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Abstract. The band-integrated absorption oscillator strengtlesjually wide range of absorption oscillator strengths is needed.
of the CO A TI(11<Vv' <23)-X' ¥+ (v"=0) transition have been In this respectthe COAI(v')-X'X T (v” = 0) transition is ex-
measured using monochromatized synchrotron radiation froéramely favourable since the band oscillator strengths vary over
the LURE-SuperACO facility as background source. The ab-orders of magnitude when v’ varies between 0 and 23. This has
sorption spectra were analyzed using the simulation-fitting ted¥een put to use for example in the determination of the relative
nique described in an earlier publication (Jolly et al. 1997). Ugbundances of various isotopic forms of CO by comparing the
to v’=20, the results are in good agreement with very receetinction of a set of strong and a set of weak bands of the rare
ab initio calculations (Spielfiedel et al. 1999) and VUV laseand normal varieties respectively (Wannier et al. 1982; Sheffer
measurements( Stark et al. 1998). For v'=23 which is measuedal. 1992; Lambert et al. 1994). The isotopic ratio deduced
here for the first time, and for v'=21 the measured oscillatolepends directly on the relative value of the oscillator strengths
strengths are found to be significantly larger than the calculate@asured for the two sets of bands used.
ones. Combining experimental and calculated results, a set of The band oscillator strengths needed to determine absolute
recommended oscillator strengths is proposed. column densities have been measured by different techniques
and calculated ab initio. Three experimental techniques have
Key words: molecular data—ISM: molecules — ultraviolet: ISMbeen used: electron energy loss (Chan et al. 1993; Zhong et al.
1997), band averaged lifetime measurements (Field et al. 1983)
and optical absorption (Eidelsberg et al. 1992; Smith et al. 1994;
1. Introduction Fg(_jerman et_al. 1997; Jolly et al. 1997;_Stark et al. 1998). Ab
initio calculations have been made by Kirby & Cooper (1989),
Being the second most abundant molecule in the interstel@iantranoupong et al. (1992) and Spielfiedel et al. (1999, this
medium, CO is widely used in place of;Hvhich is not de- ssue, hereinafter AS). A thorough review of all the data avail-
tectable as a tracer of molecular density. Mapping the integble before 1997 can be found in the papers by Eidelsberg et
sity emitted by CO in the millimeter or infrared wavelengtial. (1992) and Chan et al. (1993). Only the most recent and/or
ranges allows a qualitative determination of the spatial distribie most comprehensive sets of data are considered below. Jolly
tion of molecular species over extended regions. Quantitatéeal. 1997 (hereinafter: AJ) discuss the merits and drawbacks
column densities, however, are obtained, for discrete linesgffthe various experimental techniques. The optical absorption
sight, by measuring the optical absorption of CO in the vacuugthnique appears as the most straightforward, provided the line
ultraviolet (VUV). Such measurements have become accesgituration effects can be thoroughly taken into account in the
ble with the advent of spectrographs observing from above tigta analysis. This effect was discussed at some length in AJ
atmosphere on board the Copernicus, International Ultraviolgid by Malmasson et al. (1994). Briefly, it appears as a progres-
Explorer (IUE) and Hubble Space Telescope (HST), Far Wive decrease of the slope of the measured integrated and peak
traviolet Spectroscopic Explorer (FUSE) satellites (Morton &bsorption vs. optical depth curves. This is due to the non linear
Noreau, 1994 and references therein, concerning FUSE see $alure of the convolution of the exponential absorption spec-
now etal. 1996). The precision of this technique is best when tfigm with the instrument function. The saturation increases as
lines or bands used for the measurement are not too saturafigd ratio of the instrument to line width increases. The simplest
In view of the wide range of column densities encountered, @y to eliminate the errors due to line saturation is to reduce the
optical depth (i.e. the pressure) and to extrapolate to zero opti-
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cal depth. When the instrumental width is large this may entgibod agreement with one another and with the new ab initio
working at extremely low peak absorptions and the signal/noisalculations of AS. It is found that, considering the amount of
ratio will set the low pressure limit and ultimately the precisiononverging information now available, it is reasonable at this
of the absorption measurements. Jolly et al. (1997) showed thpatint to propose a new set of recommended oscillator strengths
by simulating the absorption spectra including the line saturfar the A'TI(v’)-X!X+ (v = 0) bands replacing those of Mor-
tion effect and least squares fitting the simulated spectra to tha & Noreau (1994).

observed ones, itwas possible to obtain reliable absorption cross

sections even in the presence of strong line saturation effects.

In that work the ratio of true to apparent band integrated cra3sExperiments

sections was typically of 5 when the lines were not artificiall
pressure broadened. This strong line saturation effect was du

the fact that the benefit brought by the high spectral resolutighe experiments were conducted on the SuperACO synchrotron
of the VUV laser was partially offset by the relatively low sigring at Orsay using the SA61 beam line. This line is equiped with
nal/noise ratio which led to the use of higher peak absorptiosz metre, f/30 normal incidence concave grating monochroma-
Granted that the simulation-fitting technique can accommg@y. A 1200 lines/mm grating was used with 206 slits. The
date strong saturation situations, it opens the way to high qualight emerging from the 3 metre monochromator traversed a
measurements at low resolution provided the signal/noise raf®@cm long, 100 mm diameter stainless steel cell closed on one
is high enough to measure very low peak absorptions. Thugffd by a Mgk window and on the other by a fused silica win-
appears that, typical synchrotron radiation sources such asdb coated on the inner side with a thin layer of sodium salicy-
LURE-SuperACO ring at Orsay, which delivers high photopte. The visible light emitted by the coating when illuminated
fluxes with good stability at modest resolution, can be quit§, the VUV light fell on a 50mm diameter S20 (multialkali)
suited for such experiments. It is expected that the fitting teghhotocathode photomultiplier tube (PMT) placed immediately
nique will avoid the need for the sometimes risky extrapolatiQgfter the output window. The cell was pumped by a 100 I/s
to zero pressure. Using a synchrotron radiation source opensitiifBomolecular pump. After outgassing, the base pressure was
possibility of measuring A- X(v'-0) transitions up to the highestelow 106 Torr and CO gas (Air Liquide 99.995 purity) was
vibrational level of the A state (v'=23) while the tuning rangéntroduced in the cell from a 100 atm tank fitted with a pressure
of the VUV Laser in its present configuration limited the ranggontroller. Filling pressures ranging from19to 200 Torr were
covered in AJ to K17. measured with one of a pair of capacitance manometer heads of
Studying the high lying vibrational levels of the CO 10 and 1000 Torr full scale sensitivity respectively (Datametrics
state is |mportant in several respects: i) The v’-0 bands abs@#rocell 590Q series, accuracy: 5xP0of full scale).
below 1200A for v’ >16 maklng these bands potentlally very The data were recorded on a PC usmg a home made soft-
useful to observe with the FUSE satellite ii) Their small oscillayare which drove the grating and recorded the signal from the
tor strengths make them useful in the same context for probiggotomultiplier. The DC current from the anode was converted
high column density regions of molecular clouds provided thsy a Keithley type 427 electrometer amplifier into a voltage
dust extinction is not too high. iii) The results provide an eXyhich was read by a 12 bit analog to digital conversion card
perimental verification of ab initio calculations of the electroniEUROSmart Fr. Fastlab). The dynamic range was increased
transition moment over a wider range of internuclear distanqgs;recording simultaneously the data in three channels with dif-
where significant discrepancies exist. These distances gaifidfent gains. The PMT output corresponding to the unabsorbed
importance for transitions involving higher vibrational levels dhackground flux was typically of 1@ A. The time constant of
the ground state. Such transitions may be observed in absorpti@icurrent amplifier was set at 1 msec. The data acquisition rate
when the gas temperature increases and in emission in plasf@s generally set at 3 samples/sec and the wavelength scanning
iv) Often neglected effects have to be taken into account in t§geed at 0.1%/s. The slit widths of the monochromator were
quantitative analysis of the line and band intensities, namef§jgnerally set at 20pm. The instrument width was measured
the breakdown of the r-centroid approximation above}2 ysing the Xe line at 11924 as a standard and found to be of
and the vibration-rotation interaction for v’ abowel7 and J 0.70A. This value is consistently confirmed when it is left free
above~20. in the spectrum fitting procedure described below. The wave-
The experimental part of the present work was conductehgth steps, scanning speed and data averaging windows are
on the LURE SuperACO synchrotron ring using monochromgptimized in order to insure that the instrument width is not
tized light with a spectral line width of 0.5 to 14 The band degraded.
mtegrated absorptlon cross sections of the A-X (V O) transi- Typ|ca| Spectra are d|5p|ayed on F|g 4. |t is seen that ab-
tions were measured for £’ <23. No published results weresorptions of % can be routinely measured. The peak to peak
available for v>>17 when these measurements were undertak@aise of the traces is typically of 0% This is larger than the
In the meantime the results of G.Stark et al.(1998) concerniggpected photon noise which should be in the range of%9.01
v'=13,14,16,18,19,20 and 21 were communicated to US prif a measured count rate of the order ot $0'. The trace noise

to publication. The general conclusion of the present studyiésprobably due mostly to the beam instability compounded by
that up to v'=20 these two recent sets of measurements argedgidual vibrations of the experimental platform.

ét]o Experimental setup
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I . , , I CO A-X (13-0) Band
The determination of line oscillator strengths from absorptic g | Line width : 3 mA (Gaussian) -
spectra is based on the Beer- Lambert law 2

I(\) = Iy(A)e ™™

2.2. Data analysis

n

o, (13,0)=0.486 10" cm® A 1
6 Cell length : 10 cm -
Pressure : 5 Torr i
wherel andI, are the transmitted and incident intensities r(;E' 4 -
spectively andr(\) is the optical depth profile of the feature@-

(line or band): )

a
2 -
7(\) = nlo(A\) = NopF(\) = 8.85 x 1072 \2NFF()) . I ‘ J “ M ” |\ Ly,

™

Optical

where: n is the volume density of the absorbing particles in t - ! :
medium (in cnT®), | its length (in cm) and N=n | its column _ F ' I ' : ' : '
density (in cnr2). o(\) ando are respectively the absorptior— ¢ 15[ 10 Torr CO A-X (13-0) Band
cross section profile and the line integrated absorption crcs [ Line width 3 mA (Gaussian) 1
section (in crd and cn? A respectively) F(\) is the normalized = Inst. width: 700 mA (Gaussian]
profile ([ F(A\)d\ = 1) and f is the oscillator strength of the o, (13,0)= 0.486 10" cm’A
feature ) is the wavelength ir. cell length : 10 cm
Experimentally, in the ideal case where the instrumental re
olution is infinite,7(\) is obtained directly from the transmitte
intensity:

T(A) =loge(Io(N)/I(N))

and the integrated cross section and oscillator strength are
duced from the area under the profile\) of the feature:

app.
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h:T
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Apparent optical
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/T()\)CD\:NUT / F(A\)dA=Nop=8.85x 107" \*N f Fig. 1a and b. Simulated absorption spectra of the A-X (13-0) band
a Intrinsic absorption spectrunt. Convolution of the intrinsic band
However, as discussed in AJ, the applicability of this prabsorption spectrum with the instrument profile.
cedure is limited by the line saturation effect that results from
the fact that the measured spectrum is the convolution of the _ . _ ) i
intrinsic absorption spectrum by an instrumental prafe\) ;hse. band integrated absorption cross sections, which are defined

_ Y Ny!
I()\)meas B /P()\ A )I()\ )dA Oy’ v :UT(U/7 U”) = EbandO-T (U/J/a UNJN) :/ O-(/\)dA

band
/ P\ = N)Io(\)e ™M) gy

The line saturation effectis illustrated in Figs. 1 and 2 where
the 13-0 band has been simulated, as described below, for
experimental conditions illustrative of the present set of data

e (V) gyt ie. pressure-lengtb product: §100 Torr.cm and, instrument
[N meas = Io(A) /PO‘ — e dA @) width: A = 700mA. It is seen that the apparent (i.e. measur-

. o ) ] able) parameters are very strongly reduced from the true ones
Itis seen that, in this expression, the absorption spectfiUm  eyen for very small optical depths. It is worth mentionning that
is the argument of an exponential. This expression is differgfie error thus introduced on the band integrated cross section
from the standard (“linear”) convolution that applies when &gfepends on the details of the rotational structure (i.e. intensity
emission spectrum is recorded with a finite instrument widtgistribution in the band, line overlaps...) and not only on the in-
While the standard convolution conserves the area of the specifament to line width ratio. Therefore it is not possible to build

features, the “non-linear” convolution involving an exponentigy ,rve of growth that could be used for all the bands, so that
of the profile, that applies in absorption, does not. This amouRls-n band has to be treated separately.

to a saturation effect that causes both the peak absorption andn most optical absorption experiments the line saturation
the area of the features recovered through the expression  gffect is treated by an extrapolation to zero pressure of the mea-
(N meas = loge(Io /1) _sured cross sections. T_his procedure is applicable as long as R
is not too high. Otherwise it becomes necessary to record the
to be reduced from those of the intrinsic absorption profile. Tlspectra at such low optical depths that the signal/noise ratio be-
saturation effect increases withand with the ratio (R) of the comes too low and the precision of the measurements becomes
instrumental to line widths. This effect obviously affects alsmsufficient. It is seen on Fig. 2a that, for an instrumental line

If Io(\) is a slowly varying function
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Rotational Correction Factor : K(v',0,J")
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0 Line width 3 mA -
Hilfe) Instrumental width : 700 mA (Gaussian) 1
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0.5 0,(13,0)= 0.48610™% cm?A — Rotational Quantum Number (J')
. 043_'\- ] Fig. 3. Centrifugal distortion correction factor
S TN ]
8= " ]
2 e 03k N\_ CO A-X (13-0) Band
) u E - ’
§ o . that at J=20 the correction exceed¥/dtbr v' >17. However
s 50 . g the weight of the high J lines in the band integrated cross sec-
s 3 b \ ] tions is relatively low so that the correction exceeéis &ove
§ Jo.af ) u

v'=19 only and reaches)? for v'=23. If the measurement relies
. . . . . . . . heavily on high J lines, as in the work of Stark et al. (1998), the
00 02 04 06 08 10 12 14 16 correction has to be evaluated in every case.

Taking into account the normalized rotational population
distribution ny (J”,v",T) = n(J",v",T)/n(v",T) corre-
Fig. 2a and b. Simulation of the instrumental saturation effects on theponding to the proper temperature, the line integrated cross
A-X (13-0) banda Apparent vs. true band integrated optical depthsections can be written as:

b Variation of the apparent band integrated cross section with true

optical depth. (W' I 0" T

=Iln0",T)o(,v") ()
X{nN(J”, ’UH,T)KQ(U/, ’U//, JH)C2(’U/, J/)S(J/, JO//)}

True band integrated optical depth : nIoT(A)

width of 700 M, i.e. a line width ratio R=233 it is necessary . . .

to reduce the peak optical depth of the band beléwit or- Whereo(v’,v") is the band integrated cross section calculated
der to allow a safe linear extrapolation to zero absorption. THemM the rotationless potential curveg’,_? (v',v”,J") is the
signal/noise ratio of our present experiments would marginafgntrifugal distortion correction terni;~ is the fractionalll-
allow such a procedure. However we have found it much mdgaracter of the upper level of the perturbed line &iid,J") is
expedient to use the simulation-fitting technique that was $B¢ rotational line strength with

up for the CO A-X bands in AJ. This method allows the use (g{e, "o P 1

much stronger absorptions and thus considerably improves 17) =S5 I0)/2(207 + 1)

accuracy of the measured cross sections. for A'TI —! ¥ transition. The Fbnl-London factorsS(J’, J)

The details of the method have been described in AJ (Jollye equal to J’-1, 2J°+1 and J"+2 respectively for P, Q and R
et al. 1997). Briefly, the optically thin absorption spectrum cﬁranches, so that;:S(J’,J") = 1 for unperturbed lines and
each band is calculated using the spectroscopic data of Sif; ,2(,, J/S(J, J) = 1 for perturbed lines (i.e. main + ex-
mons et al. (1969), R.W.Field (1971, 1972) and A. Le Flogl, lines). The term in curly brackets thus represents the normal-
(1987, 1989) which provide, for each line of a band, its posied band spectrum, i.e. such that the sum of the line intensities
tion and the change in its Intensity caused by perturbationsdgals unity. It is placed on an absolute optical depth scale by
terms of its fra@cﬂonaﬂ—charactel(c ). '_I'he line mtensmels are multiplying it successively by the path length, I, the absorber
calculated using the standard intensity factors fofIA-' density in the lower vibrational state of the transition, n(v”,T),

transition multiplied by the propa(ﬁ’_2 factor when needed. For ot the temperature of the experiment, and the rotationless band
high lying vibrational levels the vibration-rotation '”teraCt'O'?ntegrated cross sectiar{v',v").

has to be introduced for high rotational quantum numbers. This The optically thin spectrum of a (v',v") band is then ob-
interaction comes from the centrifugal distortion which appeag§ined by adding at each wavelength the contribution of all the
when the rotational energy is added to the rotationless potentiglividual lines included in the band:

curves (see below). The correction factéf$(v’, v, J') to be

applied for the A-X (v’-0) bands are plotted on Fig. 3. Itis seen(\) = Zpgna7r (V' I, 0" TV F(X = Xy s 1 go7)
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Fig. 4. Experimental and fitted absorption spectra of the 18-0 bandfd@- 5@ and b. Pressure dependence of the 18-0 band measurements.
various pressures a Band area and peak absorptiorCross sections measured through

the subtended area and by the simulation/fitting technique

where F'()\) is the intrinsic line profile. In the present case
the CO pressure is kept low enough to ensure that collisiorral
broadening is negligible and the lines have a Doppler proftie1. CO A-X bands

with a width determined by the experimental temperature. , . .
The optically thin spectrum is then convolved with the inThe (v'-0) band absorption cross sections have been measured

strument profile?()\) according to Eq. (1) in order to obtain thd© 11=V' <23 at pressures va}r_ying from 0.02 to 200 Torr with
calculated spectrum(\) ;.. The instrument profile is taken as? cell length of 48cm. The v'=19 and 22 ban+ds Cofld not be
Gaussian with a width determined largely but not entirely gjj€asured because they are burried undeBthe* — X1 (0-

the slit widths of the monochromator. The calculated spectrfh @nd (1-0) bands. The v'=20 and 23 bands appear as yveak
is least squares fitted to the measured spectrum: features on the far blue wings of the same bands while v'=21

is on the red wing of the B-X(1-0) band. For each band the CO
T(N)meas = logeIo(N)/I(N)

pressure was varied over a range allowing the peak absorption
with the band integrated cross sectisft/, v"") and the instru- to vary from 1 or 2 to about 10%. The band integrated cross
mental width being left free in the fitting procedure.

section was determined both by the simulation/fitting technique
A typical set of experimental and fitted spectra obtained "tﬁe optical depth Iy /T), the baseliné, was determined by fit-

Results and discussion

and by measuring the area under the band. In order to calculate
range of CO pressures is displayed on Fig. 4. Fig. 5a illustrates

INg a smooth curve bridging the baseline across the absorption

the non linear behaviour of the band-integrated and peak Hand. Diagrams similar to that of Fig. 5b were obtained in each

sorptions. Itis seen on Fig. 5b that, over this range of pressur(%ség’ ensuring that line saturation effects were properly taken

the apparent cross section, as deduced from the area subten ; : .
o ) . - acrie of. The results obtained are summarized in Table 1 where
by the band, decreases with increasing pressure while the f|t[ﬁ$

. . £ oscillator strengths are calculated from the cross sections

cross section stays constant. When the pressure is low enOl.tl
. . ﬁrdugh the formula

the apparent cross section tends towards the fitted one and a

linear extrapolation to zero pressure gives a result in agreemgnt,, = 1.13 x 102°A 20,/

with the result obtained by fitting, (where\ is in A andoy, . in cm? ,&). They are compared to

other pertinent experimental and theoretical results in Table 2
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Table 1. Experimental results. Numbers in parentheses are the powers of 10 multiplying the results listed. The Franck-Condon factors used to
calculate f/q are listed in Table 2

v (v-0) CO Pressure  Cross section Oscillator strength Reduced
Bandhead Oscillator strength
2B (Tom v (em® Ay o fur 0/ur0

11 1263 0.02-0.1 2.92 0.29 (-18) 2.0A4-0.20 (-4) 0.382+ 0.04

12 1246 0.04-0.2 1.26 0.13 (-18) 9.1 0.10 (-5) 0.409+ 0.04

13 1230 0.1-0.7 4.86-0.49 (-19) 3.63t+ 0.36 (-5) 0.393t 0.04

14 1214 0.12-1 2.350.23(-19) 1.80+ 0.18 (-5) 0.476+ 0.05

15 1200 0.2-2 1.0% 0.11 (-19)  8.40t 0.84 (-6) 0.542+ 0.05

16 1186 0.5-3 4.6% 0.47 (-20) 3.75+ 0.38 (-6) 0.587 0.06

17 1173 1-15 2.0 0.20 (-20) 1.66+ 0.17 (-6) 0.625+ 0.06

18 1161 1.25-30 1.02 0.10 (-20) 8.54+ 0.85 (-7) 0.763t 0.07

19 1150 - - - -

20 1140 15-55 2.26:0.22 (-21) 1.93+ 0.19 (-7) 0.919+ 0.09

21 1130 30-100 1.26:0.12 (-21) 1.06+ 0.11 (-7) 1.123+0.15

22 1122 - - - -

23 1115 60-200 4.58-0.90 (-22) 4,00+ 0.80 (-8) 1.970f 0.40

Table 2. Comparison of experimental and theoretical band oscillator strengths

Experiment Theory Recommended

values

v’ | This Stark Jolly Zhong Feder- Smith  Chan | Spiel- Kirby q(v’, 0) Morton
work etal. etal. etal. -man etal. etal. | -fiedel & Spielfiedel| & Present

etal. etal. Cooper  etal. Noreau

(1998) (1997) (1997) (1997) (1997) (1994) (1993) (1998) (1989) (1998) (1994)
0 1.66(-2) 1.62(-2)| 1.50(-2) 1.55(-2) 1.217(-1)| 1.62(-2) 1.66(-2)
1 3.38(-2) 3.51(-2)| 3.13(-2) 3.23(-2) 2.276(-1) | 3.51(-2) 3.45(-2)
2 4.02(-2) | 3.59(-2) 3.72(-2) 2.355(-1) | 4.02(-2) 3.95(-2)
3 3.25(-2) 3.47(-2)| 3.02(-2) 3.15(-2) 1.796(-1) | 3.47(-2) 3.33(-2)
4 2.23(-2) 2.42(-2)| 2.09(-2) 2.20(-2) 1.134(-1)| 2.42(-2) 2.30(-2)
5 1.41(-2) 1.45(-2)| 1.27(-2) 1.34(-2) 6.295(-1) | 1.45(-2) 1.40(-2)
6 7.7(-3) 8.05(-3)| 7.03(-3) 7.48(-3) 3.195(-2) | 8.05(-2) 7.76(-3)
7 4.3(-3) 3.5(-3) 4.14(-3) 3.64(-3) 3.90(-3) 1.519(-2) | 4.14(-3) 4.02(-3)
8 2.3(-3) 1.69(-3) 2.02(-3) 1.80(-3) 1.93(-3) 6.892(-3) | 2.02(-3) 1.98(-3)
9 9.61(-4) 7.8(-4) 9.5(-4) | 8.54(-4) 9.24(-4) 3.020(-3) | 9.50(-4) 9.42(-4)
10 4.16(-4) 3.5(-4) 4.1(-4) | 3.96(-4) 4.30(-4) 1.290(-3) | 4.10(-4) 4.36(-4)
11 | 2.07(-4) 2.02(-4) 1.3(-4) 1.7(-4) 1.8(-4)| 1.80(-4) 1.96(-4) 5.416(-4)| 1.80(-4) 1.99(-4)
12 | 9.17(-5) — 6.9(-5) 9.0(-5) | 8.10(-5) 8.83(-5) 2.245(-4) | 9.00(-5) 8.93(-5)
13 | 3.63(-5) 4.04(-5) 3.62(-5) 3.7(-5) 3.63(-5) 3.94(-5) 9.232(-5) | 3.47(-5) 4.00(-5)
14 | 1.80(-5) 1.87(-5) 1.66(-5) 1.5(-5) 1.63(-5) 1.75(-5) 3.783(-5)| 1.44(-5) 1.80(-5)
15 | 8.40(-6) — 7.14(-6) 7.37(-6) 7.74(-6) 1.551(-5)| 5.94(-6) 8.12(-6)
16 | 3.75(-6) 3.86(-6) 3.13(-6) 3.37(-6) 3.43(-6) 6.390(-6) | 2.46(-6) 3.72(-6)
17 | 1.66(-6) — 1.31(-6) 1.56(-6) 1.52(-6) 2.656(-6) | 1.02(-6) 1.72(-6)
18 | 8.54(-7) 8.50(-7) 7.37(-7) 6.77(-7) 1.119(-6) | 4.30(-7) 8.12(-7)
19| — — 3.53(-7) 3.02(-7) 4.795(-7) | 1.83(-7) 3.89(-7)
20 | 1.93(-7) 1.87(-7) 1.72(-7) 1.35(-7) 2.101(-7)| 8.01(-8) 1.90(-7)
21 | 1.06(-7) 9.90(-8) 8.60(-8) 6.07(-8) 9.436(-8) | 3.58(-8) 1.02(-7)
22 | — — 4.42(-8) 2.72(-8) 4.346(-8) | 1.63(-8) 5.64(-8)
23 | 4.00(-8) 2.31(-8) 1.21(-8) 2.031(-8)| 7.88(-9) 3.16(-8)

where only the more recent data sets have been listed. A mer€12. Thus:

complete comparison is available in AJ fgr< 17.
The theoretical results listed have been obtained from the

Ly

initio transition moments using the proper vibrational averaginghere:

and not the r-centroid approximation which breaks down aboY)e

! =

(W) | Re(r)| ¥ (0"))

y = 3.038 X 10"y g(Dyryrr )
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— = = Kirby and Cooper (1989)
| — Spielfiedel et al. (1998)
- Recommended Values

Fig. 6. Comparison of experimental and
1.0 theoretical results. For clarity, the results
for 0<v’' <17 have been replotted on an
AT K : expanded scale. Up to v'=20, the recom-

0.5 mended values are obtained by multi-

plying theab initio results of Spielfiedel
0.1 atal. (1999) by 1.1. For v'=23, the rec-

ommended value is the average of the
A-State vibrational level (v') experimental and theoretical results.
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Reduced oscillator strength :

is the rotationless vibrationally averaged dipole transition mexperimental results seem in better agreement with the ab ini-
ment, R.(r) is the electronic transition moment and g is th#o calculations of Kirby and Cooper (1989). The converse is
statistical weight (g=2 for & «+— X transition). Strictly speak- true between v'=16 and 20. For v'=21 both experimental val-
ing, one should consider rotationally dependent line oscillatoes are significantly above the AS calculations. For v'=23, only
strengths f(v'J’,v"J") calculated from the present experimental value is available. It i%%bove the
P o P theoretical value of AS et al. but the general trend is respected.
D@ 0" J7) = (W (0" J)|Re (r) ¥ (" T7)) We feel that this disagreement could be at least partially due to

However, it is convenient, to express the line oscillator strend@sidual problems connected to the vibrational averaging of the
as the product of a rotationless vibrational term and a rotatiofgnsition moment and more specifically to uncertainties in the
term (Larsson 1983). This is perfectly justified as long as tif¢términation of the RKR potential near the dissociation limit.

centrifugal distortion can be neglected. If such is not the ca§&d, for the time being, the average between the two values

this effect can be introduced as a correction: seems a reasonable guess. _ _
As suggested by Gibson (1998), the available data is well
DWW J " J") =D, o)K@ J " J") represented, up to v'=20, by the results of AS after the latter

have been arbitrarily multiplied by a factor 1.1. This correction
produces a very close fit as can be seen on Fig. 6. It is also
KW' J' " J") = (U J)|Re(r)|¥(v" J")) rs]een tha:jv’:Zl and 23 ;jeviate fromdthc;s curI\I/e. Itis propr?sed
/ " ere to adopt, as a set of recommended oscillator strengths, 1.1
/(U 0)|Re(r)| (", 0)) times the AS values up to v'=20, the average of the experimental
Since we are concerned here with a correction term only, itvglues for v'=21 and the average of the present experiment and
justified to calculate it in the r-centroid approximation and faab initio values for v'=23. These recommended values are listed

with

Q-branch lines only (3'=J"), which yields: in Table 2 and plotted as f/q on Fig. 6.
K(U/J/,U”J/) .
= (T T W (")) /(T 0)[¥(v",0)) 4. Conclusions

The present set of oscillator strength measurements for the
AMI(11 < o' < 23) — X!¥*(v” = 0) transition, combined
[K (W, 0", J))? = q@' I 0" J") /q(',v") with the new ab initio calculations of Spielfiedel etal. (1999, this
o . ) ) issue) and earlier experimental data lead to a hopefully definitive
The ab initio calculations available are those of Kirby &set of recommended oscillator strengths at least for the range
Cooper (1989) and the new ones obtained by AS. The rotatign= ,/ < 29. In this range the majority of the experimental
less Franck-Condon factors listed in Table 2 have been obtaing@ calculated values agree within’d@rror bars. For v'= 21
from the RKR potential curves of thé'TT and X !X states as and 23 the experimental values are significantly larger than the
discussed inAS. . _ calculated ones. This discrepancy is tentatively attributed to mi-
The reduced oscillator strengthg /. 0), introduced in - nor imperfections in the A-state RKR potential which is used
AJ in order to compensate the effect of the strong variation gf ine calculations and which, for v'=23, is slightly above the
the vibrational overlap integrals for the wide range values gfssociation limit and hence difficult to determine.
v'-v” values considered, are plotted in Fig. 6 from the data of
Table 2. This plot reveals a very clear trend that stems froRgknowledgementsThis work was supported in part by CNRS
the agreement of several measurements and theoretical evaligugh the Programme National de Physique et Chimie de la&&Mati
ations for each vibrational level up to v'=20. Below v'=15 thénterstellaire (PCMI). The authors acknowledge the support of LURE

and the correction term introduced in Eq. (2) reads
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