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Using FT spectra (Bruker IFS 120, unapodized FWHM resolution ≈ 0.001 cm -1 ) of methyl bromide CH 3 Br, absolute line positions and intensities, as well as self-and N 2broadening coefficients have been measured for about 1200 lines, between 880 and 1050 cm -1 , in the 6 ν band of both 12 CH 3 79 Br and 12 CH 3 81 Br isotopologues. An absolute wavenumber calibration has been performed using the frequencies of the 2 ν band of NH 3 . A multispectrum fitting procedure has been used to retrieve simultaneously the line parameters from 6 experimental spectra recorded at different pressures of CH 3 Br and N 2 . Average absolute accuracies of the measurements have been estimated to be equal to ± 0.0002 cm -1 for line positions, to ± 5% for line intensities, and to ± 5-10% for broadening coefficients. A theoretical treatment of measured line positions permitted a prediction of positions and assignments for the whole 10-µm spectral region. Measured line intensities have been analyzed in order to predict the intensities for the whole 6 ν band. The J and K dependences of the self-and N 2 -broadening coefficients have been observed and modeled. These measurements improve the precision of wavenumbers and line intensities previously obtained and lead us, for the first time, to a complete set of self-and N 2 -broadening coefficients for which clear J-and K-dependences have been observed and modeled. A complete line list containing line positions, intensities, self-and N 2 -broadening coefficients has then been generated for atmospheric purposes from 820 to 1120 cm -1 .

Introduction

Methyl bromide (CH 3 Br) is a trace gas with a tropospheric concentration of about 10 parts per trillion per volume [START_REF]Scientific Assessment of Ozone Depletion[END_REF] and a total atmospheric life time of 0.6 to 0.9 years [START_REF] Yvon-Lewis | The potential effect of oceanic biological degradation on the lifetime of atmospheric CH 3 Br[END_REF].

CH [START_REF] Rothman | The HITRAN 2004 molecular spectroscopic database[END_REF] Br has the highest tropospheric concentration among all long-lived organobromides, making it the primary source of bromine to the stratosphere. Bromine radical in the stratosphere has been shown to contribute significantly to stratospheric ozone loss through coupled reactions with ClO, HO 2 and NO 2 radicals. Although the role of methyl bromide in the stratospheric ozone loss has been well documented, no spectroscopic data is available at the present time for methyl bromide in the atmospheric databases such as HITRAN [START_REF] Rothman | The HITRAN 2004 molecular spectroscopic database[END_REF] and GEISA [START_REF] Jacquinet-Husson | The 2003 Edition Of The GEISA/IASI spectroscopic database[END_REF]. Complete lists of spectroscopic line parameters are necessary to detect methyl bromide in atmospheric spectra and retrieve its concentrations in the atmosphere. Much work has been devoted to CH [START_REF] Rothman | The HITRAN 2004 molecular spectroscopic database[END_REF] Br, almost concerning line positions. An extensive review on this molecule was given by Graner [START_REF] Graner | The Methyl Bromide Molecule: A Critical Consideration of Perturbations in Spectra[END_REF] for works prior to 1981. References on more recent works can be found in Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF].

The present paper follows a series of recent works devoted to the measurements of line positions and line intensities for the [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF] ν band around 10-µm [6], and for the interacting 2 ν and 5 ν bands around 7-µm [7,8]. This work is dedicated to an extensive study of the line parameters of the 6 ν band of CH 3 Br. A multispectrum fitting procedure [10] has been used to adjust simultaneously six experimental spectra recorded at different pressures of CH [START_REF] Rothman | The HITRAN 2004 molecular spectroscopic database[END_REF] Br and N 2 . Line positions, intensities, as well as self-and N 2 -broadening coefficients have been measured for about 1200 transitions between 880 and 1050 cm -1 in the 6 ν bands of 12 CH 3 79 Br and 12 CH 3 81 Br. The average accuracy of the line parameters obtained in this work has been estimated to be ± 0.0002 cm -1 for line positions, ± 5% for line intensities, and ± 5-10% for broadening coefficients.

Measured line positions have been analyzed using the set of codes written by G.

Tarrago [START_REF] Tarrago | Triad v n (A 1 ), v t (E), v t' (E) in C 3v Molecules: Energy and Intensity Formulation (Computer Programs)[END_REF] for C 3v symmetric-top molecules. Line intensities have been fitted using two different ways. The first one, in which all interactions have been neglected, led to the vibrational transition dipole moment for the 6 ν band as well as Herman-Wallis factors that describe the J and K dependences of the transition dipole moment. In the second one, the eigenvectors (determined previously from the calculation of line positions) have been used to model the dipole moment matrix with the set of codes written by G. Tarrago [START_REF] Tarrago | Triad v n (A 1 ), v t (E), v t' (E) in C 3v Molecules: Energy and Intensity Formulation (Computer Programs)[END_REF]. Both line intensity calculations are similar since the 6 ν band is isolated, and the 6 ν level presents weak l-type interactions. The extensive measurements for self-and N 2 -broadening coefficients has been obtained for large sets of values of J and K, for which clear J and K dependences have been observed. Empirical polynomial expansions have been used to model the rotational dependence of the experimental widths. Such a study has, to our knowledge, never been done

for CH [START_REF] Rothman | The HITRAN 2004 molecular spectroscopic database[END_REF] Br.

The experimental procedure and the methodology of the analysis will be first presented respectively in Sections 2 and 3. Then, measurements and calculations of positions, intensities, and broadening coefficients will be presented in Section 4 together with comparisons of line positions and intensities obtained in Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF]. The generation of a complete line list for the whole 10-μm spectral region will be described in Appendix.

Experimental procedure

The rapid scan Bruker IFS 120 HR interferometer of the Laboratoire de Dynamique Interactions, et Réactivités (LADIR in Paris) was used to record six spectra (see Figs. 1 and 2). The unapodized spectral resolution used for each spectrum was about 1.1× 10 -3 cm -1

(FWHM), corresponding to a maximal optical path difference of 450 cm. The interferometer was equipped with a Ge/KBr beamsplitter, a MCT photovoltaic detector, a Globar source, and an optical filter covering the 800 -1100 cm -1 spectral region. Because of the spectral density of the 6 ν bands of CH 3 79 Br and CH 3 81 Br (see Figs. 1 and2) and of the strong values of the self-broadening coefficients, a line by line study could not have been possible

with too high pressures of CH [START_REF] Rothman | The HITRAN 2004 molecular spectroscopic database[END_REF] Br. The choice of the pressure for each spectrum has been done in order to have sufficient information on all the line parameters when analyzing a transition with the multispectrum fitting procedure. The experimental conditions of the six recorded spectra are summarized in Table 1. For all spectra the whole optical path was under vacuum. For five of them a multipass cell of one meter base length was used for a total absorption path of 415 ± 1 cm. One spectrum was recorded using a 30 cm cell. These cells were equipped with KCl windows. The commercial gas sample, furnished by Fluka, with a stated purity of 99.50 % in natural abundances, was used without further purification.

Additional spectrum at low pressure of NH 3 has also been recorded with the multipass cell in order to measure line positions belonging to the 2 ν band of NH 3 and to be able to calibrate the wavenumber scale of the CH [START_REF] Rothman | The HITRAN 2004 molecular spectroscopic database[END_REF] Br spectra.

The temperature of the gas in the cell was recorded with four platinum probes at different places in the cell. The uncertainty on the temperature measurements has been estimated to be ± 1 K. The pressure of the gas was measured with a capacitance MKS Baratron manometer with an accuracy estimated to be ± 1%. Every scan among the 200 recorded for each spectrum has then been individually transformed to spectrum using the Fourier transform procedure included in the Bruker software OPUS package [START_REF] Wartewig | IR and Raman Spectroscopy: Fundamental Processing[END_REF], selecting a

Mertz phase error correction [START_REF] Mertz | Transformations in Optics[END_REF][START_REF] Griffiths | Fourier Transform Infrared Spectrometry[END_REF]. The spectra were not numerically apodized. They were slightly over sampled (over sampling ratio equal to 2) by post-zero filling the interferograms.

Averaging the 200 scans, the signal to noise ratio is nearly equal to 100. Symmetric line profiles were observed on the average spectrum, validating that the phase error was quite well corrected. A discussion on the apparatus function is presented in Section 3.1.1.

Description of the spectra analysis

First is described the apparatus function and the numerical treatment of the spectra that have been used in this study. Then the wavenumber calibration, using NH 3 transitions as references, is presented. Finally, conditions in which the multispectrum procedure has been used to retrieve line parameters are given.

Preliminaries

Apparatus function and numerical treatment of the spectra

For each spectrum, the apparatus function was calculated performing numerically the Fourier transform of the optical weighting function of the interferogram, due to the throughput, truncated at the maximum optical path difference [START_REF] Dana | New improvements in the determination of line parameters from FTS data[END_REF].

In the definition of the apparatus function, the aperture and the focal length of the collimator are sensitive parameters: nominal value the focal length (418 mm) was used. In trying to use the nominal value of the aperture (0.65 mm), noticeable discrepancies were systematically observed on fit-residuals of spectra 1 and 2 (see Table 1 for the indexing of the spectra), when analyzing simultaneously the six spectra. These discrepancies are shown on the lower residuals panel of Fig. 3. Spectra 1 and 2 are the two lowest pressure spectra, in which the effect of the apparatus function is the most sensitive since the collisional widths are weak. Using effective value of 0.80 ± 0.05 mm, obtained in spectra 1 and 2 fitting isolated transitions, led to improvement in the residuals, as it can be seen on the upper residuals panel of Fig. 3. Difference between the use of nominal or effective value can lead to deviations of around 2 % on line intensities and broadening coefficients. Note that no signature appears in the residuals of the fit when the spectra are individually adjusted: the line parameters (especially the line intensity and the broadening parameters) compensate the effect of an "erroneous" apparatus function.

A multiplicative channel spectrum, due to the cell windows has been observed in all experimental spectra. Its period is around 0.60 cm -1 with maximum peak to peak amplitude of about 5 %. Because the adjusted spectral domains used are always less than the half-period of the channel, the channel can be reproduced by the polynomial expansion that adjusts the continuous background (see Ref. [START_REF] Jacquemart | A multispectrum fitting procedure to deduce molecular line parameters. Application to the 3-0 band of 12 C 16 O[END_REF]).

Wavenumbers calibration

In the multispectrum fitting procedure, the absolute zero pressure line positions are the parameters that are looked for (considering the line pressure-shifts negligible). This is possible only if the wavenumber scale of the spectra can be calibrated with respect to standard wavenumbers. The HITRAN wavenumber values for the 2 ν transitions of NH 3 [3] were taken as etalon. The quantity ε = (ν HITRAN2004ν this work ) / ν HITRAN2004 has been calculated for around 50 transitions between 892 and 1034 cm -1 . These lines were adjusted only on spectra 1 and 2, where the most accurate measurements of line positions can be done, and an average of the ε values has been deduced. The mean value < ε > = 1.79×10 -6 has been found with a scattering (1SD) smaller than 0.04 × 10 -6 , which corresponds to a wavenumber deviation of 1.79 ×10 -3 cm -1 at 1000 cm -1 with a scattering (1SD) of 0.04×10 -3 cm -1 . Considering the scattering of the wavenumber calibration, and the accuracy of the line positions of NH 3 given by HITRAN [START_REF] Rothman | The HITRAN 2004 molecular spectroscopic database[END_REF] (better than 0.1×10 -3 cm -1 ), the accuracy of the wavenumber calibration has been estimated to be better than 0.1 ×10 -3 cm -1 . We checked that the ε quantity did not significantly change from spectrum 1 to spectrum 2. As it has been observed previously in

Ref. [START_REF] Jacquemart | Multispectrum fitting of line parameters for 12 C 2 H 2 in the 3.8-μm spectral region[END_REF], this can be generalized to all spectra recorded with a rapid scan interferometer using the same optical arrangement. The average value of 1.79×10 -6 has been used for ε in the absolute wavenumber calibration of the six experimental spectra.

The multispectrum fitting procedure

In the recent previous works on CH [START_REF] Rothman | The HITRAN 2004 molecular spectroscopic database[END_REF] Br, line parameters have been retrieved with a nonlinear least-squares method that adjusts a calculated spectrum to the experimental spectrum [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF][START_REF] Tchana | New analysis of the Coriolisinteracting ν 2 and ν 5 bands of CH 3 79 Br and CH 3 81[END_REF][START_REF] Tchana | Absolute line intensities in methyl bromide: The 7-µm region[END_REF]. We call multispectrum fitting procedure [START_REF] Jacquemart | A multispectrum fitting procedure to deduce molecular line parameters. Application to the 3-0 band of 12 C 16 O[END_REF] a non linear least-squares method in which several laboratory spectra are analyzed simultaneously, and where the adjusted line parameters are the same for all the spectra.

Since methyl bromide has a significant dipole moment, the self-broadened half-widths of CH [START_REF] Rothman | The HITRAN 2004 molecular spectroscopic database[END_REF] Br lines are significantly larger than the N 2 -broadened half-widths. Indeed dipole-dipole interaction is dominant in self-broadening, whereas for collisions between methyl bromide and the homopolar molecules as nitrogen, this is the dipole-quadrupole interaction which is dominant. It results also that the rotational dependence of the self-and N 2 -broadening coefficients are not the same (meaning that the ratio between the self-and N 2 -broadening coefficients is not constant). Thus, in laboratory measurements in which appreciable amounts of methyl bromide are used, self-broadening must be considered while determining foreigngas-broadened linewidths. Line positions (in cm -1 ), intensities (in cm.molecule -1 for natural CH [START_REF] Rothman | The HITRAN 2004 molecular spectroscopic database[END_REF] Br at 296 K), and broadening coefficients (in cm -1 .atm -1 at 296 K) were obtained in one simultaneous fit of the six spectra recorded with various experimental conditions. The total partition function calculated in Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF] has been used to convert the line intensity at 296 K.

For the broadening coefficients, we supposed that the effects of the collision for CH 3 79 Br and CH 3 81 Br are similar, so that the broadening coefficients can be written:

self γ γ γ γ γ = = = = N N / Br CH N / Br CH γ γ γ = = . (2) 
No temperature conversion has been done for the broadening coefficients, since temperatures of all spectra are very closed.

For all spectra, the profile of the line was calculated using a Voigt function. No characteristic signature due to the presence of collisional narrowing or line mixing has been observed in any residual. A study of these collisional phenomena is planed using higher pressures of CH 3 Br and N 2 .

Results

Analyses of the measured line parameters are presented in sub-section 4.1 for the line positions, in sub-section 4.2 for the line intensities, and in sub-section 4.3 for the self-and N 2 -broadening coefficients. Special care has been taken to measure a maximum of transitions with a large scale of J and K values in all type of branches. This effort was necessary to observe and reproduce the strong rotational dependences for the transition dipole moment squared as well as for the half-widths. The whole set of measured line positions, intensities, as well as self-and N 2 -broadening coefficients for the 6 ν band of CH 3 Br is given in Table 2, in which the observed transition dipole moments squared are also reported, as well as the differences between the observed and calculated line positions, intensities, self-and N 2broadening coefficients. It can be noticed that the A+ and A-components for K = 3, 6, 9,… are not resolved. For these transitions, we supposed that the two components A+ and A-are sufficiently closed to be considerate as a single line noted A. In this case, line parameters have been obtained for the sum of the A+ and A-components, noted A in Table 2.

Line positions analysis

The wavenumber calibration, done from NH 3 line positions measurements (see section 3.2.2), allowed the determination of absolute line positions with a mean accuracy estimated better than ± 0.0002 cm -1 . These experimental positions have been compared to those obtained in Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF]. The average discrepancy between line positions of this work and those of Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF] is equal to 0.00024 ± 0.00020 cm -1 for 290 lines in common.

As mentioned above, the analysis of the measured line positions has been done using the set of codes written by G. Tarrago [START_REF] Tarrago | Triad v n (A 1 ), v t (E), v t' (E) in C 3v Molecules: Energy and Intensity Formulation (Computer Programs)[END_REF] for C 3v symmetric-top molecules, which takes into account the l-type interactions and allows the determination of the eigenvectors. For the ground state, the energy levels are calculated using equation and parameters of Ref. [START_REF] Sakai | Laser Stark spectroscopy of the 2ν 6 2 -ν 6 band of CH 3 Br: determination of A 0 , D K 0 and H K 0[END_REF]. For the v 6 = 1 degenerate upper state, the diagonal matrix elements of the vibration-rotation

Hamiltonian as also the l-type off-diagonal matrix elements given in Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF][START_REF] Papousek | Molecular Vibrational-Rotational Spectroscopy[END_REF] have been fitted. The molecular parameters used to fit the measured line positions are given in Table 3, together with those of Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF]. In comparison with Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF], two additional parameters were fitted, q 2J , the J(J+1) dependence of the l-type parameter q 2 and one sixth order centrifugal distortion parameter H J . Experimental line positions and the differences between the experimental and calculated line positions are given in Table 2. The average discrepancy of column labeled Dif in Table 2 (for 1166 transitions) is equal to (0.002 ± 0.118)×10 -3 cm -1 .

The theoretical treatment developed in Ref. [START_REF] Tarrago | Triad v n (A 1 ), v t (E), v t' (E) in C 3v Molecules: Energy and Intensity Formulation (Computer Programs)[END_REF] appeared to reproduce very well the whole set of measurements.

Line intensities analysis

Theory on line intensities analysis of C 3v molecules as methyl bromide can be found in

Refs. [START_REF] Aliev | Third-Order Theory of the Line Intensities in the Allowed and Forbidden Vibrational-Rotational Bands of C 3v Molecules[END_REF][START_REF] Tarrago | Dipole moment matrix for vibration-rotation transitions in C 3v Molecules[END_REF][START_REF] Lauro | Coriolis Interactions about X-Y axes in Symmetric Tops[END_REF][START_REF] Watson | Quadratic Herman-Wallis Factors for Symmetric-and Asymmetric-Top Molecules[END_REF]. In order to check the consistency of the measured values, the transition dipole moment squared 2 B A t Z µ (in Debye 2 ) was deduced from the measured line intensities S obs (obtained for natural CH [START_REF] Rothman | The HITRAN 2004 molecular spectroscopic database[END_REF] Br at 296K in cm.molecule -1 , for a transition between two vibrational-rotational states A → B ) using the following equation:

s t Z B B tot obs g B A T k hc T k E hc T Z hc T S 2 0 0 0 0 0 3 0 0 exp 1 exp ) ( 3 8 4 1 ) ( µ ν ν π πε               - -         ′ ′ - = , ( 3 
)
where 1/4πε 0 = 10 -36 erg⋅cm 3 ⋅D -2 ; h is the Planck's constant equal to 6.6260755 × 10 -27 erg⋅s (1 erg = 10 -7 J); c is the vacuum velocity of light equal to 2.99792458 × 10 10 cm⋅s -1 ; g s is the statistical weight due to nuclear spin of the lower level (g s = 4 for the A+, A-and E rotational levels of the CH 3 Br ground state, for A components if A+ and A-lines are degenerate g s = 8); ν 0 is the transition wavenumber in cm -1 ; Z tot (T 0 ) is the total partition function at temperature T 0 (calculated in Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF]); E", in cm -1 , is the energy of the lower level; k B is the Boltzmann's constant equal to 1.380658 × 10 -16 erg⋅K -1 . Two models have then been used to reduce the data. All measurements and calculations are given in Table 2. For the first model (noted model 1), we decided to neglect all interactions that could perturb the lower and upper states of the transitions. The eigenvectors are approximated to be the K J l , , , v vectors (zero order approximation). In these conditions, the transition dipole moment squared can be written as:

( )  , , ) , ( 2 0 2 K J L K m F R B A t Z = µ ; ( 4 
)
|R 0 | 2 is the vibrational transition dipole moment squared, F(m,K) is the Herman-Wallis factor, and L(J,K,ℓ) is the Hönl-London factor. The F(m,K) factor used in this work comes from the work of Watson [START_REF] Watson | Quadratic Herman-Wallis Factors for Symmetric-and Asymmetric-Top Molecules[END_REF]. The Herman-Wallis factor has been expressed, as it has been done by Pine and Dang-Nhu [START_REF] Pine | Spectral intensities in the ν 1 band of NH 3[END_REF], using the coefficients J A and K A in the following expression of

F(m,K): ( ) 2 2 2 2 1 ) , (         - ′ + + = K K A m A K m F K J , ( 5 
)
where K' is the rotational quantum number for the upper state, and m is equal to -J for ΔJ = -1, 0 for ΔJ = 0, and J+1 for ΔJ = +1 [START_REF] Watson | Quadratic Herman-Wallis Factors for Symmetric-and Asymmetric-Top Molecules[END_REF][START_REF] Pine | Spectral intensities in the ν 1 band of NH 3[END_REF]. Because no isotopologue's dependence has been observed, the values obtained for both CH 3 79 Br and CH 3 81 Br have been fitted together using Eqs. [START_REF] Jacquemart | A multispectrum fitting procedure to deduce molecular line parameters. Application to the 3-0 band of 12 C 16 O[END_REF][START_REF] Wartewig | IR and Raman Spectroscopy: Fundamental Processing[END_REF]. Since the J dependence of the transition dipole moments squared is not significant, we chose to fix the coefficient J A to zero. |R 0 | 2 = 2.688(6)10 -3 Debye 2 and K A = 5.4(2)10 -3 have then been obtained. The differences between observed and calculated values, as well as ) , (

2 0 K m F R
values are listed in Table 2. The ΔK dependence can be easily observed when the values of ) , (

2 0 K m F R
are plotted versus J for each value of K (see Fig. 4). The average discrepancy (100 × (obs -calc) / obs) between the experimental and calculated transition dipole moments squared (or line intensities) is equal to -0.01% ± 3.84%.

The second model (model 2) as developed in the set of codes written by G. Tarrago [START_REF] Tarrago | Triad v n (A 1 ), v t (E), v t' (E) in C 3v Molecules: Energy and Intensity Formulation (Computer Programs)[END_REF] for C 3v symmetric-top molecules that takes into account the l-type interactions and Coriolis interactions. With this method, the eigenvectors obtained from the treatment of the Hamiltonian, can be described as a linear combination of the zero-order basis wavefunctions

K J l , , , v
. The matrix elements of the M-reduced transition moment [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF][START_REF] Tarrago | Dipole moment matrix for vibration-rotation transitions in C 3v Molecules[END_REF][START_REF] Cappellani | Absolute Infrared Intensities in the Fundamentals ν 2 and ν 5 of 12[END_REF] for perpendicular bands are given by: [ ]

) , ( ) 1 2 ( 2 1 1 , ; 1 , 1 , ; 0 , 0 01 ) 2 ( 6 6 6 6 K J F K d d K J l v K J l v t Z ± ± ± ± = ± ± = = = = µ , (6) 
[ ]

) , ( ) 1 2 ( 2 1 1 , ; 1 , 1 , ; 0 , 0 11 ) 2 ( 6 6 6 6 K m F K d d K J l v K J l v t Z ± ± ± ± = ± ′ ± = = = = µ . ( 7 
) 6 6 d q ∂ ∂ =
µ is the leading term of the dipole moment transition and (2) 6 d represents a correction factor in K [START_REF] Tarrago | Dipole moment matrix for vibration-rotation transitions in C 3v Molecules[END_REF]. The F function for perpendicular bands, as defined in Ref. [START_REF] Tarrago | Dipole moment matrix for vibration-rotation transitions in C 3v Molecules[END_REF], depends on m and K:

[ ] 2 / 1 2 / 1 2 / 1 01 ) 1 )( ( )] 1 ( [ ] 1 2 [ ) , ( + ± + + - = ± K J K J J J J K J F  , ( 8 
) 2 / 1 11 ) 1 )( ( ) , (         + ± ± ± = ± m K m K m m m K m F . ( 9 
)
The F function is also called Höln-London factor, but is different from a factor 4 to the expression of L(J,K,ℓ) in order to have consistency with Eqs. ( 4) and [START_REF] Graner | The Methyl Bromide Molecule: A Critical Consideration of Perturbations in Spectra[END_REF]. The following expression of L(J,K,ℓ) [START_REF] Cappellani | Absolute Infrared Intensities in the Fundamentals ν 2 and ν 5 of 12[END_REF] has been used:

) 1 ( 4 / ) 1 )( 2 ( ) , ( + + ∆ + + ∆ + = J K K J K K J K J L (ΔJ = +1), (10) 
( ) ( ) [ ] ) 1 ( 4 / 1 ) 1 2 ( ) , ( + ∆ + - + + = J J K K K J J J K J L (ΔJ = 0), ( 11 
) J K K J K J L 4 / ) 1 ( ) , ( - ∆ - = (ΔJ = -1). (12) 
For K = 0, the Hönl-London factors from Ref. [START_REF] Pine | Spectral intensities in the ν 1 band of NH 3[END_REF] used for model 1 in Eqs. [START_REF] Jacquemart | A multispectrum fitting procedure to deduce molecular line parameters. Application to the 3-0 band of 12 C 16 O[END_REF][START_REF] Wartewig | IR and Raman Spectroscopy: Fundamental Processing[END_REF][START_REF] Mertz | Transformations in Optics[END_REF] and those from Refs. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF][START_REF] Tarrago | Triad v n (A 1 ), v t (E), v t' (E) in C 3v Molecules: Energy and Intensity Formulation (Computer Programs)[END_REF][START_REF] Aliev | Third-Order Theory of the Line Intensities in the Allowed and Forbidden Vibrational-Rotational Bands of C 3v Molecules[END_REF][START_REF] Tarrago | Dipole moment matrix for vibration-rotation transitions in C 3v Molecules[END_REF][START_REF] Lauro | Coriolis Interactions about X-Y axes in Symmetric Tops[END_REF] used for model 2 and reported in Eqs. [START_REF] Tchana | Absolute line intensities in methyl bromide: The 7-µm region[END_REF][START_REF] Tarrago | Triad v n (A 1 ), v t (E), v t' (E) in C 3v Molecules: Energy and Intensity Formulation (Computer Programs)[END_REF] have to be multiplied by a factor 2. This is due to the statistical weight g KJ which is included in the Hönl-London factors. Indeed, in these expressions, the value of g KJ has been chosen equal to 2J+1, which is true for K ≠ 0, but not for K = 0 where the statistical weight g KJ is equal to 2×(2J+1). Note that in the work of Hertzberg [START_REF] Herzberg | Molecular spectra and molecular structure, II. Infrared and Raman spectra of polyatomic molecules[END_REF], the g KJ statistical weight has deliberately not been included in the expression of the Hönl-London factors.

Supposing that the l-type interactions of the levels are weak (the eigenvectors are close to K J l , , , v vectors), it is possible to compare the intensity parameters deduced from both methods: d 6 should be close to |R 0 |. However, due to the fact that the parameter d 6 in Eqs.

(6,7) is inside the brackets whereas in Eq. ( 4) |R 0 | 2 is outside the parentheses, no direct comparison can be done between the correction factor (2) 6 d , and the Herman-Wallis coefficient K A given in Refs. [START_REF] Pine | Spectral intensities in the ν 1 band of NH 3[END_REF][START_REF] Cappellani | Absolute Infrared Intensities in the Fundamentals ν 2 and ν 5 of 12[END_REF]. We checked that the two polynomial expressions ) , ( can be seen that a discrepancy (2-8%) between both calculations appears for K = 1 and 2 subbranches and increases with high J values (between 30-60). The difference between the results of the two models is due to effects of l-type interactions for close levels having K = 1 and 2, and high J values. For the other transitions, it seems that l-type interactions could be neglected for the line intensities analysis.

Comparisons with experimental results of Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF] led to an average discrepancy between the observed line intensities of this work and those of Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF] equal to -2.3% ± 5.4%

(100 × (this work -Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF]) / Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF]) for 290 lines in common. If we use the calculated line intensities of Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF] and our measured line intensities (around 1200 transitions), an average discrepancy of -5.6 ± 7.0 % (100 × (this work -Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF]) / Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF]) is found. These discrepancies are too large to be only due to the experimental accuracy of both studies.

Indeed, due to a lack of measured line intensities in Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF], especially for values of K greater than 5, the K dependence of the M-reduced transition moment has not been taking account in

Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF]. The effect can be seen in Table 4 and 5 of Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF], where systematic negative discrepancies between the calculated and observed line intensities are observed for transitions with ΔK = +1 and high value of K, whereas systematic positive discrepancies are observed for transitions with ΔK = -1 and high value of K. The values of d 6 = 0.05369(9) and 0.05352 [START_REF] Tarrago | Triad v n (A 1 ), v t (E), v t' (E) in C 3v Molecules: Energy and Intensity Formulation (Computer Programs)[END_REF] Debye, obtained for CH 3 79 Br and CH 3 81 Br respectively [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF], are 3.5% different to the value we obtained using model 2, resulting in a 7% mean difference on the line intensities.

Self-and N 2 -broadening coefficients analysis

Extensive measurements of broadening coefficients, obtained for various values of K and for a large scale of J values, can allow the study of the rotational dependence (in J and K) of broadening coefficients. Such a work requires a great amount of accurate measurements.

For C 3v molecules, the study of Nemtchinov et al. [START_REF] Nemtchinov | Measurements of line intensities and half-widths in the 10μm bands of 14 NH 3[END_REF] on NH 3 , and the study on CH 3 D of Predoi-Cross et al. [26,[START_REF] Predoi-Cross | Measurements and theoretical calculations of N 2 -broadening and N 2 -shifting coefficients in the ν 2 band of CH 3 D[END_REF] can be cited as recent works dealing with the rotational dependence of broadening coefficients for large sets of J and K values. For methyl bromide, such a study has, to our knowledge, never been done. The experimental self-and N 2 -broadening coefficients, obtained for J and K values ranging from 0 to 55 and 0 to 9 respectively, are listed in Table 2. In order to correctly model the line widths, we chose to fit the broadening coefficients for each value of J as a function of K. As it has been observed in numerous works concerning C 3v molecules [START_REF] Nemtchinov | Measurements of line intensities and half-widths in the 10μm bands of 14 NH 3[END_REF][26][START_REF] Predoi-Cross | Measurements and theoretical calculations of N 2 -broadening and N 2 -shifting coefficients in the ν 2 band of CH 3 D[END_REF][START_REF] Lepère | K-dependence of broadening coefficients for CH 3 F-N 2 and for other systems involving a symmetric top molecule[END_REF][START_REF] Chackerian | Methyl Chloride ν 5 Region Lineshape Parameters and Rotational Constants for the ν 2 , ν 5 , and 2ν 3 Vibrational Bands[END_REF][START_REF] Bouanich | Theoretical O 2 -and N 2 -Broadening Coefficients of CH 3 Cl Spectral Lines[END_REF][START_REF] Levy | Hydrogen-and Helium-Broadening Phosphine Lines[END_REF], for a set of broadening coefficients with same value of J, the widths decrease with K. Each set of same value of J was fitted by a polynomial expansion of order two in K (fixing the first-order term to zero):

2 2 0 ) ( K a a K J J J + = γ . ( 13 
)
Example of these fits is given in Fig. 5 for J = 7, 10, 20, 35. The two coefficients 0 J a and 2 J a obtained for each set of same value of J have then been plotted versus J in Figs. 6 and 7 for the self-broadening coefficients respectively, and in Figs. 8 and9 for the N 2 -broadening coefficients. As it can be observed in these figures, the zero and second order coefficients are monotonously J dependent, and can be fitted by effective polynomial expansion in J.

The polynomial expansions chosen to fit the 0 J a and 2 J a coefficients obtained for the selfbroadening coefficients are equal to:

5 5 , 0 4 4 , 0 3 3 , 0 2 2 , 0 1 , 0 0 , 0 0 , J a J a J a J a J a a a self self self self self self self J + + + + + = . ( 14 
) 6 6 , 2 5 5 , 2 4 4 , 2 3 3 , 2 2 2 , 2 1 , 2 0 , 2 2 , J a J a J a J a J a J a a a self self self self self self self self J + + + + + + = , J ≤ 39. ( 15 
) J a a a self self self J 1 , 2 0 , 2 2 , + = , for J ≥ 40. ( 16 
)
For the N 2 -broadening coefficients, we used:

3 3 , 0 2 2 , 0 1 , 0 0 , 0 0 , 2 2 2 2 2 J a J a J a a a N N N N N J + + + = . ( 17 
) 5 5 , 2 4 4 , 2 3 3 , 2 2 2 , 2 1 , 2 0 , 2 2 , 2 2 2 2 2 2 2 J a J a J a J a J a a a N N N N N N N J + + + + + = , for J ≤ 16. ( 18 
) J a a a N N N J 1 , 2 0 , 2 2 , 2 2 2 + = , for J ≥ 17. ( 19 
)
The coefficients resulting from the fits in J of the 0 J a and 2 J a parameters are summarized in Table 4 for both self-and N 2 -broadening coefficients. All these parameters allowed us to calculate the self-or N 2 -broadening coefficients for any value of J and K.

Because of the lack of measurements for low and high values of J and to avoid any extrapolation, we decided to constrain the self-broadening coefficient 0 J a to the value of 0.380 for J < 4, and to the value of 0.150 for J > 52. In the same way, we chose to constrain the N 2broadening coefficient 0 J a to the value of 0.090 when J > 55. This empirical treatment has been used to calculate the self-and N 2 -broadening widths for the line list presented in Appendix, where a discussion on the limit of the extrapolation of this model is also discussed.

Experimental and calculated self-and N 2 -broadening coefficients are plotted for each value of K and versus J in Figs. 10 and11. The discrepancies between experimental and calculated broadening coefficients are presented in column named %self and %N 2 of Table 2. The average discrepancy %self is equal to 0.8% ± 6.4 %, and the average discrepancy %N 2 is equal to -0.3% ± 3.3 %. The J and K dependences of the measurement is reproduced with accuracy better than 10 % for the self-broadening coefficients, and around 5 % for the N 2broadening coefficients.

Conclusion

Absolute line positions, intensities, self-and N 2 -broadening coefficients have been measured for around 1200 transitions belonging to the 6 ν band of CH 3 Br near 10 µm.

Constants for the energy of the v 6 = 1 level, as well as intensity parameters for 6 ν band have been deduced and can be considered as an improvement of line positions and intensities previously obtained in Ref. [START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF]. Measurements of numerous self-and N 2 -broadening coefficients for different values of J and K led to a fitting of self-and N 2 -broadening coefficients. All the parameters obtained in this work allowed to generate a complete line list for atmospheric observation of CH 3 Br transitions around 10 µm (see Appendix).

Appendix

The line list is available upon requests to the authors, and will be proposed to the HITRAN [START_REF] Rothman | The HITRAN 2004 molecular spectroscopic database[END_REF] and GEISA [START_REF] Jacquinet-Husson | The 2003 Edition Of The GEISA/IASI spectroscopic database[END_REF] databases. An extract of this list is presented in Table 5.

In order to produce a complete line list of transitions for the 6 ν band of CH 3 Br, interpolation and extrapolation of our measurements have been done. All allowed transitions that have line intensities greater than 10 -26 cm.molecule -1 (for a natural CH 3 Br at 296K) have been generated. 14909 lines corresponding to rotational quanta numbers J and K, respectively included between 0 and 59, and 0 and 22, have been calculated. Line positions have been calculated using the spectroscopic constants of this work for the rovibrational levels of the 6 ν state, and those of Ref. [START_REF] Sakai | Laser Stark spectroscopy of the 2ν 6 2 -ν 6 band of CH 3 Br: determination of A 0 , D K 0 and H K 0[END_REF] for the rovibrational levels of the ground-state. For line intensities, we chose the calculation using G. Tarrago's set of codes [START_REF] Tarrago | Triad v n (A 1 ), v t (E), v t' (E) in C 3v Molecules: Energy and Intensity Formulation (Computer Programs)[END_REF] which include the ltype interactions. Using the values of 2 0

R and K

A (model 1), and the values of 6 d and (2) 6 d (model 2), the calculated line intensities obtained using both models have been compared.

The average ratio between the results of the two models is equal to 0.994±0.012 (average on 14909 transitions). For the self-and N 2 -broadening coefficients, the model developed in Section 4.3 has been used to calculate both widths.

We used for transitions with J less than 55 and K less than 9, an error code [START_REF] Rothman | The HITRAN 2004 molecular spectroscopic database[END_REF] of 4 (10 -4 to 10 -3 cm -1 ) for positions, 6 (2-5%) for intensities, 5 (5-10%) for self-broadening coefficients, and 6 (2-5%) for air-broadening coefficients. Because the reliability of the extrapolation (for positions, intensities, and widths) is not known, the uncertainty codes of extrapolated calculations have been degraded. For J greater than 55, and for K greater than 9, we chose the error codes 3 (10 -3 to 10 -2 cm -1 ) for line positions, 5 (5-10%) for intensities, 4

(10-20%) for self-broadening coefficients, and 5 (5-10%) for air-broadening coefficients. The error codes for the temperature-dependence exponent and for the air-shifting coefficients have been fixed to 1 (default value). All these codes are those of the HITRAN database and can be found in Ref. [START_REF] Rothman | The HITRAN 2004 molecular spectroscopic database[END_REF]. 
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Fig. 1. Overview of the 6 spectra recorded in this work with the Bruker IFS 120 HR interferometer of the LADIR. We assigned a number from 1 to 6 to these experimental spectra (see Table 1 for details). Br for K = 4 in the six spectra recorded in this work. (see Table 1 for the spectra numbers) Fig. 3. Multispectrum fitting of an isolated transition centered at 1035.932 cm -1 . The lower residuals panel corresponds to the residual obtained from the multispectrum fitting procedure using nominal value of the aperture, whereas the upper residuals panel is obtained using effective value of the aperture (see section 3.1.1). Signatures observed for the two lowest pressure spectra (#1 and #2: see Table 1 for the numbering of spectra) disappear when using effective values of the aperture. a deduced from the fit of the measured self-broadening coefficients using Eq. ( 13). The continuous line symbolizes the fit of these coefficients using Eq. ( 14). The error bars are 1SD. Fig. 7. Parameters 2 J a deduced from the fit of the measured self-broadening coefficients using Eq. ( 13). The continuous line symbolizes the fit of these coefficients using Eqs. [START_REF] Jacquemart | Multispectrum fitting of line parameters for 12 C 2 H 2 in the 3.8-μm spectral region[END_REF][START_REF] Sakai | Laser Stark spectroscopy of the 2ν 6 2 -ν 6 band of CH 3 Br: determination of A 0 , D K 0 and H K 0[END_REF]. The error bars are 1SD. Fig. 8. Parameters 0 J a deduced from the fit of the measured N 2 -broadening coefficients using Eq. ( 13). The continuous line symbolizes the fit of these coefficients using Eqs. [START_REF] Papousek | Molecular Vibrational-Rotational Spectroscopy[END_REF]. The error bars are 1SD. Fig. 9. Parameters 2 J a deduced from the fit of the measured N 2 -broadening coefficients using Eq. ( 13). The continuous line symbolizes the fit of these coefficients using Eq. [START_REF] Aliev | Third-Order Theory of the Line Intensities in the Allowed and Forbidden Vibrational-Rotational Bands of C 3v Molecules[END_REF][START_REF] Tarrago | Dipole moment matrix for vibration-rotation transitions in C 3v Molecules[END_REF]. The error bars are 1SD. Fig. 10. J and K dependence observed and calculated for all the self-broadening coefficients measured in this work. The squared symbols symbolize the measured widths, and the continuous line has been used to represent the calculated widths using the algorithm described in section 4.3. Fig. 11. J and K dependence observed and calculated for all the N 2 -broadening coefficients measured in this work. The squared symbols symbolize the measured widths, and the continuous line has been used to represent the calculated widths using the algorithm described in section 4.3. Br) for which the transition is observed, the type of branch for K and J, the rotational quantum number J of the lower state, its symmetry, and the rotational quantum number K of the lower state. Position column corresponds to line positions at zero pressure measured in this work. The Dif column is the difference between the experimental and calculated positions in 10 -3 cm -1 . S obs are the line intensities for natural CH 3 Br at 296K in cm.molecule -1 . 2 obs R are the observed transition dipole moment squared deduced from the measured line intensities. %1 and %2 represent the difference in % ((obs-calc)/calc×100) between the experimental and calculated intensity obtained using respectively the empirical analysis based on the Herman-Wallis factor or the set of codes of Ref. [START_REF] Tarrago | Triad v n (A 1 ), v t (E), v t' (E) in C 3v Molecules: Energy and Intensity Formulation (Computer Programs)[END_REF]. self γ and 2 N γ are the measured self-and N 2 -broadening coefficients in cm -1 .atm -1 . %self and %N 2 are the differences in % between the experimental and calculated widths. Br for K = 4 in the six spectra recorded in this work. (see Table 1 for the spectra numbers) Wavenumbers in cm -1 Transmission Fig. 3. Multispectrum fitting of an isolated transition centered at 1035.932 cm -1 . The lower residuals panel corresponds to the residual obtained from the multispectrum fitting procedure using nominal value of the aperture, whereas the upper residuals panel is obtained using effective value of the aperture (see section 3.1.1). Signatures observed for the two lowest pressure spectra (#1 and #2: see Table 1 for the numbering of spectra) disappear when using effective values of the aperture. .atm -1 Fig. 6. Parameters 0 J a deduced from the fit of the measured self-broadening coefficients using Eq. ( 13). The continuous line symbolizes the fit of these coefficients using Eq. ( 14). The error bars are 1SD. a deduced from the fit of the measured self-broadening coefficients using Eq. ( 13). The continuous line symbolizes the fit of these coefficients using Eqs. [START_REF] Jacquemart | Multispectrum fitting of line parameters for 12 C 2 H 2 in the 3.8-μm spectral region[END_REF][START_REF] Sakai | Laser Stark spectroscopy of the 2ν 6 2 -ν 6 band of CH 3 Br: determination of A 0 , D K 0 and H K 0[END_REF]. The error bars are 1SD. (in cm -1 ) J Fig. 8. Parameters 0 J a deduced from the fit of the measured N 2 -broadening coefficients using Eq. ( 13). The continuous line symbolizes the fit of these coefficients using Eq. [START_REF] Papousek | Molecular Vibrational-Rotational Spectroscopy[END_REF]. The error bars are 1SD. a deduced from the fit of the measured N 2 -broadening coefficients using Eq. ( 13). The continuous line symbolizes the fit of these coefficients using Eqs. [START_REF] Aliev | Third-Order Theory of the Line Intensities in the Allowed and Forbidden Vibrational-Rotational Bands of C 3v Molecules[END_REF][START_REF] Tarrago | Dipole moment matrix for vibration-rotation transitions in C 3v Molecules[END_REF]. The error bars are 1SD. (in cm -1 ) J Fig. 10. J and K dependence observed and calculated for all the self-broadening coefficients measured in this work. The squared symbols symbolize the measured widths, and the continuous line has been used to represent the calculated widths using the algorithm described in section 4.3. .atm -1 J K = 9
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 2 Fig. 2. Spectral region of the P Q branch of CH 3 79 Br and CH 3 81

Fig. 4 .

 4 Fig. 4. Experimental and calculated transition dipole moments squared of the ν 6 band of CH 3 Br. Open symbols represents ΔK = +1 transitions, whereas black symbols are used for ΔK = -1 transitions. Squared symbols have been used for ΔJ = 0 transitions, and up-and down-triangles have been employed respectively for ΔJ = -1 and ΔJ = +1 transitions. Black lines represent calculation done using model 1 (see text).
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 5 Fig. 5. Example of the polynomial fit in K (see Eq. 13) of the self-and N 2 -broadening widths for sets of measurements corresponding to J = 7, J = 10, J = 20, and J = 35. The open squares and triangles symbols represent respectively the measured self-and N 2 -broadening widths, whereas the black squares and triangles have been used to reproduce respectively the calculated self-and N 2 -broadening widths.
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 45 Fig.[START_REF] Jacquinet-Husson | The 2003 Edition Of The GEISA/IASI spectroscopic database[END_REF]. Experimental and calculated transition dipole moments squared of the ν 6 band of CH 3 Br. Open symbols represents ΔK = +1 transitions, whereas black symbols are used for ΔK = -1 transitions. Squared symbols have been used for ΔJ = 0 transitions, and up-and down-triangles have been employed respectively for ΔJ = -1 and ΔJ = +1 transitions. Black lines represent calculation done using model 1 (see text).
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 112 Fig.11. J and K dependence observed and calculated for all the N 2 -broadening coefficients measured in this work. The squared symbols symbolize the measured widths, and the continuous line has been used to represent the calculated widths using the algorithm described in section 4.3.
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Table 1 .

 1 Experimental conditions and characteristics of the recorded spectra

	Unapodized apparatus function		
	Maximum optical path difference	450 cm
	FWHM	≈ 1.1 × 10 -3 cm -1
	Nominal aperture radius	0.65 mm
	Effective aperture radius	0.80 mm
	Collimator focal length	418 mm
	Absorbing sample			
	Natural CH 3 Br	50.54 % of CH 3 49.46 % of CH 3	79 Br 81 Br
	Stated purity		99.50 %
	Experimental conditions		
	S/N ratio		≈ 100
	_____________________________________________________
	# CH 3 Br pressure N 2 pressure Temperature Absorption path
		(mbar)	(mbar)	(K)	(cm)
	_____________________________________________________
	1	0.471 2	0	298.1 5	415
	2	0.874 5	0	297.1 5	415
	3	4.73 8	0	298.1 5	415
	4	7.20 0	0	298.1 5	30
	5	2.03 0	25.3 0	297.5 5	415
	6	3.37 6	32.9 0	296.4 5	415
	_____________________________________________________

Table 2 .

 2 Line parameters obtained in this study for the 6 ν bands of CH 3 79 Br and CH 381 Br 

	Assignment	Position	Dif	S obs	R	2 obs	%1 %2	γ	self	%self	γ	N	2	%N 2
	____________________________________________________________________________________________
	RP( 5,A+, 0) 954.17981 -0.05 1.96E-22 2.74E-03	1.3	1.9 0.3934 -2.1 0.1265	2.0
	RP( 5,A+, 0) 954.22797 -0.03 1.98E-22 2.72E-03	0.4	0.0 0.3857 -0.1 0.1269	1.7
	RR( 5,A+, 0) 961.22084 0.00 3.46E-22 2.69E-03 -0.5 -0.8 0.3820	0.9 0.1242	3.9
	RR( 6,A+, 0) 961.84102 -0.01 3.84E-22 2.66E-03 -1.6 -2.0 0.3909	0.2 0.1212	4.8
	RR( 7,A+, 0) 962.45857 -0.01 4.31E-22 2.71E-03	0.2 -0.2 0.4015 -0.4 0.1202	4.0
	RR( 8,A+, 0) 963.07344 -0.07 4.67E-22 2.71E-03	0.1 -0.2 0.3962	3.2 0.1205	2.2
	RR( 9,A+, 0) 963.60176 -0.01 4.78E-22 2.64E-03 -2.1 -2.0 0.4090	2.3 0.1176	3.2
	RP(10,A+, 0) 950.91204 -0.01 4.05E-22 2.86E-03	6.0	6.6 0.4572 -6.3 0.1173	1.9
	RP(10,A+, 0) 950.94763 -0.05 3.94E-22 2.73E-03	0.9	0.6 0.4247	0.8 0.1167	2.5
	RP(12,A+, 0) 949.58752 -0.01 4.36E-22 2.71E-03	0.3	1.0 0.4388	1.9 0.1172 -0.8
	RP(14,A+, 0) 948.25317 0.02 4.78E-22 2.73E-03	1.2	2.1 0.4357	6.2 0.1124	0.7
	RP(14,A+, 0) 948.27856 -0.02 4.80E-22 2.69E-03 -0.4 -0.9 0.4671 -1.0 0.1121	1.0
	RP(15,A+, 0) 947.58227 0.00 4.89E-22 2.72E-03	0.8	1.0 0.4645	0.9 0.1111	0.6
	RP(15,A+, 0) 947.60509 -0.05 4.90E-22 2.68E-03 -1.0 -1.3 0.4685	0.0 0.1107	1.0
	RP(19,A+, 0) 944.87449 0.01 4.84E-22 2.61E-03 -3.3 -2.4 0.4692	1.9 0.1054	1.2
	RP(19,A+, 0) 944.88694 0.01 4.81E-22 2.54E-03 -5.9 -6.2 0.4401	8.7 0.1054	1.2
	RP(20,A+, 0) 944.19144 -0.05 5.04E-22 2.74E-03	1.5	2.4 0.4935 -3.4 0.1090 -3.1
	RP(20,A+, 0) 944.20133 0.01 5.13E-22 2.74E-03	1.3	0.9 0.4912 -2.9 0.1053	0.3
	RR(20,A+, 0) 970.13577 0.02 5.90E-22 2.70E-03 -0.1	0.3 0.4750	0.4 0.1049	0.7
	RP(21,A+, 0) 943.50608 -0.01 4.86E-22 2.68E-03 -0.7 -0.4 0.4865 -2.6 0.1016	2.9
	RP(21,A+, 0) 943.51328 0.00 5.08E-22 2.76E-03	1.9	1.6 0.5001 -5.2 0.1012	3.3
	RQ(22,A+, 0) 956.88770 -0.04 1.01E-21 2.61E-03 -3.5 -2.8 0.4397	6.8 0.0989	4.6
	RQ(23,A+, 0) 956.84247 -0.03 1.00E-21 2.67E-03 -1.4 -0.6 0.4406	5.2 0.1068 -4.0
	RQ(23,A+, 0) 956.90076 -0.02 1.02E-21 2.68E-03 -0.9 -1.1 0.4417	4.9 0.0982	4.4
	RR(23,A+, 0) 971.86099 0.03 5.22E-22 2.57E-03 -4.9 -4.1 0.4558	1.7 0.1020	0.5
	RQ(24,A+, 0) 956.79529 -0.01 9.49E-22 2.61E-03 -3.4 -2.7 0.4221	8.1 0.1010	0.6
	RQ(24,A+, 0) 956.85340 0.01 9.74E-22 2.63E-03 -2.7 -3.0 0.4348	4.9 0.0979	3.8
	RQ(25,A+, 0) 956.74610 -0.02 9.22E-22 2.63E-03 -2.7 -2.4 0.4290	4.4 0.0980	2.8
	RQ(25,A+, 0) 956.80402 0.00 9.37E-22 2.63E-03 -2.8 -3.2 0.4230	5.8 0.0987	2.1
	RR(25,A+, 0) 972.99741 0.04 5.30E-22 2.81E-03	3.9	4.4 0.4953 -9.6 0.0973	3.5
	RQ(26,A+, 0) 956.69495 0.00 8.75E-22 2.60E-03 -3.7 -3.1 0.4129	6.1 0.0911	9.7
	RQ(26,A+, 0) 956.75269 0.03 9.18E-22 2.69E-03 -0.7 -1.0 0.4234	3.5 0.1026 -2.6
	RR(26,A+, 0) 973.56143 0.00 4.91E-22 2.71E-03	0.4	0.6 0.4412 -0.7 0.0987	1.2
	RP(27,A+, 0) 939.33487 0.01 4.30E-22 2.84E-03	5.0	4.4 0.4603 -7.1 0.1003 -1.2
	RP(27,A+, 0) 939.34366 -0.01 4.07E-22 2.73E-03	1.2	1.7 0.4246	0.7 0.1009 -1.7
	RQ(27,A+, 0) 956.69935 0.03 8.56E-22 2.62E-03 -3.0 -3.1 0.3960	7.9 0.0944	5.0
	RR(27,A+, 0) 974.24631 0.01 4.72E-22 2.69E-03 -0.6 -0.9 0.4707 -9.2 0.1011 -1.9
	RP(28,A+, 0) 938.63015 0.01 4.17E-22 2.90E-03	7.1	6.8 0.4758 -12.6 0.1013 -2.8
	RP(28,A+, 0) 938.64169 0.02 3.84E-22 2.71E-03	0.4	1.0 0.4089	1.7 0.0996 -1.2
	RP(29,A+, 0) 937.93734 0.02 3.62E-22 2.70E-03 -0.2	0.3 0.4039	0.0 0.0996 -1.9
	RP(30,A+, 0) 937.21365 -0.02 3.86E-22 3.00E-03 11.1 10.8 0.4593 -14.9 0.0984 -1.3
	RP(31,A+, 0) 936.50192 0.00 3.36E-22 2.78E-03	3.0	2.7 0.4085 -7.5 0.0978 -1.3
	RP(31,A+, 0) 936.52163 0.00 3.21E-22 2.70E-03 -0.1	0.4 0.4004 -5.6 0.0984 -1.9
	RP(32,A+, 0) 935.78786 0.01 3.08E-22 2.73E-03	0.9	0.5 0.3790 -3.8 0.0968 -0.9
	RP(32,A+, 0) 935.81026 -0.03 3.09E-22 2.78E-03	2.9	3.5 0.4089 -10.9 0.0963 -0.4
	RQ(32,A+, 0) 956.34638 0.01 6.39E-22 2.67E-03 -1.0 -0.4 0.3635	0.3 0.0951	0.9
	RR(32,A+, 0) 977.02103 -0.01 3.44E-22 2.65E-03 -1.9 -2.2 0.3576	1.9 0.0959	0.0
	RQ(33,A+, 0) 956.28132 -0.01 5.81E-22 2.61E-03 -3.3 -2.7 0.3372	4.1 0.0930	2.6
	RQ(33,A+, 0) 956.33753 0.07 6.04E-22 2.68E-03 -1.0 -1.5 0.3325	5.5 0.0963 -0.9
	RR(33,A+, 0) 977.56748 -0.02 3.33E-22 2.76E-03	2.0	1.6 0.3589 -2.2 0.0941	1.4
	RQ(34,A+, 0) 956.27015 -0.01 5.84E-22 2.79E-03	3.3	2.6 0.3525 -4.3 0.0948	0.1
	RR(34,A+, 0) 978.11112 0.02 3.01E-22 2.70E-03 -0.2 -0.5 0.3229	4.5 0.0946	0.3
	RQ(36,A+, 0) 956.07428 0.04 4.69E-22 2.68E-03 -1.0 -0.7 0.3139 -0.9 0.0936	0.5
	RP(37,A+, 0) 932.18276 0.01 2.21E-22 2.90E-03	7.3	7.0 0.3360 -11.2 0.0941 -0.5
	RQ(37,A+, 0) 956.00123 0.01 4.38E-22 2.73E-03	1.1	1.6 0.3042 -1.9 0.0938 -0.2
	RQ(37,A+, 0) 956.05634 0.05 4.34E-22 2.67E-03 -1.3 -1.3 0.2859	4.4 0.0947 -1.1
	RR(37,A+, 0) 979.58091 -0.05 2.38E-22 2.78E-03	3.0	3.5 0.3107 -3.9 0.0937 -0.1
	RQ(38,A+, 0) 955.92621 0.00 3.90E-22 2.66E-03 -1.6 -1.1 0.2718	5.4 0.0930	0.3
	RQ(38,A+, 0) 955.98096 -0.04 4.09E-22 2.76E-03	2.0	1.7 0.2878 -0.5 0.0934 -0.1
	RQ(39,A+, 0) 955.84919 -0.01 3.58E-22 2.69E-03 -0.6 -0.1 0.2777 -1.0 0.0926	0.4
	RQ(39,A+, 0) 955.90375 0.05 3.55E-22 2.63E-03 -2.6 -3.0 0.2613	5.2 0.0912	1.9
	RQ(40,A+, 0) 955.82441 0.02 3.25E-22 2.66E-03 -1.5 -1.8 0.2575	2.5 0.0910	1.8
	RP(41,A+, 0) 929.25746 0.01 1.57E-22 3.03E-03 12.1 11.8 0.2622 -3.3 0.0926 -0.2
	RP(42,A+, 0) 928.52040 -0.06 1.24E-22 2.67E-03 -1.1 -1.3 0.2405	1.4 0.0945 -2.5
	RP(42,A+, 0) 928.57075 -0.11 1.21E-22 2.62E-03 -2.9 -2.3 0.2362	3.3 0.0903	2.1
	RQ(42,A+, 0) 955.60614 -0.02 2.58E-22 2.63E-03 -2.7 -2.1 0.2421	0.7 0.0875	5.3
	RQ(42,A+, 0) 955.65973 0.00 2.72E-22 2.74E-03	1.3	0.9 0.2454 -0.6 0.0924 -0.3
	RQ(43,A+, 0) 955.57441 0.03 2.44E-22 2.74E-03	1.3	1.0 0.2477 -5.2 0.0910	1.0
	RR(43,A+, 0) 982.87395 0.02 1.21E-22 2.55E-03 -5.5 -6.0 0.2023 16.1 0.0911	0.9
	RP(45,A+, 0) 926.29597 -0.03 9.36E-23 2.83E-03	4.7	4.5 0.2176	0.3 0.0954 -4.0
	RQ(45,A+, 0) 955.39765 0.02 1.85E-22 2.62E-03 -3.1 -3.4 0.2101	3.8 0.0891	2.8

Table 3 .

 3 Molecular parameters of the ν 6 band of CH 3 Error in parentheses is one standard deviation in units of the last digit. b Fixed to the ground state value of Ref.[START_REF] Sakai | Laser Stark spectroscopy of the 2ν 6 2 -ν 6 band of CH 3 Br: determination of A 0 , D K 0 and H K 0[END_REF].

	79 Br and CH 3	81 Br (cm -1 ) a

a c Fixed in Ref.

[START_REF] Brunetaud | Line intensities in the ν 6 band fundamental band of CH 3 Br at 10 µm[END_REF]

.

Table 5 .

 5 Extract of the line list of the 6 ν band of CH 3 Br around 10 μm Overview of the 6 spectra recorded in this work with the Bruker IFS 120 HR interferometer of the LADIR. We assigned a number from 1 to 6 to these experimental spectra (see Table1for details).
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