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Spectral line shape of theP(2) transition in CO-Ar: Uncorrelated ab initio calculation
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We calculate the spectral line shape of an isolated line from first principles, assuming that the translational
motion is not statistically correlated with the evolution of the optical coherence, i.e., with the broadening. We
use the known, realistic potentials for the influence of collisions on the translational motion and on the internal
motion. We show that the calculated profiles do not agree, particularly at low pressures, with very precise
experimental profiles of thB(2) line of CO in a bath of Ar. We establish that the source of the disagreement
lies in the assumption of uncorrelated effects of collisions on the translational motion and the optical coherence
associated with the internal degrees of freedom.
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[. INTRODUCTION different potentials to determine the translational motion and
the relaxation of the optical cohereng®oadening and shift-

As recently stresseffl], the shape of a spectral line is ing) [8]. In Ref.[9] the potential controlling the translational
obtained by solving a master transport/relaxation equatiofotion was taken as that for rigid spheres whereas, in es-
for the off-diagonal element of the density matrix. In prin- S€Nce, the potential controlling the broadeniiigy), and
ciple, a solution of the full(tensoria) transport/relaxation the shifting,A(v), was assumed to be of a form that yielded
equation will yield not only the width and shift of lines but "€laxation rates approximately quadratic in the spegaf

also the line shape, starting only from the interaction poten'Ehe active molecule. ngeafter, we refer 10 F{éﬂ. as part Il.
tial between the active molecule and its perturbers. Sch The present paper IS very much a continuation .Of. parts !
initio line shapes are expected to differ from all of the stan-2Nd Il Here we have in mind a comparison ai initio

dard line shapes, such as Lorentz, \oigt, Galatry Speeoc_alculations with experimental results for the CO-Ar system.

dependent \oigt, etc(see Refs.[1-5|, and references I contrastto partll where a form df(v) was assumed, we
therein. To date, there has begto the best of our knowl- choose instead an established CO-Ar potential-energy sur-

edge only a single calculation of this natufé]. There, a face (PES to calculate the speed dependence of the broad-

“restricted form” of the master equation was used, and the€NiNg- As is appropriate for CO-Ar, we continue to set the
ift equal to zero. CO-Ar was chosen not only because the

main thrust of the paper was to compare between a numbéh i K b 50 b h ilable th
of model solutions of the master equation. The case consid-=> IS known, but also because we have available the ex-

ered was for the Rama@ branch of B in a bath of He and perimental data for the very precise measurements of Ber-
the main point of the comparison with experiment was toMan et al- [10] of the P(2) andP(7) lines at 301 K. We

demonstrate that theb initio calculation showed the Dicke '€Strict the calculation to thé(2) line, a line that has
narrowing of the lines at low density. We are interested invielded widely varying values of the velocity relaxation rate

obtaining the line shape at all densities and pressures. (narrowing pa_rame@arwhen fitted with different spectral

Two approximations(beyond the usual binary-collision models(see Fig. 4 in Ref[4] and compare correlated and
impact approximationwere made in Ref{1]. The first one uncorrelated models Details of the difference frequerjcy '
was a scalar as opposed to a tensorial formulation of th§Pectrometer used to make the measurements were given in
master equation, and the second was a restriction, in generdf€!- [10] and references therein.

to the situation where the effects of collisions on the internal | '€ master equation, like the closely related Boltzmann
degrees of freedom are uncorrelated with the effects of col€duation, is a complicated integral-differential equation. The

lisions on the translational motion. A general formalism forUSu@l method of solving such equations is to expand the
solving this scalar transport/relaxation equation, with orsolutions in terms of a complete orthonormal set of functions

without statistical correlation, was recently preserjid In " Velocity space. This converts the problem to a set of
fact, this is a simplified version of an approach given earliercou_pled Imear equations  involving matrix ele.ments
by Blackmore[8]. Hereafter, we refer to Refi7] as part I. In (weighted integrals over velocityof various terms in the

Ref.[9] we explored, for the uncorrelated case, the influencdransport/relaxation equation. This formalism was laid out in

of the ratio of the mass of the perturber to the mass of th@art I and will not be repeated. Here, the only calculational

active molecule, the ratio of the optical to kinetic cross secdifference from part Ilaside from choosing input parameters

tion and the density, on theoretical spectral profiles. For th@PPropriate to CO-Aris, as stated above, that instead of
uncorrelated case, there is no technical difficulty in taking2SSuming a form fof'(v), we calculate it from a PES.

Il. CALCULATED SPEED-DEPENDENT BROADENING

*Author to whom all correspondence should be addressed. Email Fully quantal close-coupled calculations of the broaden-
address: dmay@physics.utoronto.ca ing coefficient were carried out using the PES of
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Toczytowski and Cybulskil1]. It is fortunate that the speed 240 —

dependence of the relaxation of the optical coherence makes 7 (@)

its presence felt more in the shape of the lifmon- 200 —1®

Lorentzian, for examplerather than in the overall width of &~ i

the line. One may then test the quality of a potential by < 160

comparing a thermally averaged broadening coefficient with @ 120 _

an experimental value obtained by fittiffgigh-density data © |

to a Lorentzian line shape. In R¢i.2] it was shown that the 80

Toczytowski and Cybulskjl1] potential yielded broadening i

coefficients(when evaluated at a mean relative spgetiat 40

were in close agreement with experimental results. More re- ot t el
0 100 200 300 400 500

cently, it has been showni 3] thatthermally averagedbroad-

ening coefficients are in better agreement with the most pre- 1000 — E (cm™)

cise experimental data. The accuracy 4% or bettey is

perhaps the best one can expect, given that the calculation

ignores the influence of the speed of the active molecule on g~ ==

the line shape. In this paper, we are primarily interested in °<

the speed dependence of the broadening and its influence ongy

the shape of the line. B
Details of the close-coupled calculations of the broaden-

ing, I'(vye), as a function of the relative speea, have

been given elsewhel®efs.[12,13, and references thergijn 10

and once again, in the interest of brevity, will not be repeated AU U

here. They were carried out at the Universite Rennes us- ! 10 100 1000 10000

ing both themoLscAT [14] and themoLcoL codes[15]. Fig- 2 E (cm™)

ure Xa) shows, for theP(2) line of CO highly diluted in Ar, : (c)

a plot of the cross sectiom(E) as a function of the kinetic 15

energy Ez,uur2e|/2, where u is the reduced mass of the

Q

CO-Ar systemp . is the relative speeh —v,|, anduv,, is =
>

~

L1111
—_
O
N’

100

the perturber velocity. Figure()) shows that the numerical
values ofa(E) are well fitted by a straight line on a log/log / N
plot. We find the cross section is well represented analyti- 0.5 4 \

cally by o(E)=0¢(E/Ep)?; with o,=361(6) A, E, {1 N

=1 cm !, andq=—0.2503). [Here and below(x) signi- 0 4=? S~
fies the uncertaintystandard deviationin the last significant
figure reported. In the fitting routine we ignored the points
below 10 cmi™.] It follows that the broadening coefficient

has the forml(ve) =Avg, WhereA is a constant _andi FIG. 1. (@) A linear and(b) logarithmic plot of the calculated
=1+2q. The speed-dependent broadening coefficient to bgross section for the broadening of tRé2) line in CO-Ar at 301
used in the transport/relaxation equation for the off-diagonak, as a function of the relative kinetic enerdy) The calculated
element of the density matrix is a thermal averagé'@f,e)  “width” of the P(2) line as a function of the speed of the CO
over Jp, with J held constant. Using the fitted curve for molecule. Included, as a dashed line, is a plot of the Maxwell dis-
I'(ve), the conversion front'(v,e) to I'(v) can be carried tribution function for CO.

out analytically. The result is,I'(v)=To(1+a) "M

(—n/2,312— av?lv?), (Ref.[3]), wherev is the speed of the nances in the cross section. Thermal averaging over the mo-
active molecule COp,,=+/2kgT/m is the most probable tion of the perturber will smoothen these out, and conse-
speed of the active molecule,=1.4829 is the ratio of the quently, we believe thal' (v) [derived from asmooth fitto
mass of Ar to that of CO, n equalg1—2)x0.250(3) ¢(E)], is accurate.

=0.500(6)], andM (a,b,z) is the confluent hypergeometric

function. The thermally averaged value Bfv) equalsl’y Ill. COMPUTATION AND COMPARISON

and its calculated value for thd?(2) line is 64.55

X102 em™Y/atm[13]. In Fig. 1(c), we show a plot of’(v) As given in part Il, and repeated here for clarity, the line
and the Maxwell speed distribution as a functionvéb ,, . shapel (w) is given byl(w)=Re cq(w)/7 , wherec, is

We see thafl" varies significantly over the ran§i¢0—-2)v,,].  obtained by solving the complex set of linear equatidns,
Having an analytical expression fbi(v) is very convenient =L (w)c(w), wherec(w) andb are single-column matrices.
for the numerical evaluation of the line shape. The irregulari-The basis functionsps(v), used to calculate the “matrix
ties in Figs. 1a) and 1b), at low energy, are not due to elements” are labeled with a subscript(s=0,1,...) and

uncertainties in the calculations but rather arise from resoehosen such thapy(v)=1. With this convention, the ele-
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ments ofb are given by[b]s=6s,. The matrixL(w) is  experiment$10] did not include an absolute measurement of
given byL_(w)z —i(w—wo)_l+iK—S{3—Sf,C, wherewy is the line positions. Consequently, the position of line center
the free molecule resonant frequenkyjs the Doppler-shift Was also allowed to float. Furthermore, experimental results

matrix, and theS's are matrices arising from the broadening for CO-Nz [19] and CO-Ar[10] have revealed the presence

(dephasing and velocity changing collision operators. The _Of weak Iine_mixing in the CO system at the pressures used
lIhe experiments. Usually, for a comparison of the calcu-

basis functions used here are the same as those used in pFr . .
Il An expressior[Eq. (9)] for the elements oK was given ated and measured profiles, the effect of mixing would be

in Part Il along with expressions allowing one to calculateremoved from the experimental data by decomposing it into

f . . - a symmetric and an asymmetric component, a form well
the elements 08, for the case of interacting rigid spheres i for weak mixind 20]. Here, for technical reasons, we

[16,17. For this part of the problem one needs both massegqq 4 mixing term to the calculated profile. The set of linear
and the mean collision diameter. To fix the latter, we equat%quations[see above or Eq2) in part Il] are written such
the calculated diffusion constafgee Eqs(16) and(19) in  that mixing can be incorporated by multiplying by (1
part I1] to the measured mass diffusion consfd@. We use  —jy), whereY is the weak mixing parameter. Thus in the
our analytical expression foF(v) (given above and Eq.  actual fitting routind (w;) is replaced byt¥(w;), indicating
(12) of part Il to calculateS}, i.e., to calculate the matrix the inclusion of weak line mixing. In summary, the adjust-
elements ofl'(v). Thus all of the elements of can be able parameters in the fitting routine wefig S, the overall
calculated and a numerical solution of the coupled lineaamplitude,(ii) the base line BL(iii) I'y, the overall width,
equations determined. Of course, there is always a questidiv) w,, the central frequency, an@) Y, the weak mixing
of selecting the number of basis functions to be includedparameter. In principle, except fbl,, these do not influence
Here we simply started with low values sfind increased it the shapeof the symmetric component. Varyidg, by a few
until the resulting spectrum appeared to have converged tpercent acts like a scaling factor for the frequency scale
less than the noise in the experimental results. We come bad&ast at high pressurebut does not alter the intrinsic shape
to this question below. of the calculated line. The shape is dominated by the fact that
While the calculation of the line shape starting from anwe have chosen an uncorrelated model for the transport/
interaction potential is aab initio calculation, a comparison relaxation equation and the calculated speed dependence of
of the calculated, normalized, absorption profilég,w;), the broadening coefficient. It is knowa1,22 for the trans-
with the measured absorption profilég(w;), still requires lational motion alone, i.e., no broadening, that the spectral
the use of fitting parameters[By |,(w) we mean line shape is insensitive to the form of the potential, provided
—In(R(w)), whereR(w) is the ratio of the intensity trans- the potential is chosen to yield the same high-density result,
mitted by the gas cell to the intensity of the reference béam.i.e., to yield the same diffusion constant. Thus #iepe
The fitting parameters warrant detailed discussion. The lingvould not be expected to change significantly if we were to
strength, the density of CO, and length of cell used in Refmodel the translational motion using, say, a Lennard-Jones
[10] are not known well enough, so that we can assign thenpotential as opposed to a rigid sphere.
a value for the computed line shape. Thus we ti®athe We are now in a position to compare tBhapesof the
“area” under the calculated absorption curve, as an adjusteomputed and measured profiles for tB€2) line of CO
able parameter. Variation or uncertainty in the measured bagdghly diluted in Ar. In Ref.[10], results were given at nine
line impacts on the measured absorption profile. Even thougpressures from 0.05 to 0.99 atm. Each dataset contained
the experimental base line reported in Rdf0] was flat to  some 125 discrete measurements with fewer points recorded
within 1 part in 800, we still allowed it to “float” in the in the wings than in the core of the line. We compare the
fitting routine. In practice, we do not match the calculatedshapes in two ways, directly and as the difference between
and experimental integrated line intensity, but rather our prothe two. In the upper panel of Figs(e2—2(d), we show
gram variesS and BL to minimize ;[ Sl.(w;)— | n(w;) plots, at four pressures, of the computed profile superim-
+In(BL) ], where the sum is over all pointsand BL stands posed on the experimental points. In the terminology of part
for base line. We allow BL to vary linearly with frequency Il, convergence of the calculated curves to within the experi-
across the line. If the calculated and measured profiles amaental noise was achieved at the lowest pressure by includ-
the same, our fitting routine will yield identical integrated ing basis functions witm and| up to 10(121 basis func-
intensities. tions). At the highest pressurey and | up to 5 (36 basis
While the calculated broadening coefficient is probablyfunctiong was sufficient to achieve convergence. On the
reliable to better than 2%, widths determined by fitting to thescale of the figure, the shape of the computed curve appears
data of Ref[10] are accurate to about 0.1%. Since we areto agree with the measured line shape at all pressures. How-
interested in the influence of the speed dependendeé@i  ever, on an expanded scale there are significant differences.
the shapeof the line, and since the influence is known to beln the second panel of Figs(&—2(d) we show a plot of 100
weak, we are probably safe in assuming that the PES ismes the residuals or difference between the data and the
known well enough that we can trust the calculated variatiorcalculated spectrum at the same frequencSs ! X(w;)si
of I' with speed and the only significant uncertainty in the —1,,(w;)+In(BL;;)], joined together by straight line sec-
calculation ofl" is the value ofl". The fitting routine used tions. It is clear from the second panels that the so-called
considerd’ as a third adjustable parameter. residuals are not randomly scattered about zero. The pres-
Finally, there are two other minor fitting parameters. Theence of structure in the plots means that the computed line
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FIG. 2. Plots for four pressures
of upper panels: thab initio pro-
file and experimental points,
[ T 17T UV 17 T 17 U ] [ T 17 ' 17 T 7 T ] middle panels: residuals or differ-
ences between the calculated
initio profile and the measured
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shapes do not agree, in general, with the experimental line IV. DISCUSSION

shapes. The disagreement is largest at the lowest pressure
and decreases with increasing pressure. At 0.485 atm ansdp

higher it is difficult, fro'm a V‘S“"?" examination, tq S€€ aNY the source of the discrepancy at low pressures. Above we
structure above the noise level, in plots of the_ residuals. Thﬁrgued that details of the translational motion are insensitive
reader should not be distracted by the changing character ¢f"te choice of potential, provided the potential parameters
the noise as one moves from low to high pressures. At th§ere chosen to yield the same diffusion constant. Here we
lowest pressures the lines are sufficiently narrow that th%rovide quantitative support for the argument. Calculations
experimental frequency jitter¥(1.5 MHz) adds to the fluc- [21 27 show, at least for equal masses, that the translational
tuations in the absorption. For the two narrowest lines, thenotion for several potentials, including rigid spheres falls
fitting routine yields a nonphysical offset in the wings. We between two extremes, one being the soft collision model of
have manually adjusted the base line in Figs) and 2Zb)to  Galatry [23] and the second the so-called hard collision
produce zero residual in the wings and we have verified thatnodel of Nelkin and Ghatak24]. Both models have the
the residuals found by refitting the profiles with this new anddiffusion constanD as an input parameter. Using the same
fixed base line are indistinguishablexcept for the offset value of D [18] we have calculated a theoretical, speed-
from the original plots. We now discuss possible sources oflependent, soft collision profil€SDGP and a theoretical,
the discrepancy between the calculated and measured prspeed-dependent, hard collision profi@DNGB. Plots of
files. the residuals for both profiles have essentially the same

First we consider the possibility that our choice of rigid
heregbilliard balls) to describe the translational motion is
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FIG. 4. The fitted values df ,/p= 7y, as a function of pressure.
Filled circles are from the fits to thab initio profile. To illustrate
Sihat similar results are found for different models of the transla-
tional motion, the figure includes results for the SDGP and the
structure and size as those shown in Fig. 2 for the low-SDNGP. The crosses result when a SDVP is used for the calculated

pressure results. We conclude that the source of the discreprefile. (See text for definition of acronyms.
ancy is not due to our choice of rigid spheres to describe the
translational motion. mixing is totally insignificant, on the scale of the plot of the

In the fitting routine, we allowed for weak mixing by residuals, at the pressures where the disagreement between
adding a dispersive curve to the profile calculated for artheory and experiment is large. At 1 atm a value Yo
isolated line. Since the calculated and observed curves are4.7x 103 means that the peak-to-peak mixing correction
very close(remember the scale used to plot the residuals waks 4.7X 10 3 of the height of the line at line center. At 1 atm
expanded by a factor of 100 over that used to plot the prothis is just twice the peak-to-peak noise in a plot of the re-
files) it is unimportant that we added it to the calculatedsiduals.(The noise can always be estimated by looking at a
profile rather than subtracted it from the experimental profileplot of the residuals in the wings of the line$n Fig. 2(c)
Our method avoids the difficulty of determining the asym-where the discrepancy between the computed and measured
metric component for experimental profiles that do not haveprofiles is just becoming noticeable, i.e., is above the noise
the points symmetrically recorded about the line center. Ilevel, the peak-to-peak value of the asymmetry correction is
Fig. 3 we show as a function of pressure, a plot of the fittedust 0.8< 102 or about 1/3 of the peak-to-peak noise. At
value of the mixing parameteY. There are two signatures lower pressures the correction for line mixing is totally neg-
present, which convince us that the fitted asymmetries ariskgible. Clearly, our treatment of the asymmetry cannot be
from line mixing. The first is that it increases in magnitude in blamed for any disagreement seen in the second panels of
proportion to the pressuréOn close examination, the single Fig. 2.
anomalous point at the lowest pressure appears to be due to Next we consider our treatment of the speed-dependent
the interplay between the fitting parameters when fitting arbroadening. We have already discussed the case where the
incorrect profile to a noisy experimental profjl&@he second PES is known well enough that we can trust the calculated
is the sign, which for theP(2) line is negative. This indi- variation ofI" with the speed of the active molecule. What
cates that the asymmetry is such that the line appears tan be questioned is the magnituddgfand whether or not
move towards the “center of gravity” of thE branch. This it obeys the scaling law o= yop, wherep is the pressure
is a classic signature of the beginning of the collapse of thend y, is a constant, the broadening coefficient. Figure 4
branch towards a single lin€¢Of course, at very high pres- shows a plot of §,) ;= (I'g)fit /P @s a function of the pres-
sures,P and R branch mixing is expected to collapse the sure. We see at high pressures that the value is constant
entire rovibrational band to a single lind.ine mixing was  (~63.9x10 3 cm™Y/atm) and furthermore that the points
measured in CO-CO and CO;Nh the first overtone spec- lie only 1% below the dashed line, y§).=64.55
trum [25]. There, using an “energy-corrected sudden ap-x10 3 cm™ /atm, the value calculated directly from the
proximation,” they were able to use the measured broadenPES, i.e., the two agree within the estimated uncertainty of
ing coefficients to predict the mixing parameters. Thesehe calculated value. Note that if the broadening coefficient
compared favorably with the measured asymmetries. Sinckad been fixed at the calculated value, there would be no
the broadening in CO-Ar is almost identical to that in agreement between the calculated and the observed line
CO-CO or CO-N, we can from their Fig. 9, predict that the shapes at any pressure. We argue that the close agreement
mixing parameter for theP(2) line is close to —5  between the calculated and fitted broadening coefficients is
x10 % atm . The slope of the line in Fig. 3 is-4.7 not a question of coincidence. We believe that independent
x 103 atm L. Clearly, the measured asymmetry can safelyof the nature of the velocity changing collisions, correlated
be interpreted as arising from line mixing. However, what isor uncorrelated, the maximuutirect effect the translational
much more important is the fact that the correction for linemotion can have on the width is the pressure-independent

FIG. 3. The weak mixing parameter f&(2) line of CO-Ar as
a function of the total pressure. The straight line fit shown ignore
the lowest pressure point.
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Doppler width, a measure of which isp=kv,,. Thus, at atm. Consequently, if Dicke narrowing does not occur, our
high enough pressures, collisional broadening will alwayscalculations will lead to a width that is too low, for pressures
dominate, the width will obey the normal scaling with pres-up to =~0.128 atm. The fitting routine, with a nonzero nar-
sure and the value of, obtained from the high-pressure fits rowing parameter, would then compensate by increasing the
will be the correct broadening coefficient. For tR€2) line  fitted value of the collisional width. The behavior of{);

the collisional width equals the calculated Doppler width atshown in Fig. 4 is consistent with this view. This correlation
0.048 atm. Our argument amounts to no more than claimingetween the broadening and the narrowing has been noted by
that there exists a collision broadening regime, a commonlythers when both are fitted parametésse Ref[10], and
held view. We note in passing that the same view was iMreferences therejnLogically, the Rautian-Sobelmann model
plicitly assumed in Ref[4] to fit spectra for the value af  [2] for statistical correlation suggests that the speed-
appearing above in our expression Iofv) in terms of &  genendent Voigt profiléSDVP) [26] would be a reasonable
hypergeometric functionlOurnis to be identified withu in - 56| for the extreme case of zero Dicke narrowing. Others
Ref. [4]) In fact it is surprising th_at the \_/alue af=0.5, [27-29 have noted the need to use a zero or reduced nar-
deduced from the resu_lts reported in Rel, is very close to. rowing parameter to fit experimental data. In fact, using our
our value of 0.500B), given that the authors claim that their calculated expression fd?(v), we find that the SDVP fits

results are not sensitive to the assumed form for the spe A .
dependence of the broadening. Believing that the higrﬁ e spectra as well or better than thle initio profiles. The

pressure behavior ofyp) s is physically correct, we must residuals for this comparison of theofynode) and experi-

conclude that the unphysical behavior afyf;;; is the sud- ment are shown in the third panels in Figga)22(d). In

den rise with decreasing pressure seen in Fig. 4. If we ha8dd|t|on, the fitted values of the broadening coefficients,

demanded that the collisional broadening coefficient was ghown as crosses in Fig. 4, are better behaved at low pres-

A S . Sures than the values resulting from fitting our calculated
constant, rather than adjusting it to minimize the residual fil h . | d H he |
then the residuals shown in the middle panels in Figa-2 profiles to the experimental data. However, at the lowest
2(d) would have been even bigger. Finally, to illustrate againpressures, %o) i falls below the high-pressure asymptotic

that the broadening results are not very sensitive to the dev_alue, rather than above, and there is a structure in the re-

scription of the translational motion, we have included inchh\J/"’;DI ipsl?qtoﬁht:iolfr\g;s’ ts per;s; Z:Jrero(f)i];eofc?rdf?ﬁgztr)niir;;hg? the
Fig. 4 the values of %)+t » Which result when we describe P P

the translational motion either by the soft or the hard coIIi-Co heavily diluted in Ar.
sion model. The unphysical behavior ofq)s;; at low pres-

sures is found for all three models for the translational mo-
tion. V. SUMMARY

Having shown that the source of the discrepancy between | Ref. [4] measurements for each line were made at two
the calculated and experimental profiles is neither due to OUhressures, one at low pressure¥/10 atm) and one at high
choice of rigid spheres for the translational motion nor due topressure €3/4 atm). Based on an analysis of each line, us-
our calculated speed—dependept broade'nlng, we must COflg amodel for the speed dependence of the broadeaimty
clude that the transport/relaxation equation itself is flawedy variety ofmodels of the spectral line shapthe authors
Since the only assumption made about the master equatiQiyncjyded that it was plausible for statistical correlation to
was the lack of statistical correlation, we conclude that thesyist in the CO-Ar system, being severe for low values.of
experimental line shape provides evidence for the presenqgere we havanodeled the transport/relaxation equatin
of statistical correlation between the effects of collisions ongg|s by assuming uncorrelated motion, but we have solved

the translational motion and the effects of collisions on thepe equation, using realistic interaction potentials, to obtain
optical coherenceéoff-diagonal elements of the density ma- 5 initio spectral profiles of thé®(2) line, for a range of

trix) for the P(2) line in CO-Ar. , pressures. By showing that the computed profiles disagree
_ There are naoab initio calculations of the profile of an ity the experimental line shapes, we have demonstrated un-
isolated line for_the correlated case, in spite of the fac_t that_ @quivocally that our model transport/relaxation equation is
formal expression of the transport/relaxation equation, iNnadequate; or equivalently that statistical correlation is im-
terms of collision kernels, was given some years @@ Eq.  portant for theP(2) line of CO highly diluted in Ar. Conse-
(11) in Ref. [6]). However, Rautian and Sobelmafl] pro-  gyently, anab initio calculation of the spectral profile will
posed a mathematical model to account for statistical COM&equire a full numerical solution of the generalized

lation. The consequence of their model is to reduce the eﬁe‘WaIdmann—Snyder equatiofsee Ref.[6], and references

of Dicke narrowing. In the extreme case, there would be NQperein or its scalar counterpaft]. Such computations will

narrowing, or equivalently, there would not be a hydrody-,;omatically include the effects of statistical correlation but
namic limit for the translational motion. Consequently thethey may not reveal its physical origin.

collision dominated regime is to be defined By wp rather
than by a Dicke widttk?D, less tharwp . The latter condi-
tion, which is often expressed kw1, wherez is the nar-
rowing parameter, is appropriate for the uncorrelated case
and specifies the hydrodynamic regime. For B{&) line in We would like to thank the Natural Sciences and Engi-
CO-Ar, I' equalswp at 0.048 atm, and equals 1 at 0.128 neering Council of Canada for their support.
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