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Introduction

Water is a key molecule in the search for life on other planets. The origins of water on Earth are not yet well understood. In order to gain insights into this topic, the Solar system must be considered as a whole and the water contents of the different planetary and cometary bodies characterized. This study includes the understanding of the water cycle, the determination of the volume mixing ratio and the distribution with altitude of the different isotopologues of water. In particular, the ratio of deuterium to hydrogen (D/H) is a key diagnostic to characterizing the Solar system's evolution.

Several space instruments have flown or are flying around Mars and Venus. While these planets are our closest neighbors, they have a very different atmospheric structure and composition. Nadir viewing, provided that the spectral resolution and the SNR technique are adequate, and solar occultation viewing allow probing an atmosphere layer by layer to give vertical profile information. The solar occultation technique has the advantage of extremely localized sensitivity to the true atmospheric state (i.e. measured by Averaging Kernels), highly peaked on the impact tangent height. These profiles allow isotopic ratios, such as D/H, to be studied. Considering Mars, the ratio is an important evolutionary tracer for the atmosphere, surface, and their interactions in the climate system. The isotopic ratios are very useful because they are not as affected by modification related to the chemistry occurring in Mars' atmosphere as elemental abundances are [START_REF] De Bergh | Isotopic Ratios in Planetary Atmospheres[END_REF]. Investigations of the D/H ratio with altitude has led to interesting results [START_REF] Owen | Deuterium on Mars: the abundance of HDO and the value of D/H[END_REF][START_REF] Carr | D/H on Mars: effects of floods, volcanism, impacts, and polar processes[END_REF][START_REF] Encrenaz | The water vapor vertical distribution on mars from millimeter transitions of HDO andH2 18 O, Planet[END_REF][START_REF] Encrenaz | Infrared imaging spectroscopy of Mars: H2O mapping and determination of CO2 isotopic ratios[END_REF][START_REF] Bertaux | A warm layer in Venus' cryosphere and high-altitude measurements of HF, HCl, H2O and HDO[END_REF][START_REF] Fedorova | HDO and H2O vertical distributions and isotopic ratio in the Venus mesosphere by Solar Occultation at Infrared spectrometer on board Venus Express[END_REF]. Studying the spatial distribution of the D/H ratios can also generate interesting data. Villanueva et al. [START_REF] Villanueva | Strong water isotopic anomalies in the martian atmosphere: Probing current and ancient reservoirs[END_REF] used these 2D maps to study strong water isotopic anomalies in the Martian atmosphere; Good et al. [START_REF] Good | D/H isotope ratios in the global hydrologic cycle[END_REF] looked at D/H isotope ratios in the global hydrologic cycle; and Yang et al. [START_REF] Yang | The D/H ratio of water in the solar nebula during its formation and evolution[END_REF] modeled the D/H ratio of water in the solar nebula during its formation and evolution. These results could be refined if better line parameters were used, especially H2O broadened by CO2 line shape parameters. The current parameters used by the planetary community rely on empirical adaptation of other line lists or on scaling other broadening species data. In this study, we use our laboratory set-up and multispectrum procedure to provide measured line shape parameters and make state-ofthe-art Modified Complex Robert-Bonamy (MCRB) calculations of the half-width, line shift, and their temperature dependence for the H2O-CO2 collision system. Two spectral ranges of interest were identified around 2.7 and 6 microns and spectra recorded. The 6 micron band was analyzed previously by Brown et al. [START_REF] Brown | CO2-broadened water in the pure rotation and ν2 fundamental regions[END_REF] in 2007, while the 2.7 microns band was the target of a similar study, here in Reims, some twenty years ago [START_REF] Gamache | CO2-Broadening of Water-Vapor Lines[END_REF].

The spectrometer in Reims now has a better signal to noise ratio (~1000) than previously [START_REF] Gamache | CO2-Broadening of Water-Vapor Lines[END_REF] and the software developed to analyse the spectra in a multispectrum procedure [START_REF] Plateaux | Multispectrum fitting technique for data recorded by Fourier transform spectrometer: application to N2O and CH3D[END_REF] allows the retrieval of more consistent line shape parameters. For the deuterated species of water, HDO, measurements were made on transitions in the ν2. ν1, and ν3 bands [START_REF] Devi | Line parameters for CO2 broadening in the ν2 band of HD 16 O[END_REF][START_REF] Devi | Line parameters for CO2-and self-broadening in the ν3 band of HD 16 O[END_REF][START_REF] Devi | Line parameters for CO2-and self-broadening in the ν1 band of HD 16 O[END_REF] and MCRB calculations were made for the rotation, ν2. ν1, and ν3 bands [START_REF] Devi | Line parameters for CO2 broadening in the ν2 band of HD 16 O[END_REF][START_REF] Devi | Line parameters for CO2-and self-broadening in the ν3 band of HD 16 O[END_REF][START_REF] Devi | Line parameters for CO2-and self-broadening in the ν1 band of HD 16 O[END_REF][START_REF] Gamache | A spectral line list for water isotopologues in the 1100-4100 cm -1 region for application to CO2-rich planetary atmospheres[END_REF]. In the present study, the newly measured spectra were analyzed in order to determine accurate line shape parameters of H2O broadened by CO2. We compared our measured results to the data available in the literature and with the MCRB calculations described below.

Section 1 describes the experimental conditions of the measured spectra and explains the line parameters retrieval procedure. Section 2 presents the theory and the calculations made. Finally, we will present our line shape measurements and calculations and compare them with literature values.

Experimental conditions:

1.1 Spectra recording Sixteen spectra were measured at room temperature with the Connes' type Fourier Transform Spectrometer (FTS) [START_REF] Connes | Astronomical Fourier spectrometer[END_REF][START_REF] Plateaux | Reims high resolution Fourier transform spectrometer. Data reduction for ozone[END_REF][START_REF] Régalia | FTS improvements and connection with a long White cell. Application: H216O intensity measurements around 1200cm-1[END_REF] built in the Group of Molecular and Atmospheric Spectrometry laboratory (GSMA) in Reims, France. This instrument had a 3-meter maximum path difference allowing a non-apodized resolution of 0.0017 cm -1 . Table 1 summarizes the recording conditions of the spectra in the two studied spectral regions. In the 2,7 µm region, all spectra were recorded with the following optical setup: a CaF2 beam splitter, some lenses and BaF2 windows and two InSb detectors, while in the 6 µm region we used two HgCdTe detectors. We always checked in spectral regions near 10 µm if the sample or the window emission could perturb the study but in the stated situation, we didn't observe anything. In addition to this, in the 6 µm spectral region to eliminate some waves on the 100 % of transmission of the spectra due to optical windows in the optical path, we had to divide by a spectrum recorded with an empty cell. We used two different optical spectral filters to select the recording spectral regions, the transmission windows are 1350 -2300 cm -1 and 3060 -4370 cm -1 respectively for the 6 µm and 2.7µm spectral region. During the experiment, the absorption path was maintained under vacuum and the pressure and the temperature were continuously monitored. Two absorption cells were used: a single-path cell with an optical path length of 13 cm and a 1-meter White cell [START_REF] White | Long optical paths of large aperture[END_REF] to achieve absorption path lengths of 4 and 8 meters. As shown in Table 1, for all spectra, the partial pressure of water vapor was kept very low in order to neglect as much as possible the influence of the self-broadening due to the H2O pressure in the determination of the line-shape parameters. In addition to the spectra listed in Table 1, we recorded a spectrum for each length of the cell, with only a low H2O pressure (1 Torr). These spectra allowed us to check the instrumental line shape and were used to calibrate the wavenumber scale of the spectra described in Table 1. For the spectral calibration, the line positions given in Loos et al. [START_REF] Loos | Measurement of positions, intensities and self-broadening line shape parameters of H2O lines in the spectral ranges 1850-2280cm-1 and 2390-4000cm-1[END_REF] were used as reference. This calibration is not crucial, as the multispectrum procedure allows discrimination of the different shifts for a given recording cell. Indeed, as the parameters are fitted simultaneously on several spectra in different experimental conditions, the shift due to the optical set-up is a parameter with the same value for all spectra, while the shift due to the pressure of the gas (absorbing or foreign) is depending on the studied spectrum.

The carbon dioxide buffer gas was supplied by Air Liquide company with a stated purity of 99.9999%. The pressure was measured with an uncertainty less than 0.3% using two MKS Baratron manometers with 10 and 1000 Torr full scale. The temperature was measured with a platinum probe with an uncertainty less than 0.5 K.

Table 1

The Figure 1 shows an example of the record spectra in the 2.7 µm spectral region 

Line parameters retrieval

We used the multispectrum procedure developed at GSMA [START_REF] Plateaux | Multispectrum fitting technique for data recorded by Fourier transform spectrometer: application to N2O and CH3D[END_REF] to determine the line parameters. First, in order to minimize the effect of the apparatus function on the retrieved parameters, the experimental value of the Michelson's interferometer aperture was determined using spectra recorded at low pressures (not reported in the Table 1). The iris radius values of the FTS are indicated in Table 1. We did this verification even if the choice of the radius value is less critical than in the Doppler regime, since the H2O spectra were broadened by a pressure of CO2 from 100Torr to 500Torr. The verification was done on several lines taken in the whole spectral region allowing a check of the nominal iris radius that can be used. No specific signature appeared on the residuals of the fit during this verification. The nominal iris radius value was then used in the following analysis.

The multispectrum procedure enabled us to obtain simultaneously the position of the line, the line strength, the half-width and the line shift. An example of the multispectral fitting procedure is shown in Figure 2. The figure shows the simultaneous fit of three spectra with an absorption path length of 417,2 cm and different pressures (see table 1) in the upper panel and the residuals of the fit in the lower panel. Just over ten isolated lines were fit using two different values of self-broadening coefficients (broadening due to the pressure of H2O) in order to assess the impact of this parameter. A modification of 20 % of the fixed value of selfbroadening coefficient does not change the retrieved CO2-broadening parameter. Therefore, the self-broadening coefficients were fixed to the values of the HITRAN2016 database edition [START_REF] Gordon | The HITRAN2016 Molecular Spectroscopic Database[END_REF]. The impact of the self-shift parameter was also negligible.

Figure 2 2. Theory

For the collision system under consideration, H2O-CO2, and temperatures of the study, quantum dynamical methods are too slow to be practical even if adequate potential energy surfaces were available. Thus, the calculations of the half-width and line shift for the H2O-CO2 collision system were done using the semi-classical Modified Complex Robert-Bonamy formalism [START_REF] Robert | Short range force effects in semiclassical molecular line broadening calculations[END_REF][START_REF] Ma | Modification of the Robert-Bonamy formalism in calculating Lorentzian half-widths and shifts[END_REF] (MCRB). The half-width and the line shift are given by the real and imaginary parts, respectively, of the expression

γ + iδ ( ) f ←i = n 2 2π c v f v ( ) 0 ∞ ∫ dv 2π b 1-e -i S 1 + Im S 2 ( ) J 2 e -Re S 2 ( ) J 2       0 ∞ ∫ db (1).
In this expression, n2 is the number density of bath molecules, c is the speed of light, v is the relative velocity, f(v) is the Maxwell-Boltzmann distribution of velocity, < >J 2 is an average over the states of the bath molecules, and b is the impact parameter. S1(imaginary) and values. All other parameters are the recommended values from the literature: The dipole moment of water and its vibrational dependence are taken from Shostak and Muenter [START_REF] Shostak | The dipole moment of water.II. Analysis of the vibrational dependence of the dipole moment in terms of a dipole moment function[END_REF].

The quadrupole moments come from Flygare and Benson [START_REF] Flygare | The Molecular Zeeman Effect in Diamagnetic molecules and the determination of molecular magnetic moments (g values), magnetic susceptibilities, and molecular quadrupole moments[END_REF]. The polarizability and its vibrational dependence are given by Luo et al. [START_REF] Luo | Frequency-dependent polarizabilities and first hyperpolarizabilities of H2O[END_REF]. The ionization potential of water is taken from Ref. [START_REF] Lide | CRC Handbook of Physics and Chemistry[END_REF] and is a vibrationally-independent value. For CO2, the quadrupole moment is from the work of Graham et al. [START_REF] Graham | Measurements of the electric quadrupole moments of CO2 , CO and N2[END_REF], the value of the polarizability is from Bogaard and Orr [START_REF] Bogaard | MPT International Review of Science, Physical Chemistry, Series Two[END_REF], and the ionization potential is from Tanaka et al. [START_REF] Tanaka | Higher Ionization Potentials of Linear Triatomic Molecules. I. CO2[END_REF]. The numerical values are given in

Refs. [START_REF] Gamache | Halfwidths and Line Shifts of Water Vapor Broadened by CO2:Measurements and Complex Robert-Bonamy Formalism Calculations[END_REF] and [START_REF] Brown | CO2-broadened water in the pure rotation and ν2 fundamental regions[END_REF], for H2O and CO2, respectively.

The MCRB calculations included all real and imaginary components, atom-atom component expanded to high order and rank, trajectories determined solving Hamilton's equations, and explicit velocity averaging over the Boltzmann distribution.

MCRB calculations

Using HITRAN2016, all cold-band transitions for H2 16 O, H2 18 O, and H2 17 O in the range 1300-5000 cm -1 with J"≤22 and with full quantum assignments (note, in the UCL ab initio data [START_REF] Barber | A high-accuracy computed water line list[END_REF] on HITRAN only J and symmetry are good quantum numbers, so some transitions do not have all quantum numbers.) were extracted. The number of lines in each cold band is listed in Table 2. The MCRB formalism includes the vibrational dependence of the line shape parameters, thus calculations were made for each band listed in Table 2. The calculations of the half-width and line shift were made at 13 temperatures from 200 to 3000 K in order to determine the temperature dependence of these parameters. For each band, the unique rotational transitions were determined for the three principal isotopologues; then calculations were made for the H2 16 O isotopologue. These half-width and line shift values were used for the three isotopologues of this study since the line shape parameters are roughly equal for all three. The last step was to use the line shape parameter data at the 13 temperatures to determine the temperature dependence by the Gamache-Vispoel model [START_REF] Gamache | On the temperature dependence of half-widths and line shifts for molecular transitions in the microwave and infrared regions[END_REF].

These data were used to create an improved line file for applications for water vapor in CO2rich atmospheres. The previous H2O-CO2 line file [START_REF] Gamache | A spectral line list for water isotopologues in the 1100-4100 cm -1 region for application to CO2-rich planetary atmospheres[END_REF] neglects vibrational dependence for H2 16 O, H2 18 O, and H2 17 O transitions and uses the rotation band half-widths for all transitions.

The line shifts, due to their strong vibrational dependence, were from a semi-empirical algorithm [START_REF] Jacquemart | Semi-empirical calculation of air-broadened half-widths and air pressure-induced frequency shifts of water-vapor absorption lines[END_REF] or from scaling.

Table 2 4. Results and comparisons

Spectral region around 6 µm

In this spectral region, line half-widths and shifts of H2O broadened by CO2 were compared to previous laboratory measurements of Brown et al. [START_REF] Brown | CO2-broadened water in the pure rotation and ν2 fundamental regions[END_REF] for the ν2 fundamental band and to the MCRB calculations done here. The data sets are shown in Figs. 3 and4 respectively for the half-widths and the pressure-induced line shift. In total 105 lines were analyzed. Shown in Fig. 3 and τ" as τ = Ka + Kc -J for use in their analysis. We observed similar behaviors as that seen in Table 8 of Brown et al. [START_REF] Brown | CO2-broadened water in the pure rotation and ν2 fundamental regions[END_REF]. Examples are given in Table 3, where pair transitions are shown for the measured and calculated half-widths and line shifts. Table 3 shows that as a function of Jm and Km the half-widths are nearly equal and the line shifts approximately equal but opposite in sign. A good example is the sequence for Jm = 4 and Km = 2. The exception is when the line shift is very small, for which the measurements and calculations are difficult to make.

Table 3

The good agreement with the previous measurements of Brown et al. [START_REF] Brown | CO2-broadened water in the pure rotation and ν2 fundamental regions[END_REF] validates the choice of the experimental conditions for the measured spectra, as well as the intermolecular potential used in the MCRB calculations.

Spectral region around 2.7 µm

As indicated in Table 1, for this spectral region, we recorded nine spectra with 2 different cells. We fitted simultaneously the spectra with the same cell length, it allows us to obtain lines parameters for transitions in a line intensity range from 3.2 x 10 -22 to 9.6 x 10 -20 cm/molec.: 60 transitions belong to the ν3 band, 23 to the 2ν2 band and 15 to the ν1 band. We did not find recent laboratory measurements for this spectral region in the literature. We compared our measurement and MCRB calculation results to the data from the Mars database [START_REF] Gamache | A spectral line list for water isotopologues in the 1100-4100 cm -1 region for application to CO2-rich planetary atmospheres[END_REF]. Figure 5 shows the half-widths in cm -1 atm -1 from our measurements with error bars 4. The MCRB calculations made here include the vibrational dependence that was neglected in Ref. [START_REF] Gamache | A spectral line list for water isotopologues in the 1100-4100 cm -1 region for application to CO2-rich planetary atmospheres[END_REF] and the intermolecular potential was optimized for the H2O-CO2 collision system as discussed above. The result is that the calculations made here agree well with measurements with an APD of -1.1, -1.8, and -3.1 for the ν1, 2ν2, and ν3 bands, respectively. The calculations that neglect the vibrational dependence have -13.8, -12.0, and -11.8 APDs for the same data. The standard deviations show similar features. Given the relatively large value of the quadrupole moment of CO2, it could be argued that the vibrational dependence of the half-widths should not be too large. However, looking at the calculations to adjust the potential, the average difference between the potential used in Ref.

[17] and the results from the final potential of this work (pot 23) is roughly 9%. This result suggests that the vibrational dependence for these bands is ~3-4%. We will study the vibrational dependence of the half-width in a future work. approximation; and the red asterisk symbols correspond to scaling the air-induced pressure shift. The statistics for the comparison of the line shifts are in the bottom part of Table 4.

The average deviation between the measured and calculated line shifts goes between -0.001 to -0.004 cm -1 atm -1 with standard deviations around 0.006 cm -1 atm -1 for the 3 vibrational bands studied. The comparison with the approximate schemes used in Ref. [START_REF] Gamache | A spectral line list for water isotopologues in the 1100-4100 cm -1 region for application to CO2-rich planetary atmospheres[END_REF] shows much larger average deviations, -0.07 to -0.08 cm -1 atm -1 , and standard deviations, ~0.065 cm -1 atm -1 . This figure and the statistics demonstrate the need for primary measurement or calculation to obtain good line shifts. It has been shown before [START_REF] Brown | CO2-broadened water in the pure rotation and ν2 fundamental regions[END_REF][START_REF] Gamache | Half-widths, their temperature dependence, and line shifts for the HDO-CO2 system for applications to planetary atmospheres[END_REF][START_REF] Vispoel | CO2-broadening coefficients in the ν3 fundamental band of methane[END_REF] that scaling techniques lead to very large errors, and it was stated [START_REF] Gamache | A spectral line list for water isotopologues in the 1100-4100 cm -1 region for application to CO2-rich planetary atmospheres[END_REF] that the error from the semi-empirical line shift prediction routine can be large.

The line lists for the two previous spectral regions are given in the supplementary data.

Comparisons with data around 0.95 µm

Borkov et al. [START_REF] Borkov | Measurements of the broadening and shift parameters of the water vapor spectral lines in the 10,100-10,800 cm-1 region induced by pressure of carbon dioxide[END_REF] have measured the broadening and shift parameters of the water vapor spectral lines in the 10,100 -10,800 cm -1 region induced by pressure of carbon dioxide.

We compared the measurements and calculations made here to their results for the half-width.

Note, because the line shift is strongly dependent on vibration, a comparison of our line shifts to their data was not done. Borkov et al. made measurements for transitions in the ν1 + 2 ν2 + ν3, 3ν1, and 2ν1 + ν3 bands. These data are compared with our measurements and calculations in the 2.7 µm region (ν1, 2ν2, and ν3 bands). cm -1 , there is good agreement among the data sets. This result implies the vibrational dependence is of order ~3%, in agreement to the results from the previous section. 

Conclusion

New laboratory measurements of line-shape parameters of H2O broadened by CO2 were performed. Two spectral regions were probed, i.e. 2.7 and 6 µm, as they are of interest for the planetary atmospheres remote sensing. MCRB calculations of the half-width, line shift, and their temperature dependence were made for the cold bands of H2O in the spectral range 1300-5000 cm -1 . The results were compared with the literature values [START_REF] Brown | CO2-broadened water in the pure rotation and ν2 fundamental regions[END_REF][START_REF] Gamache | A spectral line list for water isotopologues in the 1100-4100 cm -1 region for application to CO2-rich planetary atmospheres[END_REF][START_REF] Borkov | Measurements of the broadening and shift parameters of the water vapor spectral lines in the 10,100-10,800 cm-1 region induced by pressure of carbon dioxide[END_REF]. There is good agreement between the measured and calculated half-widths and line shifts with the data of Brown et al. in the 6 µm region. In the 2.7 µm region, our measurements and MCRB calculations agree well for both the half-widths and line shifts. Comparison with the halfwidths and line shifts from Ref. [START_REF] Gamache | A spectral line list for water isotopologues in the 1100-4100 cm -1 region for application to CO2-rich planetary atmospheres[END_REF] are not as good, showing the effects of neglecting vibrational dependence for the half-widths and using approximate prediction routines for the line shifts. Comparisons of our measured and calculated half-widths with the data of Borkov et al. [START_REF] Borkov | Measurements of the broadening and shift parameters of the water vapor spectral lines in the 10,100-10,800 cm-1 region induced by pressure of carbon dioxide[END_REF] on the 0.9 µm region show good agreement. The measurements are available as supplementary files. The calculations in the range 1300-5000 cm -1 are available as a supplementary file. In the future, the MARS database [START_REF] Gamache | A spectral line list for water isotopologues in the 1100-4100 cm -1 region for application to CO2-rich planetary atmospheres[END_REF] will be updated with the new parameters from this work and will be made publicly available, with a read_me.txt file, as a file from one of the authors website (faculty.uml.edu/robert_gamache). Note, using the improved model of temperature dependence [START_REF] Gamache | On the temperature dependence of half-widths and line shifts for molecular transitions in the microwave and infrared regions[END_REF], the same database can be used for Mars, Venus, or any other planetary atmosphere rich in CO2.

Table captions

Tables

1
Experimental conditions of recorded spectra with the Connes' type FTS ("DDM max" is the maximum of path difference for the interferogram measurement)

2
The Number of lines in each cold band from 1300 to 5000 cm -1 for the three principal isotopologues of H2O 3 Example of measured CO2 broadened H2O coefficients for "pair' transitions in the spectral region around 6 µm.

4

Comparison of the measured half-widths and line shifts with the MCRB calculations of this work and with the calculations of Gamache et al. [START_REF] Gamache | A spectral line list for water isotopologues in the 1100-4100 cm -1 region for application to CO2-rich planetary atmospheres[END_REF] in the spectral region around 2.7 µm.. Given are the average percent difference (APD) and standard deviation (SD) in percent for the half-widths and the average deviation (Adev) and standard deviation in cm -1 atm -1 for the line shifts.

Figure captions

Figure 1: Example of recorded spectra in the 2.7 µm spectral region around 3956 cm -1 , with an absorption path length of 817,8 cm (see table 1).

Figure 2: Example of the fit with the multispectrum procedure of a H2O transition broadened by CO2 in the 2.7 µm spectral region. The three spectra have an absorption path length of 417,2 cm (see table 1). 
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  S2(complex) are the first and second order terms in the successive expansion of the Liouville scattering matrix, which depend on the ro-vibrational states in the optical transition, the associated collisionally induced jumps from these states, on the intermolecular potential, and the characteristics of the collision dynamics. Note, semi-classical refers to the fact that the internal structure of the colliding molecules is treated quantum mechanically and that the dynamics of the collision process are treated by classical mechanics. Thus, in an optical transition from f i, the active molecule will undergo collisions with the bath molecules, for which the trajectories are determined by classical mechanics. In these collisions, the initial and final states of the radiating molecule, i and f, will undergo collisionally induced transitions to states i' and f', interrupting the radiation and causing collisional broadening and shifting. The states i' and f' are called collisionally connected states and are given by selection rules determined by the wavefunctions and intermolecular potential. Given the large number of terms in the intermolecular potential, there are many states, i' or f', that are possible. The quantum mechanical components of the calculation are the energy of the states involved in the collisionally induced transitions and the wavefunctions for the states, which are used to determine reduced matrix elements (RME), which give the probability of a collisionally induced transition. A recent study[START_REF] Gamache | Vibrational dependence, temperature dependence, and prediction of line shape parameters for the H2O-H2 collision system[END_REF] showed that MCRB calculations should use the ground state RMEs for all vibrational states.The intermolecular potential used in the calculations was comprised of electrostatic terms, the induction and London dispersion terms, and an atom-atom component expanded to 20 th order and rank 4. The atom-atom parameters were adjusted to bring the MCRB calculations in agreement with measurements of Tretyakov and Koshelev [27]. The final atom-atom parameters (called pot 23) are a change of εH-O, εH-C, εO-O, εO-C by -30%, a change of σH-O by -22.5% and a change of σH-C, σO-O, σO-C by -25% from the combination rule[START_REF] Hirschfelder | Molecular Theory of Gases and Liquids[END_REF] 

  are the measured half-widths with error bars (blue solid triangle symbols), the MCRB calculated half-widths shifted slightly to the left (black open diamond symbols), and the measured half-widths from Brown et al. [11] with error bars shifted slightly to the right (red open square symbols) versus wavenumber of the transition. Comparing the current measurements and calculations for 105 transitions gives an average percent difference (APD) of -2.9% and a standard deviation (SD) of 4.9%. Comparing our measurements with those of Brown et al. for 100 transitions gives an APD of -3.2% and a SD of 3.0%. Comparing the measurements of Brown et al. with our MCRB calculations for 100 transitionsgives an APD of 0.17% and a SD of 5.5%. Thus, the half-width data of these two investigations and the calculations are in good agreement.In Fig.4, the measured line shifts with error bars (blue solid triangle symbols), the MCRB calculated line shifts shifted slightly to the left (black open diamond symbols), and the measured line shifts from Brown et al.[START_REF] Brown | CO2-broadened water in the pure rotation and ν2 fundamental regions[END_REF] with error bars shifted slightly to the right (red open square symbols) are plotted versus wavenumber of the transition. A comparison of our measurements and calculations for 105 transitions shows an average deviation of -0.0043 cm - 1 atm -1 and a standard deviation of 0.0048 cm -1 atm -1 . Comparing our shift measurements with those of Brown et al. for 100 transitions gives an average deviation of -0.0035 cm -1 atm -1 and a standard deviation of 0.0029 cm -1 atm -1 . Comparing the measurements of Brown et al. with our MCRB shift calculations for 100 transitions gives an average deviation of -0.00065 cm - 1 atm -1 and a standard deviation of 0.0040 cm -1 atm -1 . Again, showing excellent agreement between this study and that ofBrown et al. 
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(

  blue solid triangle symbols), our MCRB calculations (black open diamond symbols), and the previous calculations of Gamache et al. [17] (red open square symbols) versus a line count. The data are arranged such that the first 16 points are ν1 band data, points 17-40 are 2ν2 band data, and points 41-105 are ν3 band data. The statistics for the agreement are given in top part of Table

Figure 7

 7 shows the half-widths in cm -1 atm -1 for the our measurements with error bars (blue solid triangle, open triangle, and open diamond symbols for our ν1, 2ν2, and ν3 band data, respectively), the MCRB calculations shifted slightly to the left (black solid star, open star, and star of David symbols for our ν1, 2ν2, and ν3 band data, respectively), and the Borkov et al. data with error bars shifted slightly to the right (red solid circle, open circle, and open circle with a cross symbols for their ν1+2ν2+ν3 ν1, 3ν1, and 2ν1+ν3 band data, respectively) versus line count. The data are arranged such that the first 13 points are ν1+2ν2+ν3 band data, points 14-19 are 3ν1 band data, and points 20-45 are 2ν1+ν3 band data (labeled at the bottom of the figure). In total 45 transitions were compared between the data sets. The statistics for the comparison of our measurements with the data of Borkov et al. are an APD of 1.5% with a SD of 7.3%; the comparison of our calculations to the data of Borkov et al. are an APD of -3.9% with a SD of 3.4%. The statistics imply a constant shift of our calculations, within 3-4%, from the Borkov et al. data. Even though the spectral regions of the two data sets are separated by about 6000
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Figure 3 :

 3 Figure3: CO2-broadened half-widths (cm -1 atm -1 ) of H216 O transitions in the 6 µm region

Figure 4 :

 4 Figure 4: CO2 pressure-induced line shifts (cm -1 atm -1 ) of H2 16 O transitions in the 6 µm

Figure 5 :

 5 Figure 5: CO2-broadened half-widths (cm -1 atm -1 ) of H2 16 O transitions in the 2.7 µm region

Figure 6 :

 6 Figure 6: CO2 pressure-induced line shifts (cm -1 atm -1 ) of H2 16 O transitions in the 2.7 µm

Figure 7 :

 7 Figure 7: Comparison of the half-widths (cm -1 atm -1 ) from the measurements (Exp) blue solid triangle, open triangle, and open diamond symbols for our ν1, 2ν2, and ν3

Table 4

 4 Figure 6 is a plot of the measured line shifts with error bars (blue solid triangle

symbols), our MCRB calculations (black open diamond symbols), and the data of Gamache et al.

[START_REF] Gamache | A spectral line list for water isotopologues in the 1100-4100 cm -1 region for application to CO2-rich planetary atmospheres[END_REF]

. Because the study of Gamache et al.

[START_REF] Gamache | A spectral line list for water isotopologues in the 1100-4100 cm -1 region for application to CO2-rich planetary atmospheres[END_REF] 

only made calculations for the rotation band, the values of the shifts in the database are from various approximate schemes from the work of Jacquemart et al.

[START_REF] Jacquemart | Semi-empirical calculation of air-broadened half-widths and air pressure-induced frequency shifts of water-vapor absorption lines[END_REF]

, or scaled directly from δair from HITRAN2012

[START_REF] Rothman | The HITRAN2012 molecular spectroscopic database[END_REF] 

(δCO2= δair * 4.211). In the plot, the red open star symbols correspond to Jacquemart et al.'s section 4.2.3 approximation; the red open circle symbols correspond to Jacquemart et al.'s section 4.1 approximation; the red open plus symbols correspond to Jacquemart et al.'s section 4.2.1
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