Linewidths and shifts of very low temperature CO in He: A challenge
for theory or experiment?
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The pressure broadening and shifting coefficients for pure rotational transitions of CO in a He bath
gas at very low temperatures are calculated from the best available potential energy surfaces, and
compared with very recent measurements by M. M. Beaky, T. M. Goyette, and F. C. De[llucia
Chem. Phys105 3994(1996]. The results obtained for two recent empirical potentials determined
from fits to Van der Waals spectra, and for a recent high quality puablynitio surface, are
consistent with one another. The best of the spectroscopic potentials also yields good agreement
with high temperature virial coefficients and transport properties. Predictions from all three of these
potentials agree with linebroadening and shifting measurements at temperatures-a0oke but

are in substantial disagreement with the measurements at temperatures below 4 K. At present, the
source of this discrepancy is not known. 96 American Institute of Physics.
[S0021-960606)00934-9

I. INTRODUCTION other surface could be devised which is able to model all of
the experimental data.

. In recent.years, the broader_m_wg anq shifting of pure ro- The above argument presumes that the experimental ob-
tational transitions of CO by collisions with He has attracted : : .
servables in question can be calculated unambiguously from

nsiderable experimental and theoretical iohnter- . . . .
considerable experimental and theoretical attertidinte a given potential surface. Without a reliable and accurate

est in this system arose partly because of the practical im-onnection between a potential surface and a given observ-
portance of its low temperature inelastic cross sections iy P 9

interpreting astronomical data, and partly because it has b&ble’ itis not meaningful to use those experimental data as a

come a popular test case regarding our ability to determinée;t forhthg surfac.e, nfor is |:] possible to extract |-nf01m.at|onf
accurate anisotropic potential energy surfaces for héawy =~ & out the interaction from the measurements. Simulation o

nonhydride rotor systems. In the latter regard, puzzling the_ discr_ete_ir_1frared spectra involves_ ca_lculation of the prop-
questions have recently been raised by apparent contradi@—r.t'es of individual quantum states Iymg mthel potent|_al well,
tory conclusions regarding the nature of the potential energ{ithout any of the layers of averaging associated with scat-
surface for He—CO. In particular, the long-accepaédnitio ering or bulk property measurements. T_he cglculatlon of_the
He—CO surface of Thomas, Kraemer, and DierRsepm-  equisite level energies a_nd wave functions in turn requires
pletely fails to account for the observed discrete infraredne solution of the full Schringer equation for nuclear mo-
spectra of the Van der Waals bimérbyt yields predictions tion of the system. However, the bound rotation—vibration
in partial agreement with low temperature CO line broaden&nergy levels and wave functions of most atom—diatom sys-
ing cross section¥®® In contrast, potentials which accu- t€ms can be determined essentially “exactlyt to arbitrary
rately represent the discrete infrared spectra of the Van ddiecision by any of a number of methodS;* without the
Waals molecule seriously overestimate the published expereed to impose simplifying approximations. Thus, the simu-
mental line broadening cross sectiéns. lation of the infrared data is not the source of the problem.
Conventional wisdom would tend to blame such discrep- ~ The situation is less clear for the calculation of spectral
ancies on inadequacies of the potential energy surfaces uséile shape parameters, especially at cryogenic temperatures.
In particular, since the very low temperature line broadening-or the case of an electric-dipole spectrum in the weak ra-
measurements and the Van der Waals spectra are both diluteiation field limit, the spectral line shape is related to the
gas properties primarily sensitive to the interaction minima,Fourier transform of thébulk gas system dipole moment
it seems reasonable to expect that a “true” Born—function. This is a many-body problem involving all of the
Oppenheimer potential surface for the He—CO system mustpecies in the bulk, and it is necessary to impose a hierarchy
account for both phenomena. It might, therefore, be naturabf approximations in order to render the line shape calcula-
to conclude that none of the surfaces investigated providestion tractable(see, e.g., the review by Gréén First, the
realistic approximation to the true interaction, and that somenany-body problem is simplified to the case of a process
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involving a single chromophore species in a bath of perturbexplain certain other experimental properties of this system
ing molecules. To arrive at the Shafer—Gortfoformalism  have been based on making small adjustments to portions of
used to obtain pressure broadening cross sections, the praitre TKD surface. In particular, Dilling show&dthat elastic
lem is further reduced to one involving only binary collisions and inelastic differential scattering cross sections would be
between the absorber and a single perturber, thus allowingell reproduced if the first three Legendre radial strength
the use of computationally accessible binary collisebma-  functions of the potential expansion
trix elements. This second step is accomplished by invoking
the impact approximatiol, which assumes that collisions
are short in duration when compared to the time between VTKD(F’G):EO V(r)Py(cos 6) @)
collisions. Note, however, that the approximations intro-
duced in this procedure are in the kinetic theory part of theyere shifted to larger distances by 1.0%, 1.0%, and 1.5%,
derivation, and not in the scattering calculations, which argespectively(here,r is the distance from the CO center of
essentially exact. mass to the He atom arfiithe angle between that axis and
In view of this situation, Ref. 8 proposed that the dis-the CO bond, with¥=0 corresponding to the collinear align-
crepancy regarding the potentials required to explain the linghent O-C—Hg. More recently, Gianturc@t al?® showed
broadening and the discrete infrared spectra may actually b@at equivalent agreement with the scattering data and better
due to a breakdown of conventional line broadening theoragreement with various transport properties could be ob-
at the very low temperaturés.7—4.4 K associated with the  tained if the isotropi¢\ =0) part of Vyp was shifted 0.75%
available line broadening measuremetftdn an effort to  to smallerdistances and the remaining radial strength func-
resolve this question, Sec. Il summarizes the properties of ons left unchanged. In both of these modified surfaces,
number of the recently proposed potentials for this systemsowever, the strength scaling parameters of the various an-
and critically compares their abilities to explain a variety of jsotropy strength functions were unchanged, and recent
experimental data. Section Il then reports extensive lineanalyses of the discrete infrared spectra of the weakly bound
broadening and shifting calculations performed for four ofHe—CO bimers shows that the associated potential well be-
these potential energy surfaces, and compares their predigavior is substantially incorref*
tions with new very low temperature measurements of Beaky |n recent years knowledge about intermolecular forces
et al?° These results are then discussed and our conclusiongas been extracted from a diverse set of experimental mea-

presented in Sec. IV. surements, including spectroscopic data, elastic and inelastic
scattering cross sections, nonideal gas behavior, and a vari-
II. POTENTIAL ENERGY SURFACES FOR He-CO ety of bulk gas transport properti&sOf these properties, the

discrete infrared spectra for weakly bound Van der Waals
complexes are generally accepted as the best single source of
Over the years, interest in the He—CO system has motinformation regarding the anisotropic potential energy wells
vated numerous efforts to predict or determine its anisotropiof atom—molecule bimers!®25-2°|n particular, data of this
potential energy surface. Early calculations of its collisionaltype have recently been used to determine two independent
properties were based on relatively simplistic model(but very similaj model potentials for the He—CO system.
potentialst®?Lbut in 1980 Thomas, Kraemer, and Dierkden When those spectra were first obtained for He—CO, conven-
usedab initio self-consistent-field configuration interaction tional spectroscopic methods were unable to assign most of
methods to calculate the “TKD” potentiaW1xp, Which is  the observed lines, and predictions based on the TKD poten-
regarded as the first semiquantitative theoretical potentidial completely failed to reproduce even the qualitative fea-
surface for this system. At the time, the main experimentatures of the observed specfraMoreover, it was demon-
property against which the existing potentials could be testedtrated that the inability o¥/1xp to account for the spectra
were the pressure broadening cross sections for the pure reras largely due to its underestimation of the potential well
tational transitions of CO perturbed by He, measured at temdepth and its anisotrogyprecisely those features of the sur-
peratures between 77 and 300 Klowever, those data were face believed to be important for the broadening cross sec-
unable to distinguish between the existing surfaces, and tions at cryogenic temperatures.
was not until advances in experimental techniques permitted Careful analysis of synthetic spectra predicted from
the measurement of linewidths for ti&0), R(1), andR(2)  plausible realistic model potentials eventually yielded unique
transitions of CO at cryogenic temperatiréthat theV,p assignments for all of the observed discrete infrared transi-
surface was found to be superior to the older surfaces, and iions, and led to the determination of the semiempiri¢ak
reasonable agreement with those experim&hts. potential energy surface for He—COn subsequent work, a
Since the linewidth measurements at cryogenic temperacsompletely different potential form based on an exchange-
tures had been shown to be particularly sensitive to the welCoulomb model, was determined from a fit of equal quality
region of the potentidl,this agreement with the line broad- to the same set of infrared transitions, leading to the
ening measurements led to the general conclusion that tH&C (fit)” model potential,Vyc .24 Although, the theoretical
TKD potential provided a reasonably accurate description obasis, type of model function, and parametrization were very
the interaction between He and CO in the potential well andlifferent from those for th¥ 335 potential, the final fitted/ v
low energy repulsive wall regions. As a result, efforts tosurface has essentially equivalent behavior in the well re-

A. Recently proposed surfaces
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well regions of these two spectroscopic potentials. At the
same time, since these two surfaces yield equally good rep-
resentations of the discrete infrared data on which they are
based(with average line position discrepancies of less than
0.002 cm'}), the differences between them provides a quan-
........................ titative indication of the effect of model dependence in that
g analysis. In the repulsive wall region more substantial differ-
z ences may be expectddee Fig. 3 of Ref. 24 since the
empirical form of theV,33 function means that its behavior
--------------- there is based on a blind extrapolation from tfiged) well
20l - b T ] region, while the theoretical basis of the ¥if) potential
) g 4 MP4 (K-Tetal.) ; i H
=, « MP4(Tao et al) form Igads us t_o expgct that its (_axtrgpolatlgn behavior should
energy L, 7L : be quite realistic. This expectation is confirmed by the com-
/em ' ; parisons for higher temperatu(@=123-473 K bulk prop-

10 erties reported by Dham and Me#ttisee below.

The dotted curves in Fig. 1 show that the original TKD
potentiaf is distinctly shallower and has a much smaller
well-depth anisotropy than the two empirical spectroscopic
surfaces. Overall, the attractive well ®f,p lies at larger
intermolecular distances, and for the deeper cuts, its zero
potential crossing pointéhe distance known asd”) lie at
distances 3%—5% larger than those ¥ or V333. Relative
to these large differences, the modified TKD-type potentials
of Dilling?2 and Gianturceet al> (displaced irr by between
+1.0 and 1.5%, and by 0.75%, respectivelymay be con-

3 4 g 5 6 sidered essentially equivalent¥gp in the well region. The
inadequacy of the potential wells of these three TKD-based
FIG. 1. Radial cuts through various proposed potential energy surfsees potepuals is manifested by the fact th&t@ supports only a .
the tex} for He—CO. fraction of the bound levels seen experimentally, and that its
simulated infrared spectrum shows little similarity with the
experimental on&.Thus, the discrete infrared data clearly

demonstrate that the potential well properties\gf, and

gion. In other words, the discrete Van der Waals spec:tr_?he varients proposed by Dilliﬁﬁ;and Gianturceet al 2 are

require the potential surface to have a very narrowly Spec'éubstantially S

fied potential well depth, position and shape in the well re- Figure 1 also shows that the attractive wells of tie
gion, irrgspectiveof the functional form used to represent the initio SAPT and MP4 potentials are fairly similar to those of
Interaction. . . the Vyc and Vaa5 surfaces, and calculations reported by
In the past couple of years, substantially improsd : 55 S
initio potentials have also been reported for the He—CO s Moszynskiet al.™ (see their Figs. 6-j8demonstrated that
tem Fn articular. both Kukawskg—TarnawsEaal 30 and ys‘the infrared spectrum of the SAPT surface is fairly similar to
' b ' ' experiment. At the same time, the root mean square discrep-

Tao etal reported calculations based on fourth-order : . . .
Moeller—Plesser perturbation theafyP4), while Moszyn- ancy between experiment and the predicted infrared line po-
! sitions for the SAPT surface~0.2 cm %) is more than 100

ski et al>“ obtained a full two _dlmensmnal surface using thetlmeS larger than the values for the empirical XC X
symmetry-adapted perturbation theof$APT) approach. . . L é.“.@.
. . otentials. Thus, the qualitative similarity of thesle initio
The properties of the wells of these new theoretical surface . : . . )
potentials with the/yc andV35; functions provides indepen-

are in good qualitative agreement W'.th those of thedent confirmation of the essential validity of the latter, but
spectroscopy-based/s3; and Vyc potentials. However, - .
30 4 : the two empirical surfaces are unquestionably more accurate
Kukawska-Tarnawskat al>* did not report an analytic form . .
. : in the well region.
for their surface, so we chose to focus our attention on the . .
i 3o The discrete infrared spectra clearly depend on the prop-
SAPT potential of Moszynsket al. : S 7 :
erties of individual quantum states lying in the potential well,
and hence may be thought of as a definitive “low tempera-
ture” property of the system. In contrast, Dham and M&hth
have tested a number of the proposed surfaces against ex-
perimental values of “high temperature” bulk properties,
Figure 1 compares cuts through the attractive wells ofwhich depend mainly on the position and anisotropy of the
the various potential energy surfaces considered for this syshort-range repulsive wall. Those results, summarized in
tem. The similarity of the solidVyc) and long-dasiVs39) ~ Table |, clearly indicate that although their potential wells
curves demonstrates the essentially equivalent nature of tteee equivalen{at least as far as the infrared data are con-

10tk

[=]

-20

B. Critical comparisons of the recently proposed
surfaces
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TABLE |. Root-mean-square % deviations from experiment of bulk properties calculated from four proposed potentials for (FHsulEOfrom Ref. 38

Potential
Temperature
Property range(K) XC (fit) V333 TKD Gianturcoet al.
Interaction second virial coefficients 123-273 2.8 3.0 35.0 26.0
Binary diffusion coefficients 277-473 0.90 3.96 1.10 1.25
Interaction viscosity coefficients 298-473 0.82 2.69 3.30 1.08
Mixture viscosity coefficients 298-473 0.32 1.07 1.32 0.42

cerned, the XC surface has a distinctly more realistic repul-weighting factors of 0.65, 0.27, 0.07, and 0.02 jer0O to 3,
sive wall than does th¥ 333 function. Moreover, both spec- respectively.

troscopic potentials yield far better agreement with the  The leading inelastic differential cross-sections obtained
experimental second virial coefficients, especially at then the manner described above for the (G potential and
lower temperature¥; and the XC potential's predictions of e Dilling and Gianturccet al. modifications of the TKD

the transport propertie; are also signgcantly .better tha'%urface are compared in Fig. 2. While there are modest dif-
those of both the original TKD potentraand Gianturco ferences, especially fgr=0—2, the dominant overall obser-

et al. modified version of that functiof® Thus, all of these o :

: o vation is that the results for the three potentials are remark-
properties seem to agree on the overall superiority of the . . .
XC(fit) surface ably similar. Allowing for the effect of further averaging

One further test for these potential energy surfaces i9Ve' experimental conditions and apparatus parameters, it
provided by the measured total and inelastic differentiaS€ems clear that these three surfaces provide essentially
cross sections for this systeth®® Improving the agreement equivalent predictions of the inelastic differential cross sec-
with these data was the motivation for Dilling’s modification tions. As might be expected, the three setsA¢f=1 cross
of the TKD potentiaf? and was used to support the adjust- sections forj (initial)=0-2 are qualitatively quite similar to
ment (in the opposite direction proposed by Gianturco one another, with the overall magnitude decreasing as the
et al?® Unfortunately, neither the raw experimental data Norenergy gap grows witf(initial ).3°
a prescription for performing the experimental apparatus av-  Figure 3 presents analogous comparisons of the total dif-
eraging have appeared in the open literature. However, frential cross sections predicted from these three surfaces.
useful comparison of these potentials may still be obtaur_leq)nce again, they are remarkably similar. This may seem
by comparing the calculated centre of mass Cross Sectiong,e\yhat surprising, since conventional wisdom argues that

with each other. the positions and spacings of the interference oscillations in
For the XQfit) potential and both the Dilling and Gian- P ¢ spacing . "
total cross sections are largely determined by the position

turco et al. modifications of the TKD surface, differential ) ) ) .
cross sections at the experimental collision energy of 27.7nd slope of the isotropic or spherically averaged potential at

meV (223 cml) were calculated using essentially exact its zero crossing distanag and Fig. 4 shows that the modi-
close-coupling calculations. The computations were perfied TKD potentials are quite different than the ¥ func-
formed with the Hutson—GreemoLSCAT prograni® using tion there. It is interesting to note, however, that the(f#¢
the Manolopoulos propagatdmwith an integration mesh de- and Gianturcoet al. functions are much more similar near
fined by setting parameter STERS0 and an integration the experimental collision energy of 223 chIn any case,
range which extended to RMAX30 A. The angular basis allowing for the effect of averaging over the experimental
included all of the 11 channels open at this collision energyconditions and for calibration errors in the angular
as well as the first two closed channéler j=11 and 12,  measurement®, it again appears that the Xfit) potential

and the partial wave sum went up Jeor=80; the requisite  yields predictions essentially equivalent to the two modified
channel energies were defined by the molecular constants §kp functions.

Varberg and Evensoif. The angular expansion for the two
TKD-based potentials included all of its seven terms, whil
that for the XG@fit) potential was performed usingumeri-

cally determinegl radial strength functions for Legendre

In conclusion, therefore, we see that the (K} potential
eyields distinctly superior agreement with the discrete infrared
transition* and with high temperature bulk property

terms up toA=10. Tests indicated that these calcuIationsmeasureme_m?’and i_s.esszentially _equivalent tozghe_modified
yielded integral elastic and inelastic cross sections converge-EKD potentials (?f D||I|n.g’- a”‘?' G|'anturcc.1et al™ with r_e'

to better than 0.04%. Th&matrix elements yielded by gard to the elastic and inelastic differential cross sections. It
MOLSCAT were then combined to yield differential cross sec-Must therefore be recognized as the most accurate potential
tions using a program kindly provided by Sheldon Greensurface currently available for the He—CO system, especially
The total differential cross sections were obtained by adding the potential well and low energy repulsive wall region
elastic and inelastic differential cross sections foelévery  expected to be of dominant importance for the very low tem-
open channels, using the repof&ihitial-state population perature line broadening and shifting cross sections.
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FIG. 2. Inelastic differential cross sections for He—CO predicted by close coupling calculations using the spectroscopy-tidspdt@ial(Ref. 24 and
the Dilling (Ref. 22 and Gianturceet al. (Ref. 23 modifications of the TKD(Ref. 9 potential.

Ill. LINE BROADENING AND SHIFTING
CALCULATIONS

A. Methodology

When a diatom diluted in a bath gas undergoes a spectral
transition, the central frequency of the transition can be

between the diatom and bath gas during the spectral transi-
tion. Using kinetic theory, it is possible to express the half-

as

shifted relative to its value in the absence of the bath gas, angng
the half-width at half-maximum of the line shape can

change. These effects are the result of collisions occurring

Econ=223 em’
B —————— XC(it)
— — — — Gianturco et al.

—_
(=]
w

........................ D|”|ng

. . . o =
total differential cross sections / A% sr!
= =
- o
T T

8. / degrees
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FIG. 3. Total differential cross sections for He—CO predicted by close cou+IG. 4. Comparison of the isotropic and leading anisotropic radial strength
functions[see Eq.(1)] for the three potentials considered in Figs. 2 and 3.

pling calculations, as in Fig. 2.
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FIG. 5. Energy dependeft=1—0 line broadening cross sections for He— F_IG' 6. For thej =21 line broadening cross sections of He—CO, as in
CO, calculated using the empirical spectroscopidfXC(Ref. 24 andV335 Fig. 5.

(Ref. 8 functions, and theab initio TKD (Ref. 9 and SAPT(Ref. 32

potential energy surfaces.

pressure at which the spectrum is desired; it was chosen here
to be typical of that used in the experimehfs2’ namely
where 1x1073 Torr. At this pressure, the widths of the spectral

— lines are very narrow compared to the spacing between ad-

Cr=(8keT/ )™ “) jacent Iines.yThis is the nf)ain reason thzt theg off-diagonal
is the average relative speed of the atom—diatom collidingglements, even though nonzero, have little effect on the final
pair, n is the number density of the bath gasthe reduced shifts and widths. At significantly higher pressures, the off-
mass of the atom-diatom paie; the broadening/shifting diagonal elements do contribute, and must be taken into ac-
cross section for the transition of interest, angs the spec- count. However, that pressure regime is beyond the scope
tral transition frequency of the diatom in the absence of aconsidered in this paper. Finally, the ideal gas law was used
bath gas. to determine the value afi appearing in Eqs(2) and (3).

It should be noted, that in the full theoretical descriptionThis is justified because it can be shown that even at the
of Shafer and Gordot?, the cross sections form a complex lowest temperatures considered in the experiments, the be-
matrix whose diagonal elements are those used in &)s. havior of the helium bath gas is very close to ideal.
and(3), and whose off-diagonal elements represent the trans- The temperature dependent broadening/shifting cross
fer of intensity from one spectral transition to another. In thesections appearing in Eq&) and (3) are obtained by ther-
present work, the effect of the off-diagonal elements waganally averaging the corresponding kinetic energy dependent
examined by calculating the full cross-section matrix, andcross sections. These latter cross sections are generated from
comparing the resulting shifts and widths with those pre-S matrix elements obtained from converged close-coupled
dicted by using only the diagonal elements. The resultingcalculations which describe the scattering event between the
values were indistinguishable, showing that the off-diagonatiiatom and the atom. The details of the methods used in
elements had negligible effect in this case. In calculating th@btaining the various cross sections are given in Ref. 41. It
results using the full description, it is necessary to specify ahould be noted, that the highest collision energy for which
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FIG. 7. For thej =10 line shifting cross sections of He—CO, as in Fig. 5. . . . . -
1= 9 9 FIG. 8. For thej =21 line shifting cross sections of He—CO, as in Fig. 5.

cross sections were calculaté490 cm 1) may seem quite ) ) )
modest when attempting to determine thermal cross sections V€'Y fine energy mesh calculations are required to fully
for temperatures up to 300 K. Indeed, at the highest temperéeSOIVe the detailed rgsonant'st.ructure. in the_kmetlc energy
tures, energies up to this maximum account for only aboufl€Pendent cross sections. This is crucial if reliable very low
half the contribution to some of the thermal averages. How!émperature spectral shifts and widths are to be obtained,
ever, the behavior of the energy dependent cross sectiofdce their values are completely dominated by the resonant
was found to becomesery smooth near this maximum en- Structure. The energy grid employed is as follows: for the
ergy, so that accurate extrapolations can be made to highkinetic energy ranges 0.002-0.098, 0.1-1.99, 2.0-19.95,
energies. Use of a variety of different extrapolating schemeg0-0-29.9, 30.0-39.8, 40-99, and 100-200 trenergy
yielded high temperature cross sections which varied by lesgteps of 0.002, 0.01, 0.05, 0.1, 0.2, 1.0, and 10’tmespec-
than 1%, and had essentially no effect on the results folvely, were used. A number of higher energy calculations at
T<100 K. 240, 360, and 490 cnt were also performed, in order to
Close-coupled calculations of line broadening and shiftgive fully converged higher temperature results. All closed
ing cross sections for the pure rotatiojat0—1 and 1-2 channels which lay within 80 cht of the total energy were
transitions of CO in helium were performed for the following included in each calculation. The cutoffs in the total angular
four potential energy surfaces: the original TKD potential of momentum summation ranged frahpor=>5 at the very low-
Thomaset al.® the empiricalVs3; and XQ(fit) potentials de-  est energies, to 50 at the highest energies, and convergence
termined from fits to the discrete infrared Van der Waalswith respect to this cutoff was verified by examining the
molecule spectrd?* and theab initioc SAPT potential of magnitudes of the terms in the sums over this total angular
Moszynski et al®? The requisiteS-matrix elements were momentum for each cross section. As above, the rotational
generated using themoLscAT program of Hutson and channel energies were taken from the results of Varberg and
Green>® again employing the propagator of Manolopoutbs. Evensort®
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FIG. 9. Comparison with experimefgee the tejtfor thermalj =10 and FIG. 10. For the thermgl=1—0 andj =21 line shifting cross sections of
j=2«1 line broadening cross sections of He—CO, calculated using the emHe—CO, as in Fig. 9.
pirical spectroscopic X(@it) (Ref. 24 andV ;35 potentials(Ref. 8, and the
ab initio TKD (Ref. 9 and SAPT(Ref. 32 potential energy surfaces.
while the high temperature values are those of Nerf and
Sonnenberyand of Nerf*? While they show some prefer-
ence for the predictions yielded by the ¥if) and V333 po-
Figures 5-8 present the calculated pressure broadenirgntials, the high temperature broadening cross sections only
and line shifting cross sections for the-D and 2-1 pure  marginally discriminate among the various potentials. How-
rotational transitions of CO in He. In each case, the twoever, the situation is markedly different for the low tempera-
upper panels span the low energy range using double logadre broadening and shifting cross sections, for which none
rithmic scales, while the bottom panel shows the high energyf the predictions really agree with experiment. In particular,
results with a linear scale being used for the cross sectionsvhile the TKD predictions of the<-0 broadening cross sec-
For all four properties, the magnitude and the resonanceons seem in reasonable accord with experiment in the range
structure associated with cross sections for the two empirical.2—4.2 K, the discrepancies at higher temperatures and for
spectroscopic potentialg.g., middle panejsare quite simi- the other three properties suggest that this agreement is for-
lar. This is expected, since this structure is a manifestation dfuitous. At the same time, both sets of pressure shifting cross
the energies and widths of quasibound leftehneling pre- sections show some preference for the behavior predicted
dissociation and Feschbach resonances, so potentials basesing the XC and/;35 potentials, but the residual discrepan-
on the discrete infrared spectra should be quite similar in thigies are well beyond the estimated experimental uncertain-
regard. In contrast, cross sections obtained for the TKD poties.
tential are markedly different, especially at low collision en-
ergies where their smaller magnitude can be attributed to th
fact that its shallower well depth means that this potentia
supports fewer boun¢and hence fewer metastaplevels’ The above results confirm the paradox raised by Chuaqui
Performing the appropriate thermal averaging over theset al® based on calculations using a preliminary version of
calculated cross sections then yields the thermal line broadheir V335 potential: the potentials which accurately repro-
ening and shifting cross sections compared with experimerduce the discrete infrared data disagree strongly with the
(points with error barsin Figs. 9 and 10. All of the low very low temperature line broadening and shifting measure-
temperature measurements came from the De Lucia laboraaents, in spite of the fact that they are expected to depend on
tory [Willey et al. (1988° and (1989,* and Beakyet al?’],  the same region of the potential energy surface. We can en-

B. Results

ﬁ/. DISCUSSION AND CONCLUSIONS
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vision four possible sources for this discrepan@y:inad-  source of the linebroadening and shifting discrepancies and a
equacy of the potential energy surfage), problems with the means of correcting them are not yet known.

scattering calculationgiii ) deficiencies in the kinetic theory
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