
PHYSICAL REVIEW A 66, 062502 ~2002!
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 theP(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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I. INTRODUCTION

As recently stressed@1#, the shape of a spectral line
obtained by solving a master transport/relaxation equa
for the off-diagonal element of the density matrix. In pri
ciple, a solution of the full~tensorial! transport/relaxation
equation will yield not only the width and shift of lines bu
also the line shape, starting only from the interaction pot
tial between the active molecule and its perturbers. Suchab
initio line shapes are expected to differ from all of the sta
dard line shapes, such as Lorentz, Voigt, Galatry, spe
dependent Voigt, etc.~see Refs. @1–5#, and references
therein!. To date, there has been~to the best of our knowl-
edge! only a single calculation of this nature@6#. There, a
‘‘restricted form’’ of the master equation was used, and
main thrust of the paper was to compare between a num
of model solutions of the master equation. The case con
ered was for the RamanQ branch of D2 in a bath of He and
the main point of the comparison with experiment was
demonstrate that theab initio calculation showed the Dicke
narrowing of the lines at low density. We are interested
obtaining the line shape at all densities and pressures.

Two approximations~beyond the usual binary-collisio
impact approximation! were made in Ref.@1#. The first one
was a scalar as opposed to a tensorial formulation of
master equation, and the second was a restriction, in gen
to the situation where the effects of collisions on the inter
degrees of freedom are uncorrelated with the effects of
lisions on the translational motion. A general formalism f
solving this scalar transport/relaxation equation, with
without statistical correlation, was recently presented@7#. In
fact, this is a simplified version of an approach given ear
by Blackmore@8#. Hereafter, we refer to Ref.@7# as part I. In
Ref. @9# we explored, for the uncorrelated case, the influe
of the ratio of the mass of the perturber to the mass of
active molecule, the ratio of the optical to kinetic cross s
tion and the density, on theoretical spectral profiles. For
uncorrelated case, there is no technical difficulty in tak
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different potentials to determine the translational motion a
the relaxation of the optical coherence~broadening and shift-
ing! @8#. In Ref. @9# the potential controlling the translationa
motion was taken as that for rigid spheres whereas, in
sence, the potential controlling the broadening,G(v), and
the shifting,D(v), was assumed to be of a form that yielde
relaxation rates approximately quadratic in the speedv, of
the active molecule. Hereafter, we refer to Ref.@9# as part II.

The present paper is very much a continuation of par
and II. Here we have in mind a comparison ofab initio
calculations with experimental results for the CO-Ar syste
In contrast to part II where a form ofG(v) was assumed, we
choose instead an established CO-Ar potential-energy
face ~PES! to calculate the speed dependence of the bro
ening. As is appropriate for CO-Ar, we continue to set t
shift equal to zero. CO-Ar was chosen not only because
PES is known, but also because we have available the
perimental data for the very precise measurements of B
man et al. @10# of the P(2) and P(7) lines at 301 K. We
restrict the calculation to theP(2) line, a line that has
yielded widely varying values of the velocity relaxation ra
~narrowing parameter! when fitted with different spectra
models~see Fig. 4 in Ref.@4# and compare correlated an
uncorrelated models!. Details of the difference frequenc
spectrometer used to make the measurements were giv
Ref. @10# and references therein.

The master equation, like the closely related Boltzma
equation, is a complicated integral-differential equation. T
usual method of solving such equations is to expand
solutions in terms of a complete orthonormal set of functio
in velocity space. This converts the problem to a set
coupled linear equations involving ‘‘matrix elements
~weighted integrals over velocity! of various terms in the
transport/relaxation equation. This formalism was laid out
part I and will not be repeated. Here, the only calculatio
difference from part II~aside from choosing input paramete
appropriate to CO-Ar! is, as stated above, that instead
assuming a form forG(v), we calculate it from a PES.

II. CALCULATED SPEED-DEPENDENT BROADENING

Fully quantal close-coupled calculations of the broad
ing coefficient were carried out using the PES

ail
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Toczyłowski and Cybulski@11#. It is fortunate that the spee
dependence of the relaxation of the optical coherence m
its presence felt more in the shape of the line~non-
Lorentzian, for example! rather than in the overall width o
the line. One may then test the quality of a potential
comparing a thermally averaged broadening coefficient w
an experimental value obtained by fitting~high-density! data
to a Lorentzian line shape. In Ref.@12# it was shown that the
Toczyłowski and Cybulski@11# potential yielded broadening
coefficients~when evaluated at a mean relative speed! that
were in close agreement with experimental results. More
cently, it has been shown@13# thatthermally averagedbroad-
ening coefficients are in better agreement with the most
cise experimental data. The accuracy (62% or better! is
perhaps the best one can expect, given that the calcula
ignores the influence of the speed of the active molecule
the line shape. In this paper, we are primarily interested
the speed dependence of the broadening and its influenc
the shape of the line.

Details of the close-coupled calculations of the broad
ing, G(v rel), as a function of the relative speed,v rel , have
been given elsewhere~Refs.@12,13#, and references therein!;
and once again, in the interest of brevity, will not be repea
here. They were carried out at the Universite´ de Rennes us
ing both theMOLSCAT @14# and theMOLCOL codes@15#. Fig-
ure 1~a! shows, for theP(2) line of CO highly diluted in Ar,
a plot of the cross sections(E) as a function of the kinetic
energy E5mv rel

2 /2, where m is the reduced mass of th

CO-Ar system,v rel is the relative speeduvW 2vW pu, andvW p is
the perturber velocity. Figure 1~b! shows that the numerica
values ofs(E) are well fitted by a straight line on a log/lo
plot. We find the cross section is well represented anal
cally by s(E)5s0(E/E0)q; with s05361(6) Å, E0
51 cm21, andq520.250(3). @Here and below,~x! signi-
fies the uncertainty~standard deviation! in the last significant
figure reported. In the fitting routine we ignored the poin
below 10 cm21.# It follows that the broadening coefficien
has the formG(v rel)5Av rel

n , whereA is a constant andn
5112q. The speed-dependent broadening coefficient to
used in the transport/relaxation equation for the off-diago
element of the density matrix is a thermal average ofG(v rel)
over vW p , with vW held constant. Using the fitted curve fo
G(v rel), the conversion fromG(v rel) to G(v) can be carried
out analytically. The result is,G(v)5G0(11a)2n/2M
(2n/2,3/2,2av2/vm

2 ), ~Ref. @3#!, wherev is the speed of the
active molecule CO,vm5A2kBT/m is the most probable
speed of the active molecule,a51.4829 is the ratio of the
mass of Ar to that of CO, n equals@(122)30.250(3)
50.500(6)#, andM (a,b,z) is the confluent hypergeometri
function. The thermally averaged value ofG(v) equalsG0
and its calculated value for theP(2) line is 64.55
31023 cm21/atm @13#. In Fig. 1~c!, we show a plot ofG(v)
and the Maxwell speed distribution as a function ofv/vm .
We see thatG varies significantly over the range@(0 –2)vm#.
Having an analytical expression forG(v) is very convenient
for the numerical evaluation of the line shape. The irregula
ties in Figs. 1~a! and 1~b!, at low energy, are not due t
uncertainties in the calculations but rather arise from re
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nances in the cross section. Thermal averaging over the
tion of the perturber will smoothen these out, and con
quently, we believe thatG(v) @derived from asmooth fitto
s(E)], is accurate.

III. COMPUTATION AND COMPARISON

As given in part II, and repeated here for clarity, the li
shapeI (v) is given by I (v)5Re c0(v)/p , wherec0 is
obtained by solving the complex set of linear equationsb
5L (v)c(v), wherec(v) andb are single-column matrices
The basis functionsws(v), used to calculate the ‘‘matrix
elements’’ are labeled with a subscripts (s50,1, . . . ) and
chosen such thatw0(v)51. With this convention, the ele

FIG. 1. ~a! A linear and~b! logarithmic plot of the calculated
cross section for the broadening of theP(2) line in CO-Ar at 301
K, as a function of the relative kinetic energy.~c! The calculated
‘‘width’’ of the P(2) line as a function of the speed of the C
molecule. Included, as a dashed line, is a plot of the Maxwell d
tribution function for CO.
2-2
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SPECTRAL LINE SHAPE OF THEP(2) TRANSITION . . . PHYSICAL REVIEW A66, 062502 ~2002!
ments of b are given by@b#s5ds,0 . The matrix L (v) is
given byL (v)52 i (v2v0)11 iK2SD

f 2SVC
f , wherev0 is

the free molecule resonant frequency,K is the Doppler-shift
matrix, and theS’s are matrices arising from the broadenin
~dephasing! and velocity changing collision operators. Th
basis functions used here are the same as those used in
II. An expression@Eq. ~9!# for the elements ofK was given
in Part II along with expressions allowing one to calcula
the elements ofSVC

f for the case of interacting rigid sphere
@16,17#. For this part of the problem one needs both mas
and the mean collision diameter. To fix the latter, we equ
the calculated diffusion constant@see Eqs.~16! and ~19! in
part II# to the measured mass diffusion constant@18#. We use
our analytical expression forG(v) ~given above! and Eq.
~11! of part II to calculateSD

f , i.e., to calculate the matrix
elements ofG(v). Thus all of the elements ofL can be
calculated and a numerical solution of the coupled lin
equations determined. Of course, there is always a ques
of selecting the number of basis functions to be includ
Here we simply started with low values ofs and increased it
until the resulting spectrum appeared to have converge
less than the noise in the experimental results. We come b
to this question below.

While the calculation of the line shape starting from
interaction potential is anab initio calculation, a comparison
of the calculated, normalized, absorption profiles,I c(v i),
with the measured absorption profiles,I m(v i), still requires
the use of fitting parameters.@By I m(v) we mean
2 ln„R(v)…, whereR(v) is the ratio of the intensity trans
mitted by the gas cell to the intensity of the reference bea#
The fitting parameters warrant detailed discussion. The
strength, the density of CO, and length of cell used in R
@10# are not known well enough, so that we can assign th
a value for the computed line shape. Thus we treatS, the
‘‘area’’ under the calculated absorption curve, as an adju
able parameter. Variation or uncertainty in the measured b
line impacts on the measured absorption profile. Even tho
the experimental base line reported in Ref.@10# was flat to
within 1 part in 800, we still allowed it to ‘‘float’’ in the
fitting routine. In practice, we do not match the calculat
and experimental integrated line intensity, but rather our p
gram variesS and BL to minimize ( i@SIc(v i)2I m(v i)
1 ln(BL) #2, where the sum is over all pointsi, and BL stands
for base line. We allow BL to vary linearly with frequenc
across the line. If the calculated and measured profiles
the same, our fitting routine will yield identical integrate
intensities.

While the calculated broadening coefficient is proba
reliable to better than 2%, widths determined by fitting to t
data of Ref.@10# are accurate to about 0.1%. Since we a
interested in the influence of the speed dependence ofG on
the shapeof the line, and since the influence is known to
weak, we are probably safe in assuming that the PES
known well enough that we can trust the calculated variat
of G with speed and the only significant uncertainty in t
calculation ofG is the value ofG0. The fitting routine used
considersG0 as a third adjustable parameter.

Finally, there are two other minor fitting parameters. T
06250
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experiments@10# did not include an absolute measurement
the line positions. Consequently, the position of line cen
was also allowed to float. Furthermore, experimental res
for CO-N2 @19# and CO-Ar@10# have revealed the presenc
of weak line mixing in the CO system at the pressures u
in the experiments. Usually, for a comparison of the cal
lated and measured profiles, the effect of mixing would
removed from the experimental data by decomposing it i
a symmetric and an asymmetric component, a form w
known for weak mixing@20#. Here, for technical reasons, w
add a mixing term to the calculated profile. The set of line
equations@see above or Eq.~2! in part II# are written such
that mixing can be incorporated by multiplyingb by (1
2 iY), whereY is the weak mixing parameter. Thus in th
actual fitting routineI c(v i) is replaced byI c

y(v i), indicating
the inclusion of weak line mixing. In summary, the adjus
able parameters in the fitting routine were~i! S, the overall
amplitude,~ii ! the base line BL,~iii ! G0, the overall width,
~iv! v0, the central frequency, and~v! Y, the weak mixing
parameter. In principle, except forG0, these do not influence
theshapeof the symmetric component. VaryingG0 by a few
percent acts like a scaling factor for the frequency scale~at
least at high pressures! but does not alter the intrinsic shap
of the calculated line. The shape is dominated by the fact
we have chosen an uncorrelated model for the transp
relaxation equation and the calculated speed dependenc
the broadening coefficient. It is known@21,22# for the trans-
lational motion alone, i.e., no broadening, that the spec
line shape is insensitive to the form of the potential, provid
the potential is chosen to yield the same high-density res
i.e., to yield the same diffusion constant. Thus theshape
would not be expected to change significantly if we were
model the translational motion using, say, a Lennard-Jo
potential as opposed to a rigid sphere.

We are now in a position to compare theshapesof the
computed and measured profiles for theP(2) line of CO
highly diluted in Ar. In Ref.@10#, results were given at nine
pressures from 0.05 to 0.99 atm. Each dataset conta
some 125 discrete measurements with fewer points reco
in the wings than in the core of the line. We compare t
shapes in two ways, directly and as the difference betw
the two. In the upper panel of Figs. 2~a!–2~d!, we show
plots, at four pressures, of the computed profile super
posed on the experimental points. In the terminology of p
II, convergence of the calculated curves to within the expe
mental noise was achieved at the lowest pressure by inc
ing basis functions withn and l up to 10 ~121 basis func-
tions!. At the highest pressure,n and l up to 5 ~36 basis
functions! was sufficient to achieve convergence. On t
scale of the figure, the shape of the computed curve app
to agree with the measured line shape at all pressures. H
ever, on an expanded scale there are significant differen
In the second panel of Figs. 2~a!–2~d! we show a plot of 100
times the residuals or difference between the data and
calculated spectrum at the same frequency,@SfitI c

y(v i)fit

2I m(v i)1 ln(BLfit)#, joined together by straight line sec
tions. It is clear from the second panels that the so-ca
residuals are not randomly scattered about zero. The p
ence of structure in the plots means that the computed
2-3
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FIG. 2. Plots for four pressure
of upper panels: theab initio pro-
file and experimental points
middle panels: residuals or differ
ences between the calculatedab
initio profile and the measured
points, joined by straight line sec
tions, and lower panels: the sam
as above except that the transl
tional motion was assumed to b
collisionless for the calculated
profile, a SDVP.
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shapes do not agree, in general, with the experimental
shapes. The disagreement is largest at the lowest pres
and decreases with increasing pressure. At 0.485 atm
higher it is difficult, from a visual examination, to see a
structure above the noise level, in plots of the residuals.
reader should not be distracted by the changing characte
the noise as one moves from low to high pressures. At
lowest pressures the lines are sufficiently narrow that
experimental frequency jitter (61.5 MHz) adds to the fluc-
tuations in the absorption. For the two narrowest lines,
fitting routine yields a nonphysical offset in the wings. W
have manually adjusted the base line in Figs. 2~a! and 2~b! to
produce zero residual in the wings and we have verified
the residuals found by refitting the profiles with this new a
fixed base line are indistinguishable~except for the offset!
from the original plots. We now discuss possible sources
the discrepancy between the calculated and measured
files.
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IV. DISCUSSION

First we consider the possibility that our choice of rig
spheres~billiard balls! to describe the translational motion
the source of the discrepancy at low pressures. Above
argued that details of the translational motion are insensi
to the choice of potential, provided the potential paramet
were chosen to yield the same diffusion constant. Here
provide quantitative support for the argument. Calculatio
@21,22# show, at least for equal masses, that the translatio
motion for several potentials, including rigid spheres fa
between two extremes, one being the soft collision mode
Galatry @23# and the second the so-called hard collisi
model of Nelkin and Ghatak@24#. Both models have the
diffusion constantD as an input parameter. Using the sam
value of D @18# we have calculated a theoretical, spee
dependent, soft collision profile~SDGP! and a theoretical,
speed-dependent, hard collision profile~SDNGP!. Plots of
the residuals for both profiles have essentially the sa
2-4
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SPECTRAL LINE SHAPE OF THEP(2) TRANSITION . . . PHYSICAL REVIEW A66, 062502 ~2002!
structure and size as those shown in Fig. 2 for the lo
pressure results. We conclude that the source of the disc
ancy is not due to our choice of rigid spheres to describe
translational motion.

In the fitting routine, we allowed for weak mixing b
adding a dispersive curve to the profile calculated for
isolated line. Since the calculated and observed curves
very close~remember the scale used to plot the residuals
expanded by a factor of 100 over that used to plot the p
files! it is unimportant that we added it to the calculat
profile rather than subtracted it from the experimental profi
Our method avoids the difficulty of determining the asy
metric component for experimental profiles that do not ha
the points symmetrically recorded about the line center
Fig. 3 we show as a function of pressure, a plot of the fit
value of the mixing parameterY. There are two signature
present, which convince us that the fitted asymmetries a
from line mixing. The first is that it increases in magnitude
proportion to the pressure.~On close examination, the singl
anomalous point at the lowest pressure appears to be d
the interplay between the fitting parameters when fitting
incorrect profile to a noisy experimental profile.! The second
is the sign, which for theP(2) line is negative. This indi-
cates that the asymmetry is such that the line appear
move towards the ‘‘center of gravity’’ of theP branch. This
is a classic signature of the beginning of the collapse of
branch towards a single line.~Of course, at very high pres
sures,P and R branch mixing is expected to collapse th
entire rovibrational band to a single line.! Line mixing was
measured in CO-CO and CO-N2 in the first overtone spec
trum @25#. There, using an ‘‘energy-corrected sudden a
proximation,’’ they were able to use the measured broad
ing coefficients to predict the mixing parameters. The
compared favorably with the measured asymmetries. S
the broadening in CO-Ar is almost identical to that
CO-CO or CO-N2, we can from their Fig. 9, predict that th
mixing parameter for theP(2) line is close to 25
31023 atm21. The slope of the line in Fig. 3 is24.7
31023 atm21. Clearly, the measured asymmetry can saf
be interpreted as arising from line mixing. However, what
much more important is the fact that the correction for li

FIG. 3. The weak mixing parameter forP(2) line of CO-Ar as
a function of the total pressure. The straight line fit shown igno
the lowest pressure point.
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mixing is totally insignificant, on the scale of the plot of th
residuals, at the pressures where the disagreement bet
theory and experiment is large. At 1 atm a value ofY5
24.731023 means that the peak-to-peak mixing correcti
is 4.731023 of the height of the line at line center. At 1 atm
this is just twice the peak-to-peak noise in a plot of the
siduals.~The noise can always be estimated by looking a
plot of the residuals in the wings of the lines.! In Fig. 2~c!
where the discrepancy between the computed and meas
profiles is just becoming noticeable, i.e., is above the no
level, the peak-to-peak value of the asymmetry correction
just 0.831023 or about 1/3 of the peak-to-peak noise. A
lower pressures the correction for line mixing is totally ne
ligible. Clearly, our treatment of the asymmetry cannot
blamed for any disagreement seen in the second pane
Fig. 2.

Next we consider our treatment of the speed-depend
broadening. We have already discussed the case where
PES is known well enough that we can trust the calcula
variation of G with the speed of the active molecule. Wh
can be questioned is the magnitude ofG0 and whether or not
it obeys the scaling lawG05g0p, wherep is the pressure
and g0 is a constant, the broadening coefficient. Figure
shows a plot of (g0) f i t5(G0) f i t /p as a function of the pres
sure. We see at high pressures that the value is cons
(;63.931023 cm21/atm) and furthermore that the poin
lie only 1% below the dashed line, (g0)c564.55
31023 cm21/atm, the value calculated directly from th
PES, i.e., the two agree within the estimated uncertainty
the calculated value. Note that if the broadening coeffici
had been fixed at the calculated value, there would be
agreement between the calculated and the observed
shapes at any pressure. We argue that the close agree
between the calculated and fitted broadening coefficient
not a question of coincidence. We believe that independ
of the nature of the velocity changing collisions, correlat
or uncorrelated, the maximumdirect effect the translationa
motion can have on the width is the pressure-independ

s

FIG. 4. The fitted values ofG0 /p5g0 as a function of pressure
Filled circles are from the fits to theab initio profile. To illustrate
that similar results are found for different models of the trans
tional motion, the figure includes results for the SDGP and
SDNGP. The crosses result when a SDVP is used for the calcul
profile. ~See text for definition of acronyms.!
2-5
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WEHR et al. PHYSICAL REVIEW A 66, 062502 ~2002!
Doppler width, a measure of which isvD5kvm . Thus, at
high enough pressures, collisional broadening will alwa
dominate, the width will obey the normal scaling with pre
sure and the value ofg0 obtained from the high-pressure fi
will be the correct broadening coefficient. For theP(2) line
the collisional width equals the calculated Doppler width
0.048 atm. Our argument amounts to no more than claim
that there exists a collision broadening regime, a commo
held view. We note in passing that the same view was
plicitly assumed in Ref.@4# to fit spectra for the value ofn
appearing above in our expression ofG(v) in terms of a
hypergeometric function.~Our n is to be identified withm in
Ref. @4#.! In fact it is surprising that the value ofn50.5,
deduced from the results reported in Ref.@4#, is very close to
our value of 0.500~6!, given that the authors claim that the
results are not sensitive to the assumed form for the sp
dependence of the broadening. Believing that the hi
pressure behavior of (g0) f i t is physically correct, we mus
conclude that the unphysical behavior of (g0) f i t is the sud-
den rise with decreasing pressure seen in Fig. 4. If we
demanded that the collisional broadening coefficient wa
constant, rather than adjusting it to minimize the residu
then the residuals shown in the middle panels in Figs. 2~a!–
2~d! would have been even bigger. Finally, to illustrate ag
that the broadening results are not very sensitive to the
scription of the translational motion, we have included
Fig. 4 the values of (g0) f i t , which result when we describ
the translational motion either by the soft or the hard co
sion model. The unphysical behavior of (g0) f i t at low pres-
sures is found for all three models for the translational m
tion.

Having shown that the source of the discrepancy betw
the calculated and experimental profiles is neither due to
choice of rigid spheres for the translational motion nor due
our calculated speed-dependent broadening, we must
clude that the transport/relaxation equation itself is flaw
Since the only assumption made about the master equa
was the lack of statistical correlation, we conclude that
experimental line shape provides evidence for the prese
of statistical correlation between the effects of collisions
the translational motion and the effects of collisions on
optical coherence~off-diagonal elements of the density m
trix! for the P(2) line in CO-Ar.

There are noab initio calculations of the profile of an
isolated line for the correlated case, in spite of the fact th
formal expression of the transport/relaxation equation,
terms of collision kernels, was given some years ago„see Eq.
~11! in Ref. @6#…. However, Rautian and Sobelmann@2# pro-
posed a mathematical model to account for statistical co
lation. The consequence of their model is to reduce the ef
of Dicke narrowing. In the extreme case, there would be
narrowing, or equivalently, there would not be a hydrod
namic limit for the translational motion. Consequently t
collision dominated regime is to be defined byG@vD rather
than by a Dicke widthk2D, less thanvD . The latter condi-
tion, which is often expressed byz@1, wherez is the nar-
rowing parameter, is appropriate for the uncorrelated c
and specifies the hydrodynamic regime. For theP(2) line in
CO-Ar, G equalsvD at 0.048 atm, andz equals 1 at 0.128
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atm. Consequently, if Dicke narrowing does not occur, o
calculations will lead to a width that is too low, for pressur
up to '0.128 atm. The fitting routine, with a nonzero na
rowing parameter, would then compensate by increasing
fitted value of the collisional width. The behavior of (g0) f i t

shown in Fig. 4 is consistent with this view. This correlatio
between the broadening and the narrowing has been note
others when both are fitted parameters~see Ref.@10#, and
references therein!. Logically, the Rautian-Sobelmann mod
@2# for statistical correlation suggests that the spe
dependent Voigt profile~SDVP! @26# would be a reasonable
model for the extreme case of zero Dicke narrowing. Oth
@27–29# have noted the need to use a zero or reduced
rowing parameter to fit experimental data. In fact, using o
calculated expression forG(v), we find that the SDVP fits
the spectra as well or better than theab initio profiles. The
residuals for this comparison of theory~model! and experi-
ment are shown in the third panels in Figs. 2~a!–2~d!. In
addition, the fitted values of the broadening coefficien
shown as crosses in Fig. 4, are better behaved at low p
sures than the values resulting from fitting our calcula
profiles to the experimental data. However, at the low
pressures, (g0) f i t falls below the high-pressure asymptot
value, rather than above, and there is a structure in the
sidual plot at the lowest pressure of 0.048 atm. Thus
SDVP is not the correct spectral profile for theP(2) line of
CO heavily diluted in Ar.

V. SUMMARY

In Ref. @4# measurements for each line were made at t
pressures, one at low pressure (;1/10 atm) and one at high
pressure (;3/4 atm). Based on an analysis of each line,
ing amodel for the speed dependence of the broadeningand
a variety of models of the spectral line shape, the authors
concluded that it was plausible for statistical correlation
exist in the CO-Ar system, being severe for low values ofJ.
Here we havemodeled the transport/relaxation equationit-
self by assuming uncorrelated motion, but we have sol
the equation, using realistic interaction potentials, to obt
ab initio spectral profiles of theP(2) line, for a range of
pressures. By showing that the computed profiles disag
with the experimental line shapes, we have demonstrated
equivocally that our model transport/relaxation equation
inadequate; or equivalently that statistical correlation is i
portant for theP(2) line of CO highly diluted in Ar. Conse-
quently, anab initio calculation of the spectral profile wil
require a full numerical solution of the generalize
Waldmann-Snyder equation~see Ref.@6#, and references
therein! or its scalar counterpart@1#. Such computations will
automatically include the effects of statistical correlation b
they may not reveal its physical origin.
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