rate coefficients as a function of vibrational qu
tum number is a consequence of the energy mismatch
tween the initial and final diatomic states. In Fig. 8 we p
the dominantDv521,D j 56 transition vs the final momen
tum for the j 50 initial state. Thev51 rate coefficient is at
the far right of each curve with the higherv ’s moving left-
ward in ascending order. Because these transitions are
siresonant, the indirect coupling terms are important@21,29#
and the rate coefficients deviate from the exponen
momentum-gap dependence that is often found in vibratio
predissociation@30#. Figure 8 shows that the rate coefficien

- FIG. 5. Quantum-mechanical calculations of ultracold quen
ing rate coefficients for Ar1H2(v, j 50) as a function of the initial
vibrational quantum numberv. Both curves are for theDv5
21,D j 56 transition.

FIG. 6. Ratio ofav0 to bv0 as a function of the initial vibra-
tional quantum numberv.
0-5
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J. C. FLASHER AND R. C. FORREY PHYSICAL REVIEW A65 032710
deviate more strongly from the exponential momentum-g
behavior as the vibrational quantum number is increas
This is to be expected considering that the rate coefficie
must tend to zero as the momentum gap is closed@21#.

Rotational distributions of zero-temperature inelas
quenching rate coefficients are shown in Figs. 9 and 10
D j 524Dv transitions. The curves increase vertically wi
increasing vibrational quantum numberv starting with v
51. The gap in the center of the curves is due to the clos
of the transition. To the left of the gap, it is theDv5
21,D j 54 transition that is open, whereas to the right of t
gap, it is theDv51,D j 524 transition that is open. Thes

FIG. 7. Rate coefficients for thev512,j 50 initial state as a
function of the reduced massm. The total quenching rate coefficien
is dominated by theDv521,D j 56 contribution and has a pea
very close to the physical reduced mass of 1.92 amu. Surface 1
used for these calculations.

FIG. 8. Rate coefficients for theDv521,D j 56 transition as a
function of the final momentumkf and reduced massm. For each
curve, the low vibrational levels are at the far right and the h
vibrational levels are at the far left, and the rotational level is ze
Surface 2 was used for these calculations.
03271
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curves are similar to those reported previously for He2
@3,21#. However, because the ArH2 surfaces allow for greate
diatomic stretching, we have included the rate coefficie
for high values ofv. It is interesting to note that irregula
behavior appears in both sets of calculations, but at differ
values ofv. We believe this irregular behavior is related
the decreasing energy difference between the van der W
potential well and the diatomic energy spacings asv in-
creases. Because the potential wells are deeper for surfa
than surface 1, it is not surprising that the irregular behav

as

.

FIG. 9. Rate coefficients for theD j 524Dv transition as a
function of the initial rotational quantum numberj. The curves in-
crease vertically with increasing vibrational quantum numberv
starting withv51. The gap in the center of the curves is due to t
closing of theD j 524Dv transition. Surface 1 was used for the
calculations. Irregular behavior begins to appear whenv>12.

FIG. 10. Rate coefficients for theD j 524Dv transition as a
function of the initial rotational quantum numberj. The curves in-
crease vertically with increasing vibrational quantum numberv
starting withv51. The gap in the center of the curves is due to t
closing of theD j 524Dv transition. Surface 2 was used for the
calculations. Irregular behavior begins to appear whenv>5.
0-6
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COLD COLLISIONS BETWEEN ARGON ATOMS AND . . . PHYSICAL REVIEW A65 032710
for the surface 2 results begin at smaller values ofv com-
pared to the surface 1 results.

We studied the irregular behavior of the rate coefficie
for the v55,j 51 level calculated using surface 2~see Fig.
10!. The real and imaginary components of the complex s
tering length are plotted in Fig. 11 as a function of the
duced mass. The imaginary partb5,1 has been multiplied by
a factor of 1000 in order to be seen on the same gra
Figure 11 shows that the value ofa5,1 passes through zero i
the vicinity of the physical reduced mass of 1.92 amu.
described in Sec. IV, this behavior can only occur for s
tems that have at least one bound state in addition to the
corresponding to the zero-energy resonance. Whenm is
tuned to the zero-energy resonance, the values ofa5,1 and
b5,1 show behavior similar to Eqs.~28! and~29! derived for
a complex square-well potential. It is interesting to note t
the zero-temperature rate coefficients for He1H2 @21# did
not show the kind of irregular behavior seen here because
He•••H2 van der Waals complex only supported one bou
state for each rovibrational level. When the reduced m
was varied in order to move this bound state into a ze
energy resonance@21#, then the system behaved similar
then50 curve shown in Fig. 3 and it was not possible fora
to pass through zero.

Recent calculations@21# used effective range theory t
study the effect of quasiresonant dynamics on the predi
ciation of the most weakly bound states of van der Wa
molecules. The distribution of predissociation lifetimes w
initial diatomic rotational quantum number revealed intere
ing structure that was interpreted using classical dynam
Figure 12 shows a similar distribution for Ar1H2(v, j ) for
j ,10. These results were obtained for the highest vibratio
level of the l 50 van der Waals complex using the eige
phase sum method@2#. The similarity between these distr
butions supports the reliability of the effective range theo

FIG. 11. Real and imaginary components of the complex s
tering length forv55,j 51 as a function of the reduced mass. S
face 2 was used for these calculations. The value ofa5,1 varies
between 5 and2` in the vicinity of the physical reduced mass
1.92 amu. The value ofb5,1 has been multiplied by a factor of 100
in order to be seen on the same graph.
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for the most weakly bound state. Figure 13 shows that
rotational distribution for less weakly bound states of t
complex also possess the same qualitative structure.
suggests that classical dynamics is playing a role for th
states as well.

VI. CONCLUSIONS

We have investigated cold collisions using two differe
parametrizations of the electronic potential-energy surf
for argon atoms interacting with hydrogen molecules@17#.
By comparing the results of these two sets of calculatio
we estimate that our scattering data is reliable to within
order of magnitude when there is no anomalous thresh
behavior. The ratio of real to imaginary part of the scatter
length is not as sensitive to the potential energy surface
is typically reliable to within a factor of 2. Because surface

t-
FIG. 12. Predissociation lifetime of the most weakly bound st

of the Ar•••H2(v, j ) complex forv52 as a function ofj. The solid
curve was computed using surface 1 and the dotted curve was
puted using surface 2.

FIG. 13. Predissociation lifetime of the second most wea
bound state of the Ar•••H2(v, j ) complex forv52 as a function of
j. The solid curve was computed using surface 1 and the do
curve was computed using surface 2.
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does a better job of reproducing the van der Waals well@17#,
we believe the results obtained using surface 2 are prob
more reliable than those obtained using surface 1.

We have shown that a simple complex square-well pot
tial model is very useful for interpreting the results of com
plicated coupled-channel calculations. For weakly coup
systems, the ratio of real to imaginary part of the scatter
length is typically equal to twice the ratio of real to imag
nary part of the square-well potential when there is
anomalous threshold behavior present. The radius of
square-well potential may be used as an additional fitt
parameter for cases where anomalous threshold behavio
ists.

Both sets of scattering data reveal resonant and quasir
nant behavior. As expected, the resonances are very sen
to the details of the surface, so predictions of the reson
parameters are not quantitatively reliable. However,
ev
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nd
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qualitative features of the resonant and quasiresonant be
ior are similar for both sets of scattering data. Therefore,
would expect that new data obtained from trapped molec
experiments could be readily used to select and fine tune
potential-energy surface.
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