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Cold collisions between argon atoms and hydrogen molecules
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Collisions betweenargon atoms and hydrogen moleculesare investigatedat very low temperatures.
Quantum-mechanicatalculationsare performedusing two different potential-enayy surfaces.Rate coeffi-
cientsfor all possiblecombinationsof initial vibrationalandrotationallevel havebeencomputedin the limit
of zerotemperatureResonantind quasiresonantbehavioris found using both potential-enegy surfacesThe
resultsareinterpretedand estimatesare madeof the reliability of the calculations.
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I. INTRODUCTION

In a seriesof recentpaperd1-5], variousaspect®f rovi-
brationalenegy transferin ultracold atom-diatomcollisions
were explored.Motivated by experimentaimethodssuchas
helium buffer gas cooling [6] and helium clusterisolation
spectroscopy7], the theoreticalstudieseachassumed he-
lium atom collision partner The helium experiments,to-
getherwith othercoolingandtrappingscheme$8—-16], have
openedup a newtemperatureegimeto studyatom-molecule
dynamics.Most of the current experimentsinvolving cold
moleculesinvolve atomsthat are heavierand interactmore
stronglythan helium. Therefore,it is desirableto extendthe
investigations[1-5] to include atomsthat are heavierand
allow adeepewanderWaalspotentialwell thansystemghat
containhelium atoms.

It is also generallydesirableto provide estimatesof the
accuracyof the calculations.Becausepotential-enagy sur
facesare not designedfor ultracoldtemperaturesi is diffi-
cult to estimatethe accuracyof resultsthat employ them. It
was shown [1] that the crosssectionfor exothemicvibra-
tional relaxationin ultracold He-H, collisions decreasedy
severalordersof magnitudewhenthe long-rangepart of the
potentialwasneglectedMore realisticestimatef the accu-
racy of the scatteringresultsmay be madewhenthereexists
more than one reliable parametrizationof the potential-
enegy surfacefor a givensystem.Suchis the casefor Ar-H,
wherewe have employedthe use of both parametrizations
reportedby SchwenkeWalch, and Taylor [17].

New techniqueshavebeendevelopedecentlyfor prepar
ing moleculesin highly excited vibrational and rotational
states[18,19. Techniquesbasedon photoassociatiorspec-
troscopytypically producevibrationally excitedmoleculesas
intermediatestates[8—12]. In many experimentsinvolving
ultracold moleculesi,it is the total collisional relaxation[2]
thatis important.In thesecasesit is sufficientto describethe
collisionsin termsof a complexscatteringlength[20]. The
imaginarypart of the scatteringengthis proportionalto the
total zero-temperaturguenchingrate coefficient. This may
be found by solving a setof coupled-channetquationsand
summingall state-to-stateatecoefficientsthatareconnected
to theincomingchannel.However if it is only the total rate
coefficientthatis desiredthenit shouldbe possibleto model
the interactionusing a radially symmetriccomplex optical
potential.In the presenwork, we beginto addresghis issue
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by consideringa complexsquare-wellpotential. We demon-
stratethat many of the importantfeaturesof a numerically
exactcoupled-channetalculationmay be qualitatively un-
derstoodin termsof this simple model.

With the aid of the complex scatteringlength, a kinetic
model may be constructedfor describingthe relaxation of
vibrationally or rotationally excited trappedmolecules[2].
The relaxationmay be dueto direct collisional quenchingor
to the formation and decay of van der Waals complexes.
When the end-overend angularmomentumof the complex
is zeroandthe vibrational stretchingguantumnumberis the
largestpossibleintegerthat allows the complexto be bound,
it is possibleto use effective rangetheory to computethe
lifetimes for predissociatiori2,21]. The numericalteststhat
confirmedthe reliability of the effective rangetheory were
performedon He- - - H, that supportedonly a single bound
state.In the presentwork, we perform similar testsfor Ar-

- -H, whereseveralboundstatesexist.

It was previously demonstrated21] that predissociation
of the mostweakly boundstateof a van der Waalscomplex
is influencedby the same quasiresonanvibration-rotation
enepy transferthatis found in atom-diatomcollisions[22].
It wasalsoshownthatthe proximity of closedquasiresonant
channelthresholdsprovidesa stronginfluenceon the life-
times[21]. In the presentwork, we studythe analytic struc-
ture of the thresholdbehaviorobtainedusingboth parametri-
zationsof the Ar-H, potential-enagy surfaceandinvestigate
whether quasiresonantlynamicshas any influence on the
more deeplyboundstatesof the complex.

The paperis organizedasfollows: in Sec.ll, we describe
a few qualitativefeaturesof the potential-enagy surfacethat
are importantfor our investigations.Sectionlll providesa
review of the standardclose-couplingformalism that we
usedto obtain an extensivedatabaseof rovibrational rate
coefficientsand predissociatiorifetimes for both of the pa-
rametrizedsurfacesIn Sec.IV, we demonstratéow a com-
plex square-wellpotentialmay be usedto provide a qualita-
tive descriptionof severalof the key resultsthat are found
from the numerically exact coupled-channekalculations.
Theseresults are presentedn Sec.V. Conclusionsto our
investigationaregivenin Sec.VI.

II. POTENTIAL-ENERGY SURFACE

For the Ar-H, potential-enayy surface,we use both fits
reportedby Schwenke Walch, and Taylor [17]. Surfacel

©2002 The AmericanPhysicalSociety
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FIG. 1. Sphericallysymmetricpart of the Ar+H, interaction
potential averagedover the vibrational wave function for v
=1,2,3,4.The well depth differs by about20 cm™?! for the two
potential-enagy surfacesand doesnot vary significantlywith v.

reproducesab initio databut not empirical estimatesof the
van der Waals well while surface2 smoothly interpolates
betweerntheab initio dataandempiricalestimatef thevan
derWaalswell [17]. Figure1 showsthe sphericallysymmet-
ric partof the Ar+H, interactionpotentialaveragedverthe
vibrationalwavefunction for v=1,2,3,4.The well depthfor
the two potential-enagy surfacesdiffer by about20 cm™ !
but doesnot vary significantly with v. Figure 2 showsthe
sphericallysymmetricpart of the Ar+H, interactionpoten-
tial averagedover the vibrational wave function for v
=6,8,10,12 As the diatomicvibrational enegy is increased
towardsdissociation the well depthdecreaseandis pulled
outward.Becausehesefits were designedo be usedin en-
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FIG. 2. Spherically symmetricpart of the Ar+H, interaction
potential averagedover the vibrational wave function for v
=6,8,10,12As thediatomicvibrationalenepy is increasedowards
dissociationthe well depthdecreaseandis pulled outward.
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ergy transferstudiesinvolving dissociationand recombina-
tion [17], they canbe expectedo modelthe large stretching
thatis importantfor vibrational relaxationof highly excited
molecules.

I11. CLOSE-COUPLING EQUATIONS

We havecomputedrate coefficientsfor all possiblecom-
binationsof initial vibrationalandrotationallevelin thelimit
of zero translationaltemperature.The computationswere
performedseparatelyffor eachpotential-enagy surfaceusing
an exact quantum-mechanicatlose-couplingformulation.
For the sakeof completenessye provide a brief review of
the diabatic close-couplingprocedureusedin the present
work. The atom-diatomHamiltonian in the centerof-mass
frameis given by

H= 1V2 1V2+ +Vy(r,R,6 1

= 2m F 2/1, R U(r) I(r1 ’ )a ( )

wherer is the distancebetweenhe hydrogenatoms R is the

distancebetweenthe argon atom and the centerof massof

the diatom, 6 is the anglebetweenr andR, m is the re-

ducedmassof the diatom,and u is the reducedmassof the
argon atomwith respecto the diatom.
The diatomic Schralinger equation

5o o vt e x(r=0 (2

is solved by expandingthe rovibrational wave function
Xpj(r) in a Sturmianbasisset. The full wave function is
expandedn a setof channelfunctions[n=(vjl)],

- - 1 -
PMRN=5 2 CaRIGu(RD), (3)

L. 1 . A
Ea(RF)= Txo(N 2 2 (13 M=) Y], (F) Y (R,
mj ny
(4

wherel is the orbital angularmomentumof the atom with
respecto the diatom,d is the total angularmomentumM is
the projection of J onto the space-fixedz axis, and
(j13|m; ,M — ) denotesa Clebsch-Gordormoefficient.Op-
erating the Hamiltonian (1) on the channelfunctions (3)
leadsto a setof coupledequations

d_2 Ma(lmt 1)
dR? R?
X( Ut bn), (5)

where E,, is the translationalenegy and!,, is the orbital
angularmomentumin the mth channel.The reducednterac-
tion potentialU, is expandedn Legendrepolynomials,

+2uEn,|Cu(R)=2, Cy(R)

U,(R,r,0)=2ﬂV|(R,r,0)=§0 U,(R,r)P,(cos6) (6)
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and the close-couplingequations(5) are solved using the
general inelastic-scatteringprogram MOLSCAT [23]. The
crosssectionsandrate coefficientsare given by [24]

(ij*,vrjr E (2J+1)

" 2uE, (2J+1
|9+ \Jﬂ\
; | 5”’ vv’ S;jrnr,wr|2’

ity = \J il
(7)

Rvjav’j’(T):(8kBT/7T/1‘)1/2(kBT)2fo Ty jo j (Ex)

X exp(— Ex /kgT)E(dE,, 8

whereT is the temperatureandkg is Boltzmanns constant.
In the presentpaper we are mostly interestedin the T—0

limit of Eq. (8). This asymptoticlimit providesa good ap-
proximation for argon collisions with hydrogenmolecules
when the temperatureis reducedto a few mK. The total

quenchingrate coefficientsR,;(T) aregivenby

R,(T)=2 Ry, (T). 9)
v!j!

The complex scatteringlength a, ;= «,;—i8,; may be de-
fined in termsof the quantitiesgiven in Egs. (7)—(9) using
the zero-enegy elastic-scatteringrosssection

O'U’j-_,v'j:47T(a5!‘-+133j)"§54’ﬁa5} (10
and
47hB,;
lim R,;(T)= i. (12)
T—0

To obtain the predissociationlifetimes, the close-coupling
equationsare solvedfor enegiesbelowthreshold the $ ma-
trix is diagonalizedandthe eigenphassumis differentiated
with respecto enegy to obtainnumericallyexactresonance
widths. The predissociatiorlifetime is then given by 7,;
=#h/T',; , wheren is the quantumnumberof the boundstate
of the van der Waalscomplex.The inverseof the predisso-
ciationlifetime of the mostweakly boundstateof thevander
Waalscomplexwasfound to be well approximatecdy [2]

1 1
Tl)j —2 - 12 1-
’rrrvj|avj|

where r,; is the effective range for the channelpotential
labeledby v andj.

Zan-P,)j-

1/2
—1] lim Ry;(T),
T—0
(12

|avj|2

IV. MODEL

In many caseswe are only interestedin bulk properties
suchasthetotal inelasticcrosssectionor rate coefficient.Iln
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such cases,we would like to replacethe exact coupled-
channel formulation by an approximateoptical potential
model [25,26. We considerthe partial-wave Schralinger
equation

1 d*> I1(+1)

——————-V(R)+E|u(R)=0, (13

where V(R) is a radially symmetriccomplex potential. In

general,the imaginary part of the complexpotentialwould

dependon enegy [25-27]. However becausahe imaginary
part of the scatteringlength is independenbf enegy, we
may assumethe complex potentialis also enegy indepen-
dentin the T—0 limit. A simple model may be found by

consideringa complexsquare-wellpotential

0, R>a, (14

U(R)ZZMV(R)Z[

whereU; andU, arerealandU,<U;. The complexphase
shift &, is obtainedin the usualway [28] by matchingthe
interior and exterior radial functionsandtheir derivativesat
R=a. Theresultis

tanka
Ka

So=nm—ka| 1—

; (15

where k>=k?+U,;+iU, and n is the number of bound
statessupportedby the potential. The complex scattering
lengthis

is—al 1 tan\a 16
a—if=a Na |’ (16)

where
AN=\JU;+iUy,~N{+iNy (17)

with A;=U; and A\,=U,/2\/U;. A connectionto bound
statesmay be madeby performinga similar matchingpro-
cedurewith an exponentiallydecayingexteriorfunction. For
a weakly boundstatewith enegy E anddecaywidth I, the

resultis
tan\a £ i . -1 18
N~ |2 E-3 - (18)
Equations(16) and (18) leadto
—h? 2h°B
E= and I'= , (19
2ua? wad

which agreewith resultsderived previously[20]. Matching
real andimaginarycomponentsn Eq. (16) yields
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a=a

_ \tan(\,a) sec(\,a)+ \,tanh(\,a) se@(\;a)
(N2+22)[1+tarf(\ja)tant(\,a)]

(20

_ Agtanhha)seé(\ja) — \; tan(\ja)sechi()a)
- (N2+22)[1+tarf(\,a)tant(\,a)]

(21)

Sincewe are interestedin modelinginelastic collisions for
weakly coupledsystemsit is sufficientto considermpotentials
that satisfy the condition

\,a<<cot\a. (22

Equationg20) and(21) may be simplified by usingthe lead-
ing order smallx approximationsfor the hyperbolic func-
tions with x=N,a. Theresultis

QZH_M, (23)
A
B:B ase@()\la)_m _ (24)
Ny Ny

In the following section,we show that the dimensionless
ratio B/« obtainedby solving the set of coupledequations
(5) is not very sensitiveto the detailsof the potential-enagy
surface.The complexsquare-welpotentialmodelprovidesa
simple explanationfor this behavior Using Egs. (23) and
(24), we obtain

B U,
EZZ_LJ1[1+f(a)\1)]’ (25
where
X tarfx
Fx)= X—tanx’ (26

The function f(x) hassingularitiesat x=(n+ 1/2)7. These
singularitiesare the so-calledzero-enegy resonanceghat
occur when the nth bound stateis locatedat exactly zero
enegy. Away from thesesingularities,it is useful to let x
=n+ 6 with the result

_ (nm+o)tarty

f(nm+ 0)—m, | 6| < /2.

(27

Equation (27) is plotted in Fig. 3 for n=0,1, and 2. The
figure showsthat f(nw+ 6) is flat andnearzerofor mostof
the allowedvaluesof 6. Therefore the ratio of imaginaryto
real part of the scatteringlength[seeEq. (25)] will be ap-
proximatelyequalto one half the ratio of imaginaryto real
part of the potential.Any linear variationin the reducedpo-
tential will scaleout of the problemwheneverd is not too
closeto the singularend points. In this case,we would not
expecttheratio of B to « to bevery sensitiveto the detailsof
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FIG. 3. The function f(n7+ 6) as a function of # for n=0,1,
and2.

the potential.However anomaloudehaviormay occurwhen
¢ is nearoneof the endpoints.In particular the right sideof
the interval showsthatfor n>0 the function f hasone addi-
tional singularity beforereachingthe end point correspond-
ing to the zero-enagy resonanceEquations(23)—(27) show
that this additional singularity occurs when «=0 and g
=1U,a3. This type of singularityis found in the scattering
datafor Ar+H, (seefollowing section) but not for He+H,
that supportsonly a single boundlevel. In orderto analyze
the end-pointzero-enggy resonanceit is convenientto use
the result

a= m fl(n+1/2) 7+ €], (29
_[a U\ [fI(n+1/2) 7+ €] 2
2 U_l)[ (n+1/12)w } (29
where
(n+1/2) 7
flln+1/2)7+e]=—, €—0. (30

€

It wasfound previously[21] thatthe ratio 8/ a2 is a smooth
function of the reducedmassin thevicinity of a zero-enegy
resonanceThe complex square-wellpotential model pro-
videsa simpleexplanatiorfor this behavior The parametee
in Eqg. (30) is proportionalto the reducedmassthat is as-
sumedto be a continuousvariable.The componentsr and g
diverge as e—0, but the ratio g/a? remainsfinite and is
given by

[(n+1/2)7]?
2a '

B U
o2

<
RN ENY
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FIG. 4. Quantum-mechanicatalculationsof ultracold quench-
ing rate coefficientsfor Ar+H,(v,j=0) asa function of theinitial
vibrational quantumnumberv. The calculationswere performed
usingsurface2.

V. RESULTS

Figure 4 showsultracold quenchingrate coefficientsfor
Ar+H,(v,j=0). Theseresultswere obtainedby solving the
close-couplingequationsusing surface2. The Av=—1Aj
=6 transition dominatesall the othersfor v <13. Qualita-
tively similar behavioris found for surfacel. The specificity
of this transitionis reminiscentof the quasiresonantransi-
tions that werefound in He+H,(v,j) collisionsin the limit
of zerotemperaturd3,5,21. In thesetransitions,the zero-
temperaturequenching rate coefficients are greatly sup-
pressedat the value of j wherethe classicaldynamicspre-
dicts there should be a maximum. The rate coefficients,
however tend to be greatly enhancedn either side of the
classicalpeaks[3,5,21]. For H, moleculesthe classicaldy-
namicspredictsa Av=—1Aj=6 peakat j=6 anda Av
=—1Aj=8 peak at j=4. Becausethe Av=—1Aj=8
channelsareeitherclosedor very closeto beingclosed,it is
the Av=—1,Aj=6 transitionthat dominates.

Figure 5 compareghe ultracold rate coefficientsfor the
dominantAv =—1,Aj=6 transitioncomputedusingsurface
1 with thosecomputedusing surface2. The resultsdiffer by
an order of magnitudeor morefor the two potential-enegy
surfacesandthereis a strongmaximumin theratecoefficient
for surfacel whenv =12. As describedn Sec.lV, the ratio
of imaginaryto real part of the complex scatteringlength
providesa dimensionlesgparametetthat is less sensitiveto
the choiceof potential-enayy surface.This is shownin Fig.
6. As expected,the two curvesdiffer significantly nearv
=12. We investigatedhe anomaloushehaviorfor surfacel
whenv =12. Figure 7 showsthe quenchingrate coefficients
as a function of the reducedmass.Thereis a strong maxi-
mum in the rate coefficientswhenthe reducedmassis very
closeto its true valueof 1.92amu.Therefore theanomalous
behavioris dueto a zero-enegy resonancéhat occurswhen
the last boundstateof the Ar+H, complexis pushedacross
the threshold.This featureis absentin the v=12, j=0
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FIG. 5. Quantum-mechanicatalculationsof ultracold quench-
ing rate coefficientsfor Ar+H,(v,j=0) asa function of the initial
vibrational quantum number v. Both curves are for the Av=
—1,Aj=6 transition.

crosssectionsobtainedusing surface2. However we have
found similar anomalousbehaviorfor othervaluesof v and
j- Generally suchfeaturesare extremelysensitiveto the fine
detailsof the potential-enagy surface.

The nearly exponentialincreasein the zero-temperature
quenchingatecoefficientsasa function of vibrationalquan-
tum numberis a consequencef the enegy mismatchbe-
tweenthe initial andfinal diatomic states.In Fig. 8 we plot
thedominantAv = —1,Aj=6 transitionvs thefinal momen-
tum for the j=0 initial state.Thev =1 rate coefficientis at
the far right of eachcurvewith the higherv’s moving left-
ward in ascendingorder Becausethesetransitionsare qua-
siresonantthe indirect couplingtermsareimportant[21,29
and the rate coefficients deviate from the exponential
momentum-gaplependencéhatis oftenfoundin vibrational
predissociatioh30]. Figure8 showsthatthe ratecoefficients
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FIG. 6. Ratio of «,q to B,¢ as a function of the initial vibra-
tional quantumnumberv.

032710-5



J.C. FLASHERAND R. C. FORREY

107 .

—10

10

e
o

L
~

e
o

Rate Coefficient (cm®s™)
=

FIG. 7. Rate coefficientsfor the v=12j=0 initial stateasa
functionof thereducedmassu. Thetotal quenchingatecoefficient
is dominatedby the Av=—-1,Aj=6 contributionand hasa peak
very closeto the physicalreducedmassof 1.92amu.Surfacel was
usedfor thesecalculations.

deviatemore strongly from the exponentialmomentum-gap
behavior as the vibrational quantumnumberis increased.
This is to be expectedconsideringthat the rate coefficients
musttendto zeroasthe momentumgapis closed[21].
Rotational distributions of zero-temperatureinelastic
quenchingrate coefficientsare shownin Figs. 9 and 10 for
Aj=—4Av transitions.The curvesincreasevertically with
increasingvibrational quantumnumberv starting with v
=1. Thegapin the centerof the curvesis dueto the closing
of the transition. To the left of the gap, it is the Av=
—1,Aj=4 transitionthatis open,whereago theright of the
gap,it is the Av=1Aj= —4 transitionthat is open.These
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FIG. 8. Ratecoefficientsfor the Av=—1Aj=6 transitionasa
function of the final momentumk; andreducedmassu. For each
curve, the low vibrational levels are at the far right and the high
vibrationallevelsareat the far left, andthe rotationallevel is zero.
Surface2 was usedfor thesecalculations.
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FIG. 9. Rate coefficientsfor the Aj=—4Av transition as a
function of the initial rotationalquantumnumberj. The curvesin-
creasevertically with increasingvibrational quantum number v
startingwith v =1. The gapin the centerof the curvesis dueto the
closingof the Aj=—4Av transition.Surfacel wasusedfor these
calculations Irregularbehaviorbeginsto appeawhenuv=12.

curves are similar to those reported previously for HeH,
[3,21]. However becausehe ArH, surfacesallow for greater
diatomic stretching,we have included the rate coefficients
for high valuesof v. It is interestingto note that irregular
behaviorappearsn both setsof calculationsput at different
valuesof v. We believethis irregular behavioris relatedto
the decreasingnepy differencebetweenthe van der Waals
potential well and the diatomic enegy spacingsas v in-
creasesBecausédhe potentialwells aredeeperfor surface2
thansurfacel, it is not surprisingthatthe irregularbehavior
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FIG. 10. Rate coefficientsfor the Aj=—4Av transitionas a
function of the initial rotationalquantumnumberj. The curvesin-
creasevertically with increasingvibrational quantum number v
startingwith v =1. The gapin the centerof the curvesis dueto the
closingof the Aj=—4Av transition.Surface2 was usedfor these
calculationsIrregularbehaviorbeginsto appeawhenv=5.
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FIG. 11. Realandimaginarycomponentof the complexscat-
teringlengthfor v=5j=1 as a function of the reducedmass.Sur
face 2 was usedfor thesecalculations.The value of a5, varies
betweens and —« in the vicinity of the physicalreducedmassof
1.92amu.Thevalueof Bs5 ; hasbeenmultiplied by a factorof 1000
in orderto be seenon the samegraph.

for the surface?2 resultsbegin at smallervaluesof v com-
paredto the surfacel results.

We studiedthe irregular behaviorof the rate coefficient
for thev=5,j=1 level calculatedusing surface2 (seeFig.
10). Therealandimaginarycomponent®f the complexscat-
tering length are plotted in Fig. 11 as a function of the re-
ducedmass.The imaginarypart 85 ; hasbeenmultiplied by
a factor of 1000 in order to be seenon the samegraph.
Figure 11 showsthatthe valueof a5, passeshroughzeroin
the vicinity of the physicalreducedmassof 1.92 amu. As
describedin Sec.1V, this behaviorcan only occur for sys-
temsthathaveat leastoneboundstatein additionto the state
correspondingto the zero-enegy resonanceWhen u is
tunedto the zero-enegy resonancethe valuesof a5, and
Bs.1 showbehaviorsimilar to Egs.(28) and(29) derivedfor
a complexsquare-welpotential.lt is interestingto note that
the zero-temperatureate coefficientsfor He+H, [21] did
notshowthekind of irregularbehaviorseenherebecausehe
He: - - H, van der Waalscomplexonly supportedone bound
statefor eachrovibrational level. When the reducedmass
was varied in order to move this bound stateinto a zero-
enepgy resonancd21], then the systembehavedsimilar to
then=0 curveshownin Fig. 3 andit wasnot possiblefor «
to passthroughzero.

Recentcalculations[21] used effective range theory to
study the effect of quasiresonandynamicson the predisso-
ciation of the most weakly bound statesof van der Waals
molecules.The distribution of predissociatiorifetimes with
initial diatomicrotationalquantumnumberrevealednterest-
ing structurethat was interpretedusing classicaldynamics.
Figure 12 showsa similar distribution for Ar+H,(v,j) for
Jj<10.Theseresultswereobtainedfor the highestvibrational
level of the =0 van der Waals complex using the eigen-
phasesum method[2]. The similarity betweenthesedistri-
butionssupportsthe reliability of the effective rangetheory
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FIG. 12. Predissociatiotifetime of the mostweaklyboundstate
of theAr- - -H,(v,j) complexfor v =2 as afunctionof j. Thesolid
curvewascomputedusingsurfacel andthe dottedcurvewascom-
putedusing surface?2.

for the most weakly bound state.Figure 13 showsthat the
rotational distribution for less weakly bound statesof the
complex also possesshe same qualitative structure. This
suggestdhat classicaldynamicsis playing a role for these
statesaswell.

VI. CONCLUSIONS

We haveinvestigatedcold collisions using two different
parametrizationf the electronic potential-enayy surface
for agon atomsinteractingwith hydrogenmolecules[17].
By comparingthe resultsof thesetwo setsof calculations,
we estimatethat our scatteringdatais reliable to within an
order of magnitudewhen thereis no anomalousthreshold
behavior Theratio of realto imaginarypartof the scattering
lengthis not as sensitiveto the potentialenegy surfaceand
is typically reliableto within afactor of 2. Becausesurface2

surface 1
............ surface 2

T, (sec)

FIG. 13. Predissociatioriifetime of the secondmost weakly
boundstateof the Ar- - - Hy(v,j) complexfor v =2 as afunction of
j- The solid curve was computedusing surfacel and the dotted
curve was computedusing surface2.
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doesa betterjob of reproducinghe vanderWaalswell [17],
we believethe resultsobtainedusing surface2 are probably
morereliable thanthoseobtainedusing surfacel.

We haveshownthata simplecomplexsquare-welpoten-
tial modelis very usefulfor interpretingthe resultsof com-
plicated coupled-channetalculations.For weakly coupled
systemsthe ratio of real to imaginarypart of the scattering
lengthis typically equalto twice the ratio of real to imagi-
nary part of the square-well potential when there is no
anomalousthreshold behavior present. The radius of the
square-wellpotential may be used as an additional fitting
parametefor casesvhereanomaloughresholdbehaviorex-
ists.

Both setsof scatteringdatarevealresonantndquasireso-
nantbehaviorAs expectedthe resonancearevery sensitive
to the details of the surface,so predictionsof the resonant
parametersare not quantitatively reliable. However the

PHYSICAL REVIEW A 65 032710

qualitativefeaturesof the resonantand quasiresonarehav-
ior aresimilar for both setsof scatteringdata.Therefore we
would expectthat new dataobtainedfrom trappedmolecule
experimentould be readily usedto selectandfine tunethe
potential-enagy surface.
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