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We report revisited experimentally retrieved and theoretically calculated He-broadened Lorentz halfwidth coefficients and He-pressure-shift coefficients of 45 carbon monoxide transitions in the 10 band. The spectra analyzed in this study were recorded over a range of temperatures between 79 and 296 K. The He-broadened line parameters and their temperature dependences were retrieved using a multispectrum nonlinear least squares analysis program. The line shape models used in this study include Voigt, speed dependent Voigt, Rautian (to take into account confinement narrowing) and Rautian with speed dependence, all with an asymmetric component added to account for weak line mixing effects. We were unable to retrieve the temperature dependence of line mixing coefficients. A classical method was used to determine the He-narrowing parameters while quantum dynamical calculations were performed to determine He-broadening and He-pressure shifts coefficients at different temperatures. The line mixing coefficients were also derived from the exponential power gap law and the energy corrected sudden approximation. The current measurements and theoretical results are compared with other published results, where appropriate.

I.

INTRODUCTION

Carbon monoxide is present as a trace constituent in the Earth and planetary atmospheres, as well as in the interstellar medium (see for example, [START_REF] Draegert | Collisional broadening of CO absorption lines by foreign gases[END_REF][START_REF] Duley | Interstellar Chemistry[END_REF][START_REF] Burton | The Galactic Interstellar Medium[END_REF][START_REF] Tennyson | Astronomical Spectroscopy[END_REF] and references therein). For decades, spectral line shape studies of self-and foreign-broadened ro-vibrational lines of CO have captivated the interest of experimentalists and theoreticians (e.g. [START_REF] Hunt | High-resolution determination of widths of self-broadened lines of carbon monoxide[END_REF][6][START_REF] Bouanich | Mesure des largeurs et des deplacements des raies de la bande 0 → 2 de CO autoperturbe et perturbe par N2, O2, H2, HCl, NO et CO2[END_REF][START_REF] Berger | Rotational cooling by carbon-monoxide in dark clouds[END_REF][START_REF] Varanasi | Measurement of line widths of CO of planetary interest at low temperatures[END_REF][START_REF] Moskalenko | Measurement of intensities and halfwidths of spectral absorption lines of the fundamental 0-1 band of CO[END_REF][START_REF] Varanasi | Measurements of intensities and nitrogen-broadened linewidths in the CO fundamental at low temperatures[END_REF][START_REF] Jr | Pressure broadening of the J = 1 ← 0 transition of carbon monoxide[END_REF][START_REF] Monnanteuil | Pressure broadening of millimeter lines of carbon monoxide[END_REF][START_REF] Boissoles | IOS and ECS line coupling calculation for the CO-He system -influence on the vibration-rotation band shapes[END_REF][START_REF] Green | Accurate collision-induced line-coupling parameters for the fundamental band of CO in He: Close coupling and coupled states scattering[END_REF][START_REF] Mannucci | Heterodyne spectroscopy of carbon-monoxide lines perturbed by hydrogen and helium[END_REF][START_REF] Thibault | Line-byline measurements of interference parameters for the 0-1 and 0-2 bands of CO in He, and comparison with coupled-states calculations[END_REF][START_REF] Duggan | Line-shape analysis of speed-dependent collisional width inhomogeneities in CO broadened by Xe, N2, and He[END_REF][START_REF] Bouanich | Pressure-induced lineshifts in the 1 ← 0 band of CO perturbed by He, Ne, Ar, Xe, O2, and N2[END_REF][START_REF] Henry | Confinement narrowing and absorber speed dependent broadening effects on CO lines in the fundamental band perturbed by Xe, Ar, Ne, He and N2[END_REF][START_REF] Beaky | Pressure broadening and line shift measurements of carbon monoxide in collision with helium from 1 to 600 K[END_REF][START_REF] Thachuk | Line widths and shifts of very low temperature CO in He: a challenge for theory or experiment ?[END_REF][START_REF] Sinclair | Line broadening in the fundamental band of CO in CO-He and CO-Ar mixtures[END_REF][START_REF] Luo | Shifting and broadening in the fundamental band of CO highly diluted in He and Ar: A comparison with theory[END_REF]). Many of these spectroscopic studies have been triggered by the need for highly accurate line parameters for the interpretation of atmospheric spectra recorded by spectroscopic remote sensing instruments on ground, balloon or satellite platforms. A literature review of studies of the CO-He molecular system is given below.

One of the earlier line shape studies of carbon monoxide transitions was by Nerf and Sonnenberg [START_REF] Jr | Pressure broadening of the J = 1 ← 0 transition of carbon monoxide[END_REF] who investigated the carbon monoxide R(0) line located at 115 GHz. The authors measured the pressure broadening coefficients of CO broadened by hydrogen, deuterium, helium, neon, and argon for the J = 1 ← 0 transition at three different temperatures (77 K, 195 K and 294 K). Monnanteuil and Colmont [START_REF] Monnanteuil | Pressure broadening of millimeter lines of carbon monoxide[END_REF] measured the foreign (N2, O2, and He) and self-broadening coefficients of carbon monoxide transitions in the millimeter range (~ 230 GHz) for temperatures in the 220 to 300 K range.

Boissoles et al. [START_REF] Boissoles | IOS and ECS line coupling calculation for the CO-He system -influence on the vibration-rotation band shapes[END_REF] have reported the theoretical line mixing coefficients of CO perturbed by He employing the infinite order sudden approximation (IOSA) and the energy corrected sudden approximation (ECSA) techniques. Green et al. [START_REF] Green | Accurate collision-induced line-coupling parameters for the fundamental band of CO in He: Close coupling and coupled states scattering[END_REF] have computed the theoretical off-diagonal collision induced broadening cross sections for the 10 band of CO broadened by helium. The authors have compared experimental spectra of CO broadened by He recorded at temperatures of 78-292 K with spectra calculated line-by-line with contributions from theoretical line mixing. The helium and hydrogen broadened pressure -shift coefficients in carbon monoxide absorption spectra have been measured by Mannucci [START_REF] Mannucci | Heterodyne spectroscopy of carbon-monoxide lines perturbed by hydrogen and helium[END_REF] for three ro-vibrational lines, P [START_REF] Berger | Rotational cooling by carbon-monoxide in dark clouds[END_REF], R [START_REF] Duley | Interstellar Chemistry[END_REF], and R [START_REF] Boissoles | IOS and ECS line coupling calculation for the CO-He system -influence on the vibration-rotation band shapes[END_REF], of the fundamental band in the infrared region. An infrared heterodyne spectrometer with a spectral resolution of 20 MHz was used in this study.

The line mixing parameters and pressure-induced shift coefficients from room-temperature CO spectra broadened by He in the 10 and 20 bands have been measured and calculated by Thibault et al. [START_REF] Thibault | Line-byline measurements of interference parameters for the 0-1 and 0-2 bands of CO in He, and comparison with coupled-states calculations[END_REF]. Pressure broadening coefficients were also measured at room temperature and at 85 K in the 10 band in the latter study. The authors compared their experimental results with theoretical values [START_REF] Green | Accurate collision-induced line-coupling parameters for the fundamental band of CO in He: Close coupling and coupled states scattering[END_REF] obtained from quantum dynamical calculations. Duggan et al. [START_REF] Duggan | Line-shape analysis of speed-dependent collisional width inhomogeneities in CO broadened by Xe, N2, and He[END_REF] have studied the high resolution (10 -4 cm -1 ) infrared spectra of carbon monoxide diluted by Xe, N2, and He in the intermediate pressure range. The high signal-to-noise ratio of the spectra (~ 2000:1) allowed the authors to quantify the speed dependent collisional broadening effects on the retrieved line parameters. A Fourier transform spectrometer was used by Bouanich et al. [START_REF] Bouanich | Pressure-induced lineshifts in the 1 ← 0 band of CO perturbed by He, Ne, Ar, Xe, O2, and N2[END_REF] to record the absorption spectra of CO diluted by He, Ne, Ar, Xe, O2, and N2 in the 1←0 band. The authors compared their experimental pressure-shift coefficients with the theoretical computations using a semi-classical model.

Henry et al. [START_REF] Henry | Confinement narrowing and absorber speed dependent broadening effects on CO lines in the fundamental band perturbed by Xe, Ar, Ne, He and N2[END_REF] used a tunable diode laser spectrometer system attached to a Michelson interferometer to measure the R [START_REF] Beaky | Pressure broadening and line shift measurements of carbon monoxide in collision with helium from 1 to 600 K[END_REF], R [START_REF] Sinclair | Line broadening in the fundamental band of CO in CO-He and CO-Ar mixtures[END_REF] and R [START_REF] Luo | Shifting and broadening in the fundamental band of CO highly diluted in He and Ar: A comparison with theory[END_REF] transitions of the fundamental band of CO perturbed by He, Ne, Xe and N2 at pressures between 10 and 600 Torr. The authors have retrieved the broadening, narrowing and pressure induced shift parameters using several line shape models such as the Voigt, Galatry (i.e. soft collision model) and Rautian (i.e. hard collision model). They also analyzed those spectra and compared the results with two new semi-empirical models generated by the convolution of Lorentzian with soft and hard collision models.

Beaky et al. [START_REF] Beaky | Pressure broadening and line shift measurements of carbon monoxide in collision with helium from 1 to 600 K[END_REF] have measured the pressure broadening and shift parameters for the R(0) and R(1) pure rotational transitions of CO broadened by helium for temperatures between 1 and 600 K using the collisional cooling technique. Simultaneous close-coupling (CC) calculations of these parameters performed by Thachuk et al. [START_REF] Thachuk | Line widths and shifts of very low temperature CO in He: a challenge for theory or experiment ?[END_REF] on different potential energy surfaces (PES) were shown to lead to good agreement with the measured values down to about 12 K. Below an important mismatch between calculated and measured values is observed even using the best PES.

Sinclair et al. [START_REF] Sinclair | Line broadening in the fundamental band of CO in CO-He and CO-Ar mixtures[END_REF] published the CO-He broadening coefficients for 39 lines in the P and R branches of the fundamental band using a difference frequency laser spectrometer with spectral resolution of 2 MHz. This experimental setup allowed them to record spectra with signal-to-noise ratio of 3000:1 at 301.5 K using a temperature stabilized gas absorption cell. The authors investigated the absorption spectra using the soft collision model. The room temperature broadening and shift parameters of CO broadened by He and Ar were measured by Luo et al. [START_REF] Luo | Shifting and broadening in the fundamental band of CO highly diluted in He and Ar: A comparison with theory[END_REF] for several R-and P-branch transitions in the same band. The difference frequency laser spectrometer used in their study was a modified, 3-channel version of the spectrometer described in Ref. [START_REF] Sinclair | Line broadening in the fundamental band of CO in CO-He and CO-Ar mixtures[END_REF]. An overall good agreement was observed between the measured results and close coupling dynamical calculations performed on the best available interaction potential. The McMath-Pierce Fourier transform spectrometer facility located at the National Solar Observatory on Kitt Peak was used by Mantz et al. [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF] to record the spectra of CO perturbed by helium. In this study, the authors have investigated the Lorentz pressure-broadening and pressureinduced shift coefficients along with their temperature dependences of P and R branch lines in the 2010 to 2260 cm -1 region for a temperature range between 80 and 297 K. The spectra were analyzed simultaneously using a multispectrum nonlinear least squares fitting technique [START_REF] Benner | A multispectrum nonlinear least squares fitting technique[END_REF].

Studies of helium broadened spectra of less-abundant isotopologues of carbon monoxide gas have also been carried out. For example, a Fourier transform spectrometer system composed of a tunable diode laser (TDL) coupled with a Michelson interferometer was employed by Mantz et al. [START_REF] Mantz | Stabilized Tunable Diode Laser Measurements of the P(2) Line in the 13 CO Fundamental Band Broadened by Helium at Temperatures between 11[END_REF] to measure the spectra of 13 CO broadened by helium over a wide range of temperatures from 11.5 to 298.6 K. For the P(2) line of the fundamental, the authors determined the He-broadened half width coefficient and its temperature dependence. Henry et al. [START_REF] Henry | Confinement Narrowing of the R(0) Line in the 13 CO Fundamental Band Broadened by Helium from Room Temperature down to 40 K[END_REF] have reported the 13 CO-He broadening parameters taking confinement narrowing into account while fitting with the soft collision profile.

Thibault et al. [START_REF] Thibault | Broadening of the R(0) and P(2) lines in the 13 CO fundamental by helium atoms from 300 K down to 12 K: Measurements and comparison with close-coupling calculations[END_REF] have reported the helium broadening coefficients of the R(0) and P(2) transitions of the fundamental band of 13 CO recorded at low temperatures (from 12 K up to room temperature) using a frequency stabilized diode laser system controlled by Michelson interferometer. The authors have determined the broadening coefficients by taking the narrowing effect into account using the Galatry profile. The fits using the soft collision model reproduced the experimental data better than the Voigt profile. The overall good agreement between measured pressure broadening and close coupling (CC) cross sections was observed to improve at temperatures below 30 K.

In this paper, we present the results from a re-analysis of the He-broadened CO spectra in the fundamental band that were previously analyzed using the Voigt profile [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF]. The line shape models used in the present multispectrum analysis include Voigt, Rautian, speed dependent Voigt, and Rautian with speed dependence. In all our analysis steps we have accounted for the weak line mixing effects using the Rosenkranz approach. We were unable to determine the temperature dependences of line mixing coefficients. Our present retrieved He-broadened parameters have been compared with published theoretical results and with previous measurements [START_REF] Thibault | Line-byline measurements of interference parameters for the 0-1 and 0-2 bands of CO in He, and comparison with coupled-states calculations[END_REF][START_REF] Sinclair | Line broadening in the fundamental band of CO in CO-He and CO-Ar mixtures[END_REF][START_REF] Luo | Shifting and broadening in the fundamental band of CO highly diluted in He and Ar: A comparison with theory[END_REF][START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF].

II. EXPERIMENTAL DETAILS

The 19 spectra re-analyzed in this study were first studied in Ref. [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF]. All spectra were recorded with a spectral resolution of 0.0052 cm -1 at the McMath-Pierce experimental facility on Kitt Peak Observatory, Arizona. Two temperature-controlled short absorption cells with path lengths of 0.011313±0.000002 m and 0.043050±0.0005 m and temperature stability of ±0.01 K [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF] were used to record spectra along with two InSb detectors, a cryogenic vacuum pump, and associated electronic instrumentation. The experimental conditions (temperature, pressure, volume mixing ratio, path length and the broadening gas) of the spectra are given in Table 2 of Ref. [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF]. The readers are directed to Ref. [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF] for a full set of experimental conditions and setup.

III. SPECTROSCOPIC ANALYSIS

For our re-analysis, the initial line positions and intensities for 12 C 16 O required for the multispectrum fits were taken from the HITRAN database [START_REF] Rothman | The HITRAN 2012 molecular spectroscopic database[END_REF][START_REF] Goorvitch | Infrared CO line list for the X 1 Σ + state[END_REF], and the initial guesses for Hebroadened widths and shifts were taken from Ref. [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF]. The careful calibration of the spectra described in Ref. [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF] allowed us to obtain highly accurate line positions. The 19 spectra recorded at various temperatures and pressures, as in Ref. [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF], were fitted simultaneously covering the entire spectral range of the fundamental band, using an interactive multispectrum fitting software [START_REF] Benner | A multispectrum nonlinear least squares fitting technique[END_REF], with no position and intensity constraints applied in the present study. To allow the readers to see the details of our spectra, in Fig. 1 we present the fit results for a section in the R-branch, nearby the R(9) line. The line parameters were retrieved using the Voigt, Rautian, speed dependent Voigt and Rautian with speed dependence line shape models. An asymmetric component that accounts for weak line mixing effects was added to the model profiles. The line mixing formalism will not be detailed here (see for example Refs. [START_REF] Thibault | Line-byline measurements of interference parameters for the 0-1 and 0-2 bands of CO in He, and comparison with coupled-states calculations[END_REF][START_REF] Pine | N2 and air broadening in the fundamental bands of HF and HCl[END_REF][START_REF] Rosenkranz | Shape of 5 mm oxygen band in atmosphere[END_REF] and references therein).

We report retrievals for He-broadened line shape parameters and where possible, we provide their temperature dependences. The equations governing the retrievals of these line parameters are presented below [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF]:
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In Eqs. ( 1) to (3), γ 0 and δ 0 are the broadening and shift coefficients at the reference temperature T0 (296 K) and pressure po (1 atm); γ(p, T) represents the Lorentz Half Width measured at Half Maximum (HWHM) at temperature T and pressure p; χ is the volume mixing ratio of CO; n1 and n2 are the temperature dependence exponents of (helium and self) broadening coefficients, respectively; ′ corresponds to the temperature dependence of the pressure-induced shift coefficient [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF].

An effect that appears under certain experimental conditions is the collisional narrowing of the line shape. For all molecules, in the pressure regime where the average path of the free moving molecules becomes equal to or less than the incident light's wavelength, the spectral lines have been observed to be narrower than predicted by the Voigt line shape. The pressure range for which this effect is observed is known as the "narrowing regime" and the effect is also called the Dicke narrowing effect. The narrowing effect has been included in the present multispectrum fit using the line shape described in Refs. [START_REF] Thachuk | Line widths and shifts of very low temperature CO in He: a challenge for theory or experiment ?[END_REF][START_REF] Sinclair | Line broadening in the fundamental band of CO in CO-He and CO-Ar mixtures[END_REF][START_REF] Luo | Shifting and broadening in the fundamental band of CO highly diluted in He and Ar: A comparison with theory[END_REF] of Ref. [START_REF] Pine | N2 and air broadening in the fundamental bands of HF and HCl[END_REF]:

𝜅(𝜈) = 𝑅𝑒 ( 𝐸(𝑥,𝑦+𝑒) 1-√𝜋𝑒𝐸(𝑥,𝑦+𝑒) ), (4) 
where, the parameter e is the collisional narrowing parameter, E(x,y) = K(x,y) + iL(x,y) is the complex error function, and Re means the real part. Benner et al. [START_REF] Benner | A multispectrum nonlinear least squares fitting technique[END_REF] present how the fits using the Voigt profile are handled in the multispectrum analysis.

The line broadening and pressure-induced shifts are known to be affected by the velocity of optically active gas molecules. It is possible to take into account the asymmetry due to the Maxwell-Boltzmann velocity distribution in the line shape while modeling the spectra employing the speed dependent Voigt profile. The speed dependent line parameters can be determined from simultaneous fitting of several spectra using the nonlinear least square multispectrum fitting program with either the speed dependent Voigt line shape, or the Rautian line shape model including speed dependence. The speed dependence of the pressure broadening coefficients is accounted using a quadratic dependence on absolute velocity  of the optically active molecule [START_REF] Rohart | Speed dependence of rotational relaxation induced by foreign gas collisions -studies on CH3F by millimeter-wave coherent transients[END_REF][START_REF] Rohart | Self and Polar Foreign Gas Line Broadening and Frequency Shifting of CH3F: Effect of the Speed Dependence Observed by Millimeter Wave Coherent Transients[END_REF][START_REF] Wehr | Dicke-narrowed spectral line shapes of CO in Ar: Experimental results and a revised interpretation[END_REF][START_REF] Devi | Line mixing and speed dependence in CO2 at 6348 cm -1 : Positions, intensities, and air-and self-broadening derived with constrained multispectrum analysis[END_REF][START_REF] Devi | Spectral line parameters including temperature dependences of self-and air-broadening in the 2←0 band of CO at 2.3 μm[END_REF]:
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where  0 is the thermally averaged pressure broadening coefficient. [START_REF] Rohart | Speed dependence of rotational relaxation induced by foreign gas collisions -studies on CH3F by millimeter-wave coherent transients[END_REF][START_REF] Rohart | Self and Polar Foreign Gas Line Broadening and Frequency Shifting of CH3F: Effect of the Speed Dependence Observed by Millimeter Wave Coherent Transients[END_REF]. The parameter 2 is set to 0 if the speed dependence is not taken into account. The speed dependence of the shift can be implemented similarly (we do not have this capability, though). After plugging this expression in the Voigt model and integrating over all possible values for molecular speeds, the real (Ks) and imaginary (Ls) parts of the line shape function become:
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where S is the line shape.

In our study we have attempted to retrieve the speed dependence parameters for all 45 studied transitions. The remaining weaker transitions had the speed dependence parameter fixed to 0.08. The 0.08 value was chosen based on experimental values of speed dependence parameters retrieved for the CO molecule in the 20 band of CO [START_REF] Devi | Spectral line parameters including temperature dependences of self-and air-broadening in the 2←0 band of CO at 2.3 μm[END_REF]. To our knowledge there are no reported values for speed dependence coefficients in the 10 band of CO. In Figure 1 we present a section of the R-branch analyzed with a multispectrum fitting technique using the speed dependent Voigt profile with an asymmetric component to account for weak line mixing. We have ignored the temperature dependence of speed dependence in our study. In a recent study, Lisak et al. [START_REF] Lisak | Quadratic speed dependence of collisional broadening and shifting for atmospheric applications[END_REF] have proposed a model for the theoretical temperature dependence of speed dependence. When a larger set of He-broadened CO spectra at higher optical densities and covering many temperatures become available, we will be able to test this model.

IV. THEORETICAL CALCULATIONS

First, all quantum dynamical calculations were performed, for the work presented in Ref. [START_REF] Luo | Shifting and broadening in the fundamental band of CO highly diluted in He and Ar: A comparison with theory[END_REF], on the 3-dimensional potential energy surface (PES) for the 12 C 16 O-He system proposed by Heijmen et al. [START_REF] Heijmen | New He-CO interaction energy surface with vibrational coordinate dependence .1. Ab initio potential and infrared spectrum[END_REF] in order to provide close-coupling pressure broadening and shift cross sections. These kinetic energy dependent cross sections provided the pressure broadening and shift coefficients at 296 K given in Ref. [START_REF] Luo | Shifting and broadening in the fundamental band of CO highly diluted in He and Ar: A comparison with theory[END_REF] for some lines of the fundamental band. Obviously, such calculations allow the determination of the latter parameters at various temperatures (see Eq.(1) of Ref. [START_REF] Luo | Shifting and broadening in the fundamental band of CO highly diluted in He and Ar: A comparison with theory[END_REF]), what has been done for the present work. Additional calculations were devoted to purely rotational R lines to predict the odd component of the ro-vibrational shifts [START_REF] Luo | Shifting and broadening in the fundamental band of CO highly diluted in He and Ar: A comparison with theory[END_REF] (see Sect. V). Assuming that the even component (Fig. 3b of [START_REF] Luo | Shifting and broadening in the fundamental band of CO highly diluted in He and Ar: A comparison with theory[END_REF]) has a purely vibrational origin resulting from the difference between the isotropic parts of the PES in the ground and in the first excited vibrational states and is therefore J-independent, we were able to retrieve the shift coefficients in the fundamental (at least at room temperature). A mean theoretical value for this even component is about -0.00048 cm -1 atm -1 (see Fig. 3b of [START_REF] Luo | Shifting and broadening in the fundamental band of CO highly diluted in He and Ar: A comparison with theory[END_REF]). Moreover, the half width at half maximum (HWHM) is nearly vibrationally independent [START_REF] Thibault | Broadening of the R(0) and P(2) lines in the 13 CO fundamental by helium atoms from 300 K down to 12 K: Measurements and comparison with close-coupling calculations[END_REF], we thus also present some results of our calculations performed in the vibrational ground state to complete our data analysis.

Second, to provide calculated values of the narrowing parameters we have followed the classical method and relations given in Ref. [START_REF] Henry | Confinement narrowing and absorber speed dependent broadening effects on CO lines in the fundamental band perturbed by Xe, Ar, Ne, He and N2[END_REF][START_REF] Hirschfelder | Molecular Theory of Gases and Liquids[END_REF]. Assuming that the velocity-changing collisions are independent of the dephasing ones related to the internal states changes, the Dicke narrowing parameter (in cm -1 ) may be fixed to [START_REF] Henry | Confinement narrowing and absorber speed dependent broadening effects on CO lines in the fundamental band perturbed by Xe, Ar, Ne, He and N2[END_REF][START_REF] Thibault | Broadening of the R(0) and P(2) lines in the 13 CO fundamental by helium atoms from 300 K down to 12 K: Measurements and comparison with close-coupling calculations[END_REF]:

12 2 0 4 cD p diff     (9)
In Eq. ( 9) p  is the most probable speed of the radiative molecule of mass m1 and D12 (cm 2 s -1 ) is the binary mass diffusion coefficient [START_REF] Thibault | Broadening of the R(0) and P(2) lines in the 13 CO fundamental by helium atoms from 300 K down to 12 K: Measurements and comparison with close-coupling calculations[END_REF][START_REF] Hirschfelder | Molecular Theory of Gases and Liquids[END_REF]:
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In Eq. ( 10), D12 is expressed in terms of a dimensionless reduced collision integral (1,1) 12 12

() T  tabulated in Ref. [START_REF] Hirschfelder | Molecular Theory of Gases and Liquids[END_REF] where T12 is a reduced temperature equal ( kB 12 T/ ) with 12 being the well depth of an isotropic potential. Furthermore, 12 and 12 are scaling parameters for the isotropic part (Viso) of the molecular potential. 12  (in Å) is an equivalent Lennard Jones 6-12 sigma parameter for which Viso( 12 ) = 0. The parameters of the isotropic part, in the ground vibrational state of CO, of the potential energy surface (PES) proposed by Heijmen et al. [START_REF] Heijmen | New He-CO interaction energy surface with vibrational coordinate dependence .1. Ab initio potential and infrared spectrum[END_REF] are 12/ kB = 22.23 K and 12  = 3.41 Å. Note that these parameters are slightly different from those used in Ref. [START_REF] Thibault | Broadening of the R(0) and P(2) lines in the 13 CO fundamental by helium atoms from 300 K down to 12 K: Measurements and comparison with close-coupling calculations[END_REF]. Other terms in Eq. ( 10) include the total gas pressure P in atm, m1 is the mass of carbon monoxide molecule (27.995 g/mol ) and m2 is the mass of helium (4.0036 g/mol). Combining Eq. ( 9) and ( 10) the narrowing parameters, in units of cm -1 atm -1 , at the temperatures of interest may be written [START_REF] Henry | Confinement narrowing and absorber speed dependent broadening effects on CO lines in the fundamental band perturbed by Xe, Ar, Ne, He and N2[END_REF][START_REF] Thibault | Broadening of the R(0) and P(2) lines in the 13 CO fundamental by helium atoms from 300 K down to 12 K: Measurements and comparison with close-coupling calculations[END_REF]:

𝛽 𝑑𝑖𝑓𝑓 0 = 0.1664√ 2𝑚 2 𝑚 1 (𝑚 1 +𝑚 2 ) 𝜎 12 2 Ω 12 (1,1) (𝑇 12 ) √𝑇 (11) 
As determined, the narrowing parameter calculated above can be used for comparisons with the optical narrowing parameter retrieved through the line shape analysis. The difference between the later and the one deduced from the mass diffusion coefficient has been discussed in Ref. [START_REF] Corey | Dicke narrowing and collisional broadening of spectral-lines in dilute molecular gases[END_REF][START_REF] Blackmore | A modified Boltzmann kinetic equation for line shape functions[END_REF] and more recently in Ref. [START_REF] Wehr | Dicke-narrowed spectral line shapes of CO in Ar: Experimental results and a revised interpretation[END_REF]. In Table 1 we present the values of the the narrowing parameter 0 diff  , calculated for temperatures between 10 and 400 K. In the present study we make the approximation that the optical narrowing parameter and the one derived through Eq. ( 9)-( 11) are identical.

V. COMPARISONS OF RETRIEVED LINE PARAMETERS WITH THEORETICAL AND

PUBLISHED VALUES As mentioned earlier, we have analyzed our spectra using the Voigt, Rautian, speed dependent Voigt, and Rautian with speed dependence line shapes accounting for line mixing [START_REF] Rosenkranz | Shape of 5 mm oxygen band in atmosphere[END_REF]. In the fits performed using the Rautian and Rautian with speed dependence model, we have fixed the narrowing parameter due to the Dicke effect to the calculated value at room temperature and presented in Table 1. In our multispectrum analysis, the line intensities were measured line-by-line. Since the main purpose of our work was to study He-broadened line shape parameters we have not performed a detailed analysis of line intensities to the extent of retrieving the band strength, transition dipole moments, and the Herman-Wallis coefficients. The line parameters for the weak transitions corresponding to the 21 band were fixed to the HITRAN values [START_REF] Rothman | The HITRAN 2012 molecular spectroscopic database[END_REF], except for the He-broadening parameters that were fixed to the values reported in Ref. [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF]. We present our retrieval results in a set of tables and figures.

Table 2 presents our results for line positions and line intensities. In Figure 2 we compare our retrieved line positions with those of a multispectrum fit [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF] where line positions and line intensities were constrained to known theoretical quantum mechanical expressions, and with the line positions listed in the HITRAN2012 database [START_REF] Rothman | The HITRAN 2012 molecular spectroscopic database[END_REF][START_REF] Goorvitch | Infrared CO line list for the X 1 Σ + state[END_REF]. In both panels the results are presented as a function of the rotational quantum index m. m = -J″ for P-branch transitions, m = J″+1 for R-branch transitions, where J″ is the lower state rotational quantum number. Our present retrieved line positions are about 3.610 -5 cm -1 below the line positions obtained in the constrained multispectrum fit [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF]. When compared with the line positions reported in the HITRAN2012 database [START_REF] Rothman | The HITRAN 2012 molecular spectroscopic database[END_REF], our line positions are about 1.5810 -4 cm -1 lower. Panel (B) presents the uncertainties of the retrieved line positions plotted on a logarithmic scale. The uncertainties increase for |m| < 3 and |m| > 15.

In Table 2 we present our retrieved line intensities for transitions in the 10 band in cm/molecule at 296 K. In Fig. 3 we have plotted our measured line intensities as a function of m on linear and logarithmic scales. Our measurements are overlaid with the corresponding line intensities from the HITRAN2012 database [START_REF] Rothman | The HITRAN 2012 molecular spectroscopic database[END_REF] in panels (A) and (B) while in panel (D) we present the ratios between the line intensities in the HITRAN2012 database [START_REF] Rothman | The HITRAN 2012 molecular spectroscopic database[END_REF] and our measured intensities. Panel C presents the trend in uncertainties in our measured line intensities vs. |m|.

The retrieved broadening parameters obtained with the four line shape models and including line mixing are presented in Table 3. The four sets of experimental He-broadening coefficients have been fitted to a semi-empirical power law polynomial expression of the form [START_REF] Predoi-Cross | Line broadening and the temperature exponent of the fundamental band in CO-N2 mixtures[END_REF]:
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        4 5 3 4 2 3 2 1 ln ln ln ln m a m a m a m a a       . ( 13 
)
The expansion coefficients a1 to a5 are presented in Table 4 for the Voigt, Rautian, speed dependent Voigt, and speed dependent Rautian line shape models. In Table 3 we also include the theoretical values resulting from close coupling calculations for He-broadening coefficients and their temperature dependence exponents. The CC He-broadening coefficients of some pure rotational lines included in Table 3 highlight the fact that the vibrational dependence of the broadening coefficients is very weak.

Our discussion of He-broadening coefficients and their temperature dependences is completed by Figures 4 and5. In panel (A) of Fig. 4, we compare our measurement results for He-broadening with the corresponding air-broadening and self-broadening coefficients from HITRAN2012 database [START_REF] Rothman | The HITRAN 2012 molecular spectroscopic database[END_REF]. It can be noticed that there is a considerable difference in size between the broadening coefficients for the three types of perturbers. He-broadened line shape parameters are important for many target molecules (e.g., CO, CH4) that are trace constituents of planetary atmospheres where He is a predominant gas. This will ensure proper interpretations of atmospheric remote sensing spectra recorded for these planets.

In panel (B) we display our measured He-broadening coefficients along with previous published data [START_REF] Thibault | Line-byline measurements of interference parameters for the 0-1 and 0-2 bands of CO in He, and comparison with coupled-states calculations[END_REF][START_REF] Sinclair | Line broadening in the fundamental band of CO in CO-He and CO-Ar mixtures[END_REF][START_REF] Luo | Shifting and broadening in the fundamental band of CO highly diluted in He and Ar: A comparison with theory[END_REF][START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF]. The theoretical and calculated (using Eqs. ( 12) and ( 13)) He-broadening coefficients are overlaid in panel (C) of the same figure. Rescaling the experimental line widths measured at 85 K in Ref. [START_REF] Thibault | Line-byline measurements of interference parameters for the 0-1 and 0-2 bands of CO in He, and comparison with coupled-states calculations[END_REF] to 79 K by using the n exponent given in Fig. 5 we have found them to be in good agreement with our observed half widths recorded at 79 K. The differences between our measured He-broadening coefficients and corresponding calculated values using either the power law polynomial fit or the close coupling method, are presented in panels (D) and (E) of Fig. 4. We can observe from Figure 4E that the agreement between observed He-broadening coefficients and those calculated using the close coupling method is very good for all temperatures and |m| values.

Figure 5 presents our results for temperature dependence exponents for He-broadening coefficients of CO transitions in the 10 band. Overlaid with these experimental results are the corresponding values from Mantz et al. [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF] where the same spectra were used. There are minor differences between our reported values and those of Ref. [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF] and we attribute them to the fact that the analysis in Ref. [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF] is a constrained multispectrum fit whereas the one in the present study is unconstrained with the inclusion of line mixing. Also displayed are the theoretical temperature dependence exponents for He-broadening. These exponents are obtained using Eq. ( 1) from theoretical CC He-broadening coefficients computed for five different temperatures (79, 143, 183, 231, and 296 K). These theoretical temperature dependence exponents are all close to 0.54 and slightly different from the classical 0.5 limit value to be used when experimental temperature dependence exponents for broadening coefficients are not available, especially at high temperature for the highest J values.

Table 5 presents our measurements for He-induced pressure shift coefficients. The listed errors are one standard deviation internal uncertainties. The trends in the measured room temperature Hepressure-shift coefficients as a function of m, comparisons with published measurements and theoretical CC calculations for He-induced pressure shift coefficients are shown in panels (A) and (B) of Figure 6. One important observation is the very small magnitude of He-shift coefficients compared to the corresponding air-shift coefficients. From quantum dynamical calculations performed on the CO-He PES we have derived the theoretical He-induced pressure shift coefficients at the five different temperatures mentioned earlier (79, 143, 183, 231, and 296 K). Noticeable are the different trends as a function of |m| for the He-shifts corresponding for the P-branch and R-branch transitions, shown in panel (C). Figure 6D compares the experimental shift coefficients with the close coupling values at different temperatures. The agreement between the two sets of He-pressure shifts gets worse at very low temperatures. However, the calculations predict a very small temperature dependence of the shifts for the temperature range 79-296 K, an experimental behavior that is observed. This is expected because the maximum well depth of the CO-He interacting potential (~20 K) is considerably below the lowest temperature of our gas system (79 K).

In a study of diatomic molecules, Herman [START_REF] Herman | Impact theory of noble-gas-broadened HCL vibration-rotation lines[END_REF] suggested exploring the ability of a given potential energy surface to model the observed broadening and shift coefficients, using the even (e) m and odd (o) m components of the shifts:
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In panels (E) and (F) of Fig. 6 we have plotted the even and odd m components of both measured and theoretical He-pressure shifts at room temperature. The pattern observed in the even m component (Eq. [START_REF] Green | Accurate collision-induced line-coupling parameters for the fundamental band of CO in He: Close coupling and coupled states scattering[END_REF] and shown in panel (E)) suggests that it is mostly the difference between the two isotropic components of the interaction potential in the ground and first excited vibrational states that contributes to it (see appendix of [START_REF] Luo | Shifting and broadening in the fundamental band of CO highly diluted in He and Ar: A comparison with theory[END_REF]). The odd component of the shifts (Eq. ( 14) and Fig. 6F) is believed to arise from the anisotropic part of the molecular interaction potential (see the discussion in Appendix of Ref. [START_REF] Luo | Shifting and broadening in the fundamental band of CO highly diluted in He and Ar: A comparison with theory[END_REF]). It essentially represents the shifts of pure rotational lines (see Figs. 3C and 6B of Ref. [START_REF] Luo | Shifting and broadening in the fundamental band of CO highly diluted in He and Ar: A comparison with theory[END_REF]). The very small magnitude of the shifts and in particular of their even component prove that the differences between the two isotropic components of the interacting potential in v = 0 and in v = 1 are very small. In other words, that the vibrational motion has a small influence on the shifts for this system. This is due to the triple bond of the CO molecule and thus of the very small dependence with the intramolecular CO motion of the vibrationally averaged CO-He PES at least for the very first vibrational quantum numbers. This also explains why the calculated He-broadening coefficients for pure rotational lines and for lines of the fundamental band are so close.

From our experimental and theoretical data one can easily check that the Herman factor [START_REF] Herman | Impact theory of noble-gas-broadened HCL vibration-rotation lines[END_REF]:
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is indeed a function that does not show a dependence in m, thus increasing the confidence in both our measurements and theoretical calculations for He-broadening coefficients and He-induced pressure shift coefficients. When plotted, the Herman factor corresponding to our results for He-broadening and Heshifts, shows more scatter than the results from Fig. 8 of Ref. [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF], but still no firm dependence on m.

In our study we also investigated the temperature dependence of the He-pressure shift coefficients. The expression used in our line parameter retrievals is given in Eq. (3). Table 5 contains our measurements for temperature dependences of He-shift coefficients. Figure 7 panel (A) displays the patterns in the temperature dependence of the pressure-shift coefficients as a function of m for our results and for published results [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF]. It can be observed that for positive m values the temperature dependence is close to zero. Even more, panel (B) shows a steeper trend in the temperature dependences as a function of m, for P-branch transitions. The temperature dependencies of the He-pressure shifts obtained using close coupling calculations followed a pattern corresponding to a second order dependence in the (T-To) term,
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rather than the one described by Eq. ( 3). Such a pattern has been previously observed for CO-H2 pressure shifts calculated using a semi-classical approach [START_REF] Bouanich | Theoretical calculations for line-broadening and pressureshifting in the fundamental and first two overtone bands of CO-H2[END_REF]. The three sets of expansion coefficients for theoretical temperature dependences for the theoretical results are given in Table 6.

As mentioned earlier, in our multispectrum fits we have accounted for weak (Rosenkranz) line mixing effects [START_REF] Rosenkranz | Shape of 5 mm oxygen band in atmosphere[END_REF]. The results are presented in Figure 8. In addition, we were unable to retrieve the line mixing for the lines P [START_REF] Bouanich | Pressure-induced lineshifts in the 1 ← 0 band of CO perturbed by He, Ne, Ar, Xe, O2, and N2[END_REF] to P [START_REF] Thachuk | Line widths and shifts of very low temperature CO in He: a challenge for theory or experiment ?[END_REF] and for the lines R(20) to R [START_REF] Thachuk | Line widths and shifts of very low temperature CO in He: a challenge for theory or experiment ?[END_REF]. This can be explained by noting that at low temperatures the transitions become weaker due to the Boltzmann distributions.

We have computed the weak He-broadened line mixing coefficients at room temperature using (i) the semi-empirical Exponential Power Gap (EPG) [START_REF] Predoi-Cross | Broadening, shifting, and line asymmetries in the 20 band of CO and CO-N2: Experimental results and theoretical calculations[END_REF][START_REF] Hartmann | Collisional effects on molecular spectra[END_REF] and (ii) the Energy Corrected Sudden (ECS) [START_REF] Predoi-Cross | Broadening, shifting, and line asymmetries in the 20 band of CO and CO-N2: Experimental results and theoretical calculations[END_REF][START_REF] Hartmann | Collisional effects on molecular spectra[END_REF][START_REF] Brunner | Dynamics of the excited state[END_REF] scaling laws. The scaling laws allow us to estimate the diagonal and off-diagonal elements of the relaxation matrix for CO molecules in a bath of helium molecules. We consider transitions between initial state i (Ji,vi=0) to final state f (Jf,vf=1).

The EPG scaling law offers an expression for the collisional transfer rates 𝜅 𝐽 𝑖 ′ ←𝐽 𝑖 (𝑇) from the rotational level Ji to rotational level Ji' that depends on three parameters (a, b, and c) that have to be optimized using nonlinear least squares:

𝜅 𝐽 𝑖 ′ ←𝐽 𝑖 (𝑇) = 𝑎 [ |Δ𝐸 𝑖′𝑖 | 𝐵 ] -𝑏 𝑒𝑥𝑝 ( -𝑐|Δ𝐸 𝑖′𝑖 | 𝑘 𝐵 𝑇 ) . ( 18 
)
∆Ei'i is the energy gap for a downward transition 𝐽 𝑖′ ← 𝐽 𝑖 in cm -1 , B is the rotational constant in the lower energy state. We used the approximation that the collisional rates between rotational levels in the upper vibrational state are the same as the collisional rates between rotational levels of the lower vibrational state. The He-broadening coefficients are the real components of the diagonal elements of the relaxation matrix [START_REF] Predoi-Cross | Broadening, shifting, and line asymmetries in the 20 band of CO and CO-N2: Experimental results and theoretical calculations[END_REF][START_REF] Hartmann | Collisional effects on molecular spectra[END_REF]:

〈〈𝐽 𝑓 𝐽 𝑖 |𝑅𝑒[𝑊]| 𝐽 𝑓 𝐽 𝑖 〉〉 = 𝛾 𝐽 𝑓 ←𝐽 𝑖 = ∑ 𝜅 𝐽 𝑖 ′ ←𝐽 𝑖 𝐽 𝑖 ′ ≠𝐽 𝑖 (𝑇) . ( 19 
)
The and 𝜈 𝐽 𝑓 ←𝐽 𝑖 are line positions for the two transitions, in cm -1 . In the scaling law approach, the off-diagonal elements of the relaxation matrix are determined as:

〈〈𝐽′ 𝑓 𝐽 𝑖 ′ |𝑅𝑒[𝑊]| 𝐽 𝑓 𝐽 𝑖 〉〉 = -𝜂𝜅 𝐽 𝑖 ′ ←𝐽 𝑖 (𝑇), (21) 
for 𝐽 𝑖 ′ ≠ 𝐽 𝑖 with η = 0.55, value selected because it gave the best agreement between the measured and calculated line mixing coefficients. Through a nonlinear least squares software written in Matlab we have retrieved the coefficients that would best reproduce both the measured He-broadening coefficients (through Eq. ( 19)) and the measured line mixing coefficients through Eq. [START_REF] Henry | Confinement narrowing and absorber speed dependent broadening effects on CO lines in the fundamental band perturbed by Xe, Ar, Ne, He and N2[END_REF]. The optimized a, b, c parameters are: 0.015928(4) cm -1 atm -1 , 0.244594(6), and 1.102272(8) for both P-branch and R-branch transitions. The fitted He-line mixing coefficients are presented in Table 7 and Figure 8. It is encouraging to note that the line mixing coefficients calculated with the EPG law agree well with both the experimental values and with the calculated line mixing coefficients reported in Ref. [START_REF] Boissoles | IOS and ECS line coupling calculation for the CO-He system -influence on the vibration-rotation band shapes[END_REF] (through visual inspection of Fig. 6) and in Ref. [START_REF] Thibault | Line-byline measurements of interference parameters for the 0-1 and 0-2 bands of CO in He, and comparison with coupled-states calculations[END_REF] and references therein.

The Energy Corrected Sudden (ECS) approximation [START_REF] Hartmann | Collisional effects on molecular spectra[END_REF][START_REF] Brunner | Dynamics of the excited state[END_REF] is a scaling law obtained by introducing the adiabaticity factor in the Infinite Order Sudden (IOS) approximation [START_REF] Brunner | Dynamics of the excited state[END_REF] 

In the above expression, (:::) and {:::} are the Wigner 3J and 6J symbols. The adiabaticity factor Ω 𝑗 and basic rate 𝑄 𝐿 are described by the following expressions [START_REF] Predoi-Cross | Line broadening and the temperature exponent of the fundamental band in CO-N2 mixtures[END_REF][START_REF] Herman | Impact theory of noble-gas-broadened HCL vibration-rotation lines[END_REF][START_REF] Predoi-Cross | Broadening, shifting, and line asymmetries in the 20 band of CO and CO-N2: Experimental results and theoretical calculations[END_REF]:
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Here J<, J> are the smallest and largest of a pair (Ji, Ji'); Δ𝜔 𝐽 is the energy gap between the rotational states J<, J> or L and the following lower rotational state that can be coupled through inelastic collisions. 𝐸 𝐿 is the rotational energy of level L (L being non-zero); B is the rotational constant; dc is the scaling length that depends on the finite duration of a collision. 𝑣̅ is the mean relative velocity in CO-He collisions , 𝑣̅ = √8𝑘 𝐵 𝑇 𝜋𝜇 ⁄ (𝜇 stands for the reduce mass of the molecular system). The quantities dc, A, λ, and τ are marked as the optimized adjustable parameters that have to be determined. A MATLAB code was developed to implement the ECS approach to generate dc, A, λ, and τ values by fitting the measured broadening coefficients and making sure that the relations (IV.14) and (IV.15) of Ref. [START_REF] Hartmann | Collisional effects on molecular spectra[END_REF] are satisfied. The values dc, A, λ, and τ that best reproduce the measured Hebroadening coefficients are 3.5, 0.0031, 0.72, 0.135. Next, we calculated the line mixing coefficients using the values for dc (cm), A (cm -1 atm -1 ), λ, and τ and Eq. [START_REF] Henry | Confinement narrowing and absorber speed dependent broadening effects on CO lines in the fundamental band perturbed by Xe, Ar, Ne, He and N2[END_REF]. The computed He-line mixing coefficients using the EPG and ECS scaling laws are presented in Table 7 and Figure 8. The line mixing coefficients obtained using the ECS scaling law are more realistic and closer to what we would expect the line mixing coefficients to be.

As mentioned above, we have retrieved the speed dependence parameters (i.e. the 2 terms from Eq. ( 6)), assumed to be temperature independent, for both the Voigt and Rautian profiles and they are presented in Table 8 as a function of m. Due to the smaller optical densities of our spectra, not all the speed dependence parameters are well determined, especially for the weaker high J transitions.

VI. CONCLUSIONS

In this paper we have re-analyzed the spectra used in Ref. [START_REF] Mantz | A multispectrum analysis of widths and shifts in the 2010-2260 cm -1 region of 12 C 16 O broadened by Helium at temperatures between 80 and 297 K[END_REF] using a line-by-line unconstrained multispectrum approach. The He-broadened line shape parameters have been retrieved using the Voigt, speed dependent Voigt, Rautian, and Rautian with speed dependence line shape models. The best agreement was found for the speed dependent models when line mixing is accounted for. We have used close coupling calculations to compute the He-broadening and He-induced pressure shift coefficients. The retrieved line parameters have been compared with previous measurements and the results of theoretical calculations and were found to agree well at different temperatures. The retrieved weak line mixing coefficients have been compared with results of semi-empirical calculations using the Exponential Power Gap law, the Energy Corrected Sudden approximation, and also with published results obtained from quantum dynamical calculations [START_REF] Thibault | Line-byline measurements of interference parameters for the 0-1 and 0-2 bands of CO in He, and comparison with coupled-states calculations[END_REF] and were found to be in satisfactory agreement. Table 1. Values of effective narrowing coefficients ( 0 diff  ) calculated for temperatures between 10 K and 400 K.
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Figure 8. (A) Measured, calculated and previously published

Temperature (K)

 o diff (cm -1 atm -1 ) Broadening coefficients for pure rotational transitions obtained using the closed coupling (CC) method. 

  probable absolute speed of the active molecule of mass m1 at a given temperature. The constant c has been fixed to 3/2

Figure 3 .

 3 Figure 3. Retrieved line intensities for transitions in the 10 band plotted as a function of m (m=-J″ and J″+1 for the Pand R-branch transitions, respectively) on a linear scale (A) and on a logarithmic scale (B). Present measurements are compared with the corresponding line intensities from the HITRAN2012 database [30]. (C) Uncertainties in our fitted line intensities given as percentage of measured line intensities. (D) Ratios between our retrieved line intensities and the line intensities in the HITRAN 2012 database[START_REF] Rothman | The HITRAN 2012 molecular spectroscopic database[END_REF] at 296 K. Here, we label line parameters retrieved using the speed dependent Voigt line shape model as "SD-Voigt". Similarly, line parameters retrieved using the speed dependent Rautian line shape model are labelled as "SD-Rautian".

Figure 5 .

 5 Figure 5. Temperature dependence exponents (unitless) for He-broadening coefficients of CO transitions in the fundamental band.

Figure 6 .

 6 Figure 6. (A) Measured CO-He induced pressure-shift coefficients (cm -1 atm -1 at 296 K) obtained using the Voigt, Rautian, speed dependent Voigt (SD-Voigt), and speed dependent Rautian (SD-Rautian) shape models with line mixing. Overlaid with our retrieved results are: the air-induced pressure-shift coefficients from HITRAN2012[START_REF] Rothman | The HITRAN 2012 molecular spectroscopic database[END_REF] (A) , previously published measurements and the calculated CO-He pressure-shift coefficients (B), retrieved He-pressure shift coefficients plotted against |m|, plotted separately for the R-and P-branch transitions (C). In panel (D) we have plotted the experimental Heshift coefficients and the close coupling (CC) values at different temperatures. The CO-He pressure shift coefficients are separated for even (panel (E) and Eq. (14)) and odd (panel (F) and Eq. (15)) m components, plotted as a function of m.

Figure 7 .
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  "detailed balance" expression 𝜌 𝐽 𝑖 ′ 𝜅 𝐽 𝑖 ←𝐽 𝑖 ′ = 𝜌 𝐽 𝑖 𝜅 𝐽 𝑖 ′ ←𝐽 𝑖 connects the rate of transfer from state 𝐽 𝑖 ′ to state 𝐽 𝑖 ′ and the population of the rotational level 𝐽 𝑖 ′ (𝜌 𝐽 𝑖 ′ ) to the rate of transfer from state 𝐽 𝑖 to state 𝐽 𝑖 ′ and the population of the rotational level 𝐽 𝑖 (𝜌 𝐽

	𝑌 𝐽 𝑓 ←𝐽 𝑖 0	= -2 ∑	𝑑 𝐽 𝑓 𝑑 𝐽 𝑓 ←𝐽 𝑖 ′ ←𝐽 𝑖 ′	〈〈𝐽′ 𝑓 𝐽 𝑖 ′ |𝑅𝑒[𝑊]| 𝐽 𝑓 𝐽 𝑖 〉〉 𝜈 𝐽 𝑓 ′ ←𝐽 𝑖 ′ -𝜈 𝐽 𝑓 ←𝐽 𝑖	(20)
	where 𝑑 𝐽 𝑓 ′ ←𝐽 𝑖 ′ and 𝑑 𝐽 𝑓 ←𝐽 𝑖 are dipole moment components corresponding to lines 𝐽 𝑓	′ ← 𝐽 𝑖 ′ and 𝐽 𝑓 ← 𝐽 𝑖 ,
	〈〈𝐽′ 𝑓 𝐽 𝑖				

𝑖 ). The first order line mixing coefficients, 𝑌 𝑖𝑓 0 , due to collisional energy transfer can be calculated using the expression

[START_REF] Rosenkranz | Shape of 5 mm oxygen band in atmosphere[END_REF][START_REF] Hartmann | Collisional effects on molecular spectra[END_REF]

: ′ |𝑅𝑒[𝑊]| 𝐽 𝑓 𝐽 𝑖 〉〉 are off-diagonal relaxation matrix elements, 𝜈 𝐽 𝑓 ′ ←𝐽 𝑖 ′

  for moving from initial state i (Ji,vi=0) to final state f (Jf,vf=1). For a simple diatomic molecule as CO interacting with a structureless atom, the off-diagonal elements 〈⟨𝐽 𝑖 ′ 𝐽 𝑓 ′ |𝑊(𝑇)|𝐽 𝑖 𝐽 𝑓 ⟩〉 of the relaxation matrix coupling two downward transitions 𝐽 𝑓 ← 𝐽 𝑖 and 𝐽 𝑓 ′ ← 𝐽 𝑖 ′ (where 𝐽 𝑖 ′ < 𝐽 𝑖 ) can be written as:

		〈⟨𝐽 𝑖 ′ 𝐽 𝑓 ′ |𝑊(𝑇)|𝐽 𝑖 𝐽 𝑓 ⟩〉 = (2𝐽 𝑖 ′ + 1)√(2𝐽 𝑓 + 1)(2𝐽 𝑓 ′ + 1) ×	
	∑	𝐿𝑒𝑣𝑒𝑛≠0	( 𝐽 𝑖 𝐿 𝐽 𝑖 ′ 0 0 0	)	(	𝐽 𝑓 𝐿 𝐽 𝑓 ′ 0 0 0	) {	𝐽 𝑖 𝐽 𝑓 1 𝐽 𝑓 ′ 𝐽 𝑖 ′ 𝐿	} × (2𝐿 + 1)	Ω 𝐽> Ω 𝐿	𝑄 𝐿

Table 3 .
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	Line		He-Broadening Coefficients			Temperature Dependence Exponents	
		Voigt	SD-Voigt	Rautian	SD-Rautian	Theory (CC)	Voigt	SDV	Rautian	SD-Rautian Theory (CC)
	P(22)	0.04556(16)	0.04537(32)	0.04559(16)	0.04531(34)		0.499(22)	0.499(22)	0.499(22)	0.499(22)	
	P(21)	0.04577(12)	0.04577(23)	0.04581(12)	0.0457(24)		0.550(14)	0.550(14)	0.550(14)	0.550(14)	
	P(20)	0.04615(9)	0.04642(18)	0.04619(9)	0.0464(20)		0.563(9)	0.563(9)	0.561(9)	0.563(9)	
	P(19)	0.04644(7)	0.04779(15)	0.04648(6)	0.04809(16)		0.555(6)	0.557(6)	0.555(6)	0.558(6)	
	P(18)	0.04645(5)	0.04677(10)	0.04648(5)	0.04679(11)		0.557(4)	0.558(4)	0.557(4)	0.558(4)	
	P(17)	0.04640(4)	0.04637(7)	0.04643(4)	0.04631(7)		0.562(3)	0.561(3)	0.561(3)	0.561(3)	
	P(16)	0.04658(3)	0.04653(5)	0.04661(3)	0.04648(6)		0.560(2)	0.560(2)	0.560(2)	0.560(2)	
	P(15)	0.04683(3)	0.04698(5)	0.04686(3)	0.04698(5)		0.573(2)	0.573(2)	0.572(2)	0.573(2)	
	P(14)	0.04672(3)	0.04670(4)	0.04673(3)	0.04667(4)		0.570(1)	0.57(1)	0.570(1)	0.570(1)	
	P(13)	0.04698(3)	0.04714(3)	0.04699(3)	0.04715(3)		0.570(1)	0.571(1)	0.569(1)	0.571(1)	
	P(12)	0.04705(3)	0.04719(3)	0.04706(3)	0.04720(3)		0.571(1)	0.573(1)	0.571(1)	0.573(1)	
	P(11)	0.04675(2)	0.04678(3)	0.04676(2)	0.04676(3)	0.0460	0.576(1)	0.576(1)	0.576(1)	0.576(1)	0.54
	P(10)	0.04685(2)	0.04696(3)	0.04685(2)	0.04697(3)	0.0458	0.584(1)	0.586(1)	0.584(1)	0.586(1)	0.54
	P(9)	0.04654(2)	0.04652(2)	0.04653(2)	0.04650(2)	0.0458	0.575(1)	0.575(1)	0.575(1)	0.574(1)	0.54
	P(8)	0.04671(2)	0.04671(2)	0.04670(2)	0.04670(2)	0.0457	0.570(1)	0.57(1)	0.570(1)	0.570(1)	0.54
	P(7)	0.04653(2)	0.04654(2)	0.04651(2)	0.04652(2)		0.560(1)	0.560(1)	0.560(1)	0.560(1)	
	P(6)	0.04647(2)	0.04648(2)	0.04646(2)	0.04647(2)		0.549(1)	0.550(1)	0.549(1)	0.550(1)	
	P(5)	0.04663(2)	0.04664(2)	0.04662(2)	0.04662(2)		0.533(1)	0.533(1)	0.533(1)	0.532(1)	
	P(4)	0.04633(2)	0.04633(2)	0.04632(2)	0.04631(2)		0.522(1)	0.522(1)	0.522(1)	0.522(1)	
	P(3)	0.04673(2)	0.04690(3)	0.04673(2)	0.04691(3)	0.0456	0.511(1)	0.507(1)	0.511(1)	0.507(1)	0.54
	P(2)	0.04715(2)	0.04739(3)	0.04716(2)	0.04740(3)	0.0461	0.506(1)	0.501(1)	0.505(1)	0.501(1)	0.54
	P(1)	0.04878(3)	0.04900(4)	0.04880(3)	0.04901(4)	0.0481	0.516(1)	0.513(1)	0.516(1)	0.513(1)	0.53
	R(0)	0.04880(3)	0.04898(4)	0.04882(3)	0.04898(4)	0.0481	0.514(1)	0.511(1)	0.513(1)	0.511(1)	0.53
	R(1)	0.04718(2)	0.04749(3)	0.04719(2)	0.04752(3)	0.0461	0.509(1)	0.504(1)	0.509(1)	0.503(1)	0.54
	R(2)	0.04703(2)	0.04729(3)	0.04702(2)	0.04731(3)	0.0457	0.509(1)	0.502(1)	0.509(1)	0.502(1)	0.54
	R(3)	0.04663(2)	0.04663(2)	0.04661(2)	0.04662(2)	0.0450 (a)	0.519(1)	0.519(1)	0.519(1)	0.519(1)	
	R(4)	0.04681(3)	0.04680(3)	0.04679(3)	0.04679(3)	0.0450 (a)	0.531(1)	0.531(1)	0.531(1)	0.531(1)	
	R(5)	0.04688(3)	0.04687(3)	0.04685(3)	0.04685(3)	0.0450 (a)	0.543(1)	0.543(1)	0.543(1)	0.543(1)	
	R(6)	0.04679(3)	0.04686(3)	0.04677(3)	0.04684(3)	0.0450 (a)	0.557(1)	0.558(1)	0.557(1)	0.558(1)	
	R(7)	0.04706(3)	0.04710(3)	0.04704(3)	0.04709(3)	0.0456	0.567(1)	0.568(1)	0.567(1)	0.568(1)	0.54

a

Table 4 .

 4 The narrowing coefficients were fixed in the least squares solution.

	Coefficients	Voigt	SDV	Rautian a	SD-Rautian a
	a 0	-3.020322 -3.016192	-3.019905	-3.016102
	a 1	0.063473 -0.059410	-0.065503	-0.055430
	a 2	0.028273	0.032147	0.033404	0.024649
	a 3	-0.011008 -0.025161	-0.016393	-0.020464
	a 4	0.006917	0.014582	0.009142	0.013373
	a 5	-0.001576 -0.002753	-0.001883	-0.002645

a

Table 5 .
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	Line		He-Pressure shift coefficients		Temperature dependences of He-shifts
		Voigt	SD-Voigt	Rautian	SD-Rautian	Voigt	SD-Voigt	Rautian	SD-Rautian
	P(22)	0.0001(2)	0.0001(2)	-0.0001(1)	0.0001(1)	0.0000087(43)	0.0000087(43)	0.0000083(43)	0.0000086(43)
	P(21)	-0.0010(1)	-0.0010(1)	-0.0010(1)	-0.0010(1)	0.0000113(28)	0.0000113(28)	0.0000113(28)	0.0000113(28)
	P(20)	-0.0010(1)	-0.0008(1)	-0.0010(1)	-0.0008(1)	-0.0000046(19)	-0.0000044(19)	-0.0000047(19)	-0.0000044(19)
	P(19)	-0.0023(1)	-0.0022(1)	-0.0023(1)	-0.0022(1)	0.0000061(13)	0.0000062(13)	0.0000061(13)	0.0000062(13)
	P(18)	-0.0007(1)	-0.0007(0)	-0.0007(1)	-0.0007(0)	0.0000082(9)	0.0000083(9)	0.0000082(9)	0.0000082(9)
	P(17)	-0.0007(0)	-0.0007(0)	-0.0007(0)	-0.0007(0)	0.0000066(6)	0.0000066(6)	0.0000066(6)	0.0000067(6)
	P(16)	-0.0009(0)	-0.0007(0)	-0.0009(0)	-0.0007(0)	0.0000042(5)	0.0000043(5)	0.0000042(5)	0.0000043(5)
	P(15)	-0.0008(0)	-0.0008(0)	-0.0008(0)	-0.0008(0)	0.0000067(4)	0.0000068(4)	0.0000067(4)	0.0000068(4)
	P(14)	-0.0009(0)	-0.0009(0)	-0.0009(0)	-0.0009(0)	0.0000054(3)	0.0000054(3)	0.0000054(3)	0.0000054(3)
	P(13)	-0.0007(0)	-0.0006(0)	-0.0007(0)	-0.0006(0)	0.0000059(3)	0.0000059(3)	0.0000058(3)	0.0000059(3)
	P(12)	-0.0005(0)	-0.0005(0)	-0.0005(0)	-0.0005(0)	0.0000072(2)	0.0000073(2)	0.0000072(2)	0.0000073(2)
	P(11)	-0.0009(0)	-0.0009(0)	-0.0009(0)	-0.0009(0)	0.0000073(2)	0.0000074(2)	0.0000072(2)	0.0000074(2)
	P(10)	-0.0006(0)	-0.0006(0)	-0.0006(0)	-0.0006(0)	0.0000054(2)	0.0000056(2)	0.0000054(2)	0.0000056(2)
	P(9)	-0.0006(0)	-0.0006(0)	-0.0006(0)	-0.0006(0)	0.0000080(2)	0.0000080(2)	0.0000080(2)	0.0000080(2)
	P(8)	-0.0007(0)	-0.0007(0)	-0.0007(0)	-0.0007(0)	0.0000072(2)	0.0000074(2)	0.0000072(2)	0.0000074(2)
	P(7)	-0.0003(0)	-0.0003(0)	-0.0003(0)	-0.0003(0)	0.0000067(2)	0.0000067(2)	0.0000068(2)	0.0000068(2)
	P(6)	-0.0005(0)	-0.0005(0)	-0.0005(0)	-0.0005(0)	0.0000070(2)	0.0000070(2)	0.0000071(2)	0.0000070(2)
	P(5)	-0.0002(0)	-0.0002(0)	-0.0002(0)	-0.0002(0)	0.0000063(2)	0.0000064(2)	0.0000063(2)	0.0000064(2)
	P(4)	-0.0002(0)	-0.0002(0)	-0.0002(0)	-0.0002(0)	0.0000054(2)	0.0000054(2)	0.0000054(2)	0.0000054(2)
	P(3)	-0.0002(0)	-0.0002(0)	-0.0002(0)	-0.0002(0)	0.0000044(2)	0.0000044(2)	0.0000044(2)	0.0000044(2)
	P(2)	0.0000(0)	0.0000(0)	0.0000(0)	0.0000(0)	0.0000034(2)	0.0000033(2)	0.0000034(2)	0.0000033(2)
	P(1)	0.0000(0)	0.0000(0)	0.0000(0)	0.0000(0)	0.0000032(3)	0.0000030(3)	0.0000031(3)	0.000003(3)
	R(0)	-0.0003(0)	-0.0003(0)	-0.0003(0)	-0.0003(0)	0.0000049(3)	0.0000047(3)	0.0000049(3)	0.0000047(3)
	R(1)	-0.0004(0)	-0.0004(0)	-0.0004(0)	-0.0004(0)	0.0000047(2)	0.0000046(2)	0.0000046(2)	0.0000046(2)
	R(2)	-0.0001(0)	-0.0001(0)	-0.0001(0)	-0.0001(0)	0.0000010(2)	0.0000010(2)	0.0000010(2)	0.0000011(2)
	R(3)	0.0000(0)	0.0000(0)	0.0000(0)	0.0000(0)	0.0000004(2)	0.0000004(2)	0.0000004(2)	0.0000004(2)
	R(4)	0.0000(0)	0.0000(0)	0.0000(0)	0.0000(0)	0.0000016(2)	0.0000016(2)	0.0000015(2)	0.0000016(2)
	R(5)	0.0002(0)	0.0002(0)	0.0002(0)	0.0002(0)	0.0000003(2)	0.0000003(2)	0.0000002(2)	0.0000003(2)
	R(6)	0.0002(0)	0.0002(0)	0.0002(0)	0.0002(0)	0.0000001(2)	0.0000001(2)	0.0000001(2)	0.0000001(2)
	R(7)	0.0001(0)	0.0001(0)	0.0001(0)	0.0001(0)	-0.0000002(2)	-0.0000002(2)	-0.0000003(2)	-0.0000003(2)
	R(8)	0.0003(0)	0.0003(0)	0.0003(0)	0.0003(0)	-0.0000008(2)	-0.0000008(2)	-0.0000008(2)	-0.0000008(2)
	R(9)	0.0003(0)	0.0004(0)	0.0003(0)	0.0004(0)	-0.0000001(2)	-0.0000002(2)	-0.0000002(2)	-0.0000002(2)
	R(10)	0.0003(0)	0.0003(0)	0.0003(0)	0.0003(0)	0.0000001(2)	0.0000003(2)	0.0000001(2)	0.0000003(2)
	R(11)	0.0005(0)	0.0005(0)	0.0005(0)	0.0005(0)	-0.0000001(2)	0.0000001(2)	-0.0000002(2)	0.0000000(2)
	R(12)	0.0003(0)	0.0003(0)	0.0003(0)	0.0003(0)	-0.0000011(2)	-0.0000011(2)	-0.0000011(2)	-0.0000011(2)
	R(13)	0.0004(0)	0.0004(0)	0.0004(0)	0.0004(0)	0.0000001(3)	0.0000001(3)	0.0000001(3)	0.0000001(3)
	R(14)	0.0004(0)	0.0004(0)	0.0004(0)	0.0004(0)	-0.0000003(3)	-0.0000002(3)	-0.0000003(3)	-0.0000002(3)
	R(15)	0.0003(0)	0.0003(0)	0.0003(0)	0.0003(0)	-0.0000010(4)	-0.0000009(4)	-0.0000010(4)	-0.0000009(4)
	R(16)	0.0004(0)	0.0004(0)	0.0004(0)	0.0004(0)	0.0000010(5)	0.0000011(5)	0.000001(5)	0.000001(5)
	R(17)	0.0003(0)	0.0003(0)	0.0003(0)	0.0003(0)	0.0000008(6)	0.0000009(6)	0.0000008(6)	0.0000009(6)
	R(18)	0.0001(1)	0.0001(0)	0.0001(1)	0.0001(0)	-0.0000026(8)	-0.0000025(8)	-0.0000026(8)	-0.0000025(8)
	R(19)	0.0002(1)	0.0002(1)	0.0002(1)	0.0002(1)	0.0000005(12)	0.0000005(12)	0.0000005(12)	0.0000005(12)
	R(20)	0.0000(1)	0.0000(1)	0.0000(1)	0.0000(1)	0.0000012(17)	0.0000011(17)	0.0000012(17)	0.0000011(17)
	R(21)	0.0002(1)	0.0002(1)	0.0002(1)	0.0002(1)	-0.0000025(25)	-0.000002(25)	-0.0000025(25)	-0.000002(25)
	R(22)	0.0004(2)	0.0004(2)	0.0005(1)	0.0004(1)	0.0000013(39)	0.0000011(38)	0.0000014(39)	0.0000011(38)
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	Lin e	m	CC values at 296 K	δ He 0	δ 1 He '	δ 2 He '
	P11	-11	-9.5610 -4	-7.70510 -5	-5.00210 -6	-1.35510 -7
	P10 -10	-9.8710 -4	-1.20110 -4	-9.38010 -6	-1.55410 -7
	P9	-9	-9.0510 -4	-1.04810 -4	-8.11210 -6	-1.23410 -7
	P8	-8	-8.0310 -4	-8.73110 -5	-6.71910 -6	-4.60310 -10
	P3	-3	-4.8910 -4	-3.41210 -5	-2.26210 -6	1.51610 -8
	P2	-2	-4.4910 -4	-9.52810 -6	1.51810 -7	5.17110 -8
	P1	-1	-4.5210 -4	-1.03610 -5	5.83810 -9	1.69110 -8
	R0	1	-5.3510 -4	0.0	-3.95610 -6	-3.45510 -8
	R1	2	-5.2110 -4	0.0	-5.04110 -6	-3.40010 -8
	R2	3	-4.7510 -4	0.0	-3.49610 -6	-8.21410 -8
	R7	8	-1.7210 -4	0.0	5.03210 -7	-2.07510 -7
	R8	9	-1.1710 -4	7.52210 -6	9.65410 -7	-2.50210 -7
	R9	10	-4.8210 -5	2.44410 -5	2.50910 -6	-2.86010 -7
	R10	11	-5.0110 -5	7.54110 -6	7.75510 -7	-1.97410 -7
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	Lin e	Voigt	SD-Voigt	Rautian	SD-Rautian	Calculated (EPG law)	Calculated (ECS law)
	P(22)					0.00268	0.00388
	P(21)					0.00267	0.00315
	P(20)					0.00027	0.00303
	P(19)					0.00264	0.00302
	P(18)	0.00638(88)	0.00629(5)	0.00635(88)	0.00635(4)	0.00262	0.00303
	P(17)	0.00014(65)	0.00006(3)	0.00015(65)	-0.00003(3)	0.00258	0.00304
	P(16)	0.00610(49)	0.00017(3)	0.00611(49)	0.00009(3)	0.00258	0.00303
	P(15)	0.00407(38)	0.00366(3)	0.00406(38)	0.00375(3)	0.00250	0.00301
	P(14)	0.00496(30)	0.00483(29)	0.00496(30)	0.00483(29)	0.00244	0.00295
	P(13)	0.00069(24)	0.00002(2)	0.00067(24)	0.00004(2)	0.00237	0.00285
	P(12)	-0.00049(19)	-0.00044(2)	-0.00050(19)	-0.00043(2)	0.00228	0.00271
	P(11)	0.00616(16)	0.00613(1)	0.00614(16)	0.00612(1)	0.00218	0.00251
	P(10)	0.00287(13)	0.00287(1)	0.00285(13)	0.00290(1)	0.00205	0.00226
	P(9)	0.00313(11)	0.00318(11)	0.00314(11)	0.00319(11)	0.00191	0.00194
	P(8)	0.00307(10)	0.00310(1)	0.00307(10)	0.00307(1)	0.00172	0.00154
	P(7)	0.00009(9)	0.00010(9)	0.00010(9)	0.00011(9)	0.00150	0.00104
	P(6)	0.00205(9)	0.00205(9)	0.00205(9)	0.00205(9)	0.00124	0.00043
	P(5)	-0.00121(9)	-0.00121(1)	-0.00121(9)	-0.00123(1)	0.00091	-0.00034
	P(4)	-0.00151(9)	-0.00154(9)	-0.00151(9)	-0.00153(9)	0.00051	-0.00133
	P(3)	-0.00201(10)	-0.00206(1)	-0.00202(10)	-0.00203(1)	0.00004	-0.00265
	P(2)	-0.0062(13)	-0.00612(1)	-0.00621(13)	-0.00612(1)	-0.00046	-0.00456
	P(1)	-0.00575(22)	-0.00573(2)	-0.00576(22)	-0.00564(2)	-0.00214	-0.00849
	R(0)	0.00859(21)	0.00848(2)	0.00858(21)	0.00849(2)	0.01041	0.01097
	R(1)	0.00998(12)	0.00989(1)	0.00997(12)	0.00987(1)	0.00447	0.00777
	R(2)	0.00316(10)	0.00314(1)	0.00315(9)	0.00322(1)	0.00232	0.00595
	R(3)	0.00171(8)	0.00177(1)	0.00171(8)	0.00179(8)	0.00106	0.00449
	R(4)	0.00179(8)	0.00180(1)	0.00179(8)	0.00181(1)	0.00020	0.00324
	R(5)	-0.00045(8)	-0.00043(1)	-0.00044(8)	-0.00042(8)	-0.00044	0.00213
	R(6)	-0.00039(8)	-0.00038(8)	-0.00038(8)	-0.00038(8)	-0.00094	0.00116
	R(7)	-0.00040(8)	-0.00041(8)	-0.00040(8)	-0.00041(8)	-0.00135	0.00031
	R(8)	-0.00252(9)	-0.00253(9)	-0.00251(9)	-0.00253(9)	-0.00168	-0.00043
	R(9)	-0.00268(11)	-0.00271(11)	-0.00267(11)	-0.00272(11)	-0.00197	-0.00108
	R(10)	-0.00216(12)	-0.00220(1)	-0.00216(12)	-0.00218(1)	-0.00222	-0.00163
	R(11)	-0.00356(14)	-0.00353(1)	-0.00357(14)	-0.00357(1)	-0.00244	-0.00210
	R(12)	-0.00366(18)	-0.00365(1)	-0.00367(17)	-0.00367(2)	-0.00263	-0.00250
	R(13)	-0.00303(22)	-0.00305(2)	-0.00305(22)	-0.00298(2)	-0.00281	-0.00285
	R(14)	-0.00468(27)	-0.00463(2)	-0.00470(27)	-0.00459(2)	-0.00296	-0.00315
	R(15)	-0.00462(35)	-0.00455(2)	-0.00463(35)	-0.00452(2)	-0.00310	-0.00341
	R(16)	-0.00366(45)	-0.00360(3)	-0.00366(45)	-0.00367(45)	-0.00323	-0.00364
	R(17)	-0.00484(60)	-0.00496(4)	-0.00487(59)	-0.00490(3)	-0.00336	-0.00385
	R(18)	-0.00470(80)	-0.00480(3)	-0.00473(80)	-0.00466(4)	-0.00348	-0.00405
	R(19) -0.00223(110)	-0.00224(5)	-0.00225(110)	-0.00217(7)	-0.00348	-0.00427
	R(20)					-0.00368	-0.00457
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	Line	SD-Voigt	SD-Rautian
	P(22)	0.000(66)	0.000(78)
	P(21)	0.000(46)	0.000(55)
	P(20)	0.063(15)	0.059(19)
	P(19)		
	P(18)	0.072(8)	0.075(9)
	P(17)	0.000(14)	0.000(16)
	P(16)	0.000(11)	0.000(13)
	P(15)	0.051(5)	0.048(5)
	P(14)	0.000 (8)	0.000 (9)
	P(13)	0.065(3)	0.066(3)
	P(12)	0.067(3)	0.067(3)
	P(11)	0.032(4)	0.014(5)
	P(10)	0.083(2)	0.086(2)
	P(9)	0.000(6)	0.000 (6)
	P(8)	0.019(5)	0.003(7)
	P(7)	0.000(7)	0.000(7)
	P(6)	0.000 (7)	0.000(8)
	P(5)	0.049(4)	0.048(4)
	P(4)	0.000(7)	0.000(7)
	P(3)	0.092(2)	0.093(2)
	P(2)	0.080(2)	0.081(3)
	P(1)	0.057(3)	0.057(3)
	R(0)	0.051(3)	0.049(4)
	R(1)	0.096(2)	0.100(2)
	R(2)	0.120(2)	0.126(2)
	R(3)	0.013(6)	0.000(8)
	R(4)	0.032(5)	0.027(5)
	R(5)	0.010(7)	0.000(8)
	R(6)	0.000(8)	0.000(8)
	R(7)	0.000(8)	0.000(8)
	R(8)	0.000(7)	0.000(7)
	R(9)	0.000(6)	0.000(7)
	R(10)	0.027(4)	0.012(5)
	R(11)	0.059(3)	0.057(3)
	R(12)	0.053(3)	0.049(3)
	R(13)	0.072(3)	0.074(3)
	R(14)	0.077(3)	0.079(3)
	R(15)	0.048(4)	0.041(6)
	R(16)	0.020(7)	0.000(12)
	R(17)	0.065(6)	0.065(7)
	R(18)	0.055(8)	0.048(10)
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