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In spite of being a greenhouse gas with a large global warming potential, the absorption spectrum of nitrous oxide in the near infrared is insufficiently characterized. In the present work, the spectral region near 1.74 µm (5695-5910 cm -1 ) is investigated by high sensitivity cavity ring down spectroscopy (CRDS).The noise level of the CRDS spectra corresponds to a typical minimum detectable absorption, αmin, below 10 -10 cm -1 . 3326 transitions are measured and rovibrationally assigned to 50 bands of five nitrous oxide isotopologues ( 14 N2 16 O, 14 N 15 N 16 O, 15 N 14 N 16 O, 14 N2 18 O and 14 N2 17 O) in natural isotopic abundance. The weakest lines assigned have an intensity below10 -28 cm/molecule. For comparison, only three 14 N2 16 O bands are included in the HITRAN database in the region, with a 2×10 -25 cm/molecule intensity cut off. The rovibrational assignments of the spectra were performed by comparison with predictions performed for each isotopologue in the frame of the effective operator approach.

The overall quality of the predictions is satisfactory for line positions. Deviations larger than 0.1 cm -1 are nevertheless noted for 14 N2 16 O and 14 N2 18 O.

The spectroscopic parameters of the upper level of the observed bands were derived from the standard band-by-band fit of the measured line positions. A significant number of bands were found to be perturbed by local rotational perturbations and in some cases, extra lines due to an intensity transfer could be assigned. The interaction mechanisms and the perturbers were univocally identified on the basis of the effective Hamiltonian model. In particular, interpolyad couplings were evidenced indicating that the polyad version of the effective Hamiltonian has to be extended to include Coriolis and interpolyad anharmonic interactions. No satisfactory modeling of the N2O line intensities is yet available in the region.

The CRDS intensity values derived in this work provides a solid set of measurements for future empirical intensity modeling in the region.

Introduction

Nitrous oxide is a powerful greenhouse gas with a Global Warming Potential about 300 times stronger than that of carbon dioxide. Over the last century, the N2O atmospheric concentration has experienced a steep increase from about 270 ppb to 330 ppb mainly due to anthropogenic sources. The present contribution takes part in a long standing effort to better characterize the absorption spectrum of nitrous oxide in the near and short wavelength infrared. In the last years, high sensitivity absorption spectra were recorded by cavity ring down spectroscopy (CRDS), extending importantly previous observations by Fourier Transform Spectroscopy (FTS). The large 5900-8334 cm -1 range (1.7-1.2 µm) was covered using a series of about one hundred fibered distributed feed-back (DFB) laser diodes [START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5l μm (I)[END_REF][2][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (III)[END_REF][START_REF] Liu | High sensitivity CW-Cavity Ring Down Spectroscopy of N2O near 1.28 μm[END_REF][START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N2O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF][START_REF] Karlovets | High sensitivity CW-Cavity Ring Down Spectroscopy of N2O between[END_REF] and an external cavity diode laser (ECDL) [START_REF] Karlovets | High sensitivity Cavity Ring Down Spectroscopy of N2O near 1.22 µm: (I) Rovibrational assignments and band-by-band analysis[END_REF][START_REF] Tashkun | High sensitivity Cavity Ring Down Spectroscopy of N2O near 1.22 µm: (II) 14 N2 16 O line intensity modeling and global fit of 14 N2 18 O line positions[END_REF]. In the present study, we extend the studied spectral interval to lower energy by covering the 5695-5910 cm -1 range using a newly purchased set of DFB laser diodes. The high sensitivity of the recordings (typical noise equivalent absorption of the spectra on the order of αmin~ 8×10 -11 cm -1 ) allowed us for measuring weak lines with intensities below 10 -28 cm/molecule. Overall, more than 4300 lines were measured in the studied region. The rovibrational assignments were performed on the basis of the predictions of the effective Hamiltonian models developed for each isotopologue of nitrous oxide present in natural isotopic abundance in the studied sample. As a result more than 3300 transitions belonging to 50 bands could be assigned to five isotopologues ( 14 N2 16 O, 14 N 15 N 16 O, 15 N 14 N 16 O, 14 N2 18 O and 14 N2 17 O).

After the description of the data acquisition and of the line list construction in the next section, the rovibrational assignments are presented in Section 3. Section 4 is devoted to the band-by-band derivation of the spectroscopic constants of the upper levels and to the analysis of the evidenced rovibrational perturbations. Finally, we discuss in Section 5 the comparison with the line lists calculated in the frame of the effective operator approach.

Experimental setup

The reader is referred to Ref. [START_REF] Kassi | Cavity ring down spectroscopy with 5×10 -13 cm -1 sensitivity[END_REF] for general description of the CRDS setups developed in our group. The spectra recordings were performed with the CRD spectrometer used recently for investigating the 1.75 µm transparency window of carbon dioxide [START_REF] Čermák | High sensitivity CRDS of CO2 in 1.74 µm transparency window. A validation test for the spectroscopic databases[END_REF][START_REF] Karlovets | Analysis and theoretical modelling of the 18 O enriched carbon dioxide spectrum by CRDS near 1[END_REF][START_REF] Karlovets | The 13 CO2 absorption spectrum by CRDS near 1.74 µm[END_REF]. It is of the same type as the DFB setup used in our previous investigations of nitrous oxide at higher energy [START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5l μm (I)[END_REF][2][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (III)[END_REF][START_REF] Liu | High sensitivity CW-Cavity Ring Down Spectroscopy of N2O near 1.28 μm[END_REF][START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N2O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF][START_REF] Karlovets | High sensitivity CW-Cavity Ring Down Spectroscopy of N2O between[END_REF]. Using a set of eight DFB laser diodes (from Eblana Photonics) as light sources, the 5695-5900 cm -1 spectra interval is now accessible for our CRDS recordings. Each laser diode tuning ranges about 20 cm -1 by temperature tuning from -5°C to 55°C allowing for the coverage of the 5693-5850 cm -1 range with only a few spectral gaps: 5714.71-5722.06, 5742.72-5745.47, 5773.38-5778.54, 5847.59-5858.01, 5882.35-5883.52 cm -1 . The finesse of the cavity varied from 130,000 at 5850 cm -1 to 200,000 at 5700 cm -1 resulting in measured ring down (RD) times from 200 μs to 300 μs, respectively. About 30 to 100 RD events were averaged per spectral point.

Fig. 1 CRDS spectrum of natural nitrous oxide near 5810 cm -1 . The sample pressure was 1.0 Torr. Four successive enlargements illustrate the high dynamics of the recordings giving access to absorption coefficients from 10 -6 cm -1 to the noise level αmin~ 5×10 -11 cm -1 .

The cell was filled with N2O (Alphagaz N40, purity>99.99%) in normal isotopic abundance at a pressure of 1.0 Torr. The cell temperature was measured with a temperature sensor (TSic 501, IST-AG, 0.1 K accuracy) fixed on the cell surface, covered by an external blanket of foam for thermal isolation. During the recordings reported here, the cell temperature varied between 293.4 and 295.1 K. The gas pressure was continuously measured by a capacitance gauge (MKS Baratron, 10 Torr, 0.25 % accuracy of the reading).

During the spectrum recording, a wavemeter measured the wavenumber of the laser emission at each spectral step of typically 0.002 cm -1 giving a first frequency calibration of the spectrum. This calibration was then refined using accurate N2O line positions provided by the HITRAN2016 database [13]. This leads to an estimated uncertainty of 1×10 -3 cm -1 on the line center determination of unblended lines.

The minimum detectable absorption coefficient (evaluated as the rms of the base line fluctuation), αmin, varies between 1×10 -10 cm -1 and 4×10 -11 cm -1 depending on the RD time. As a result, line intensities spanning four orders of magnitude (from 5×10 -25 to 5×10 -29 cm/molecule) could be retrieved from the measured spectra. The successive enlargements of the spectra presented in Fig. 1 illustrate the sensitivity and high dynamic range of the recordings and the noise level on the order of αmin~ 5×10 -11 cm -1 . The observed high spectral congestion made the rovibrational assignment particularly laborious. Fig. 2 Fragment of the CRDS (top panel) and simulated (middle panel) room temperature spectra of N2O recorded at 1 Torr near 5795 cm -1 . The residuals between measured and simulated spectra are given in the bottom panel. The stick spectrum in the middle panel corresponds to the retrieved CRDS line list.

Fig. 3

Overview of the spectrum of N2O in natural isotopic abundance in the 5695-5910 cm -1 region. Upper panel: CRDS line list (black circles) obtained in this work. The HITRAN line list which is superimposed consists of bands of 14 N2 16 O (green) and 14 N2 18 O (red). Narrow spectral gaps in the CRDS line list correspond to interval inaccessible with the laser sources at disposal. Lower panel: Line list predicted within the effective operator approach for the various N2O isotopologues. Calculated intensities are rough estimations useful for rovibrational assignments (see Text).

The line centres and line intensities were obtained by using a homemade interactive least squares multi-lines fitting code written in LabVIEW. A Voigt profile with the width of the Gaussian component fixed to the calculated Doppler broadening was adopted for each line. At the pressure of the recordings (1 Torr), the self collisional width is less than 10 -3 cm -1 (HWHM) [13]. This value is significantly smaller than the Doppler broadening of 5.3× 10 -3 cm -1 . For the weak lines, the Lorentzian width was fixed by default to HITRAN value but for the medium and strong lines, significant residuals were observed and the quality of the spectra allowed refining the collisional width. It is difficult to attach individual error bar to the retrieved line intensities. In the case of unblended lines with intensity larger than 3×10 -26 cm/molecule, we estimate the intensity uncertainty to be better than 5 %. This value can reach 50% for weaker lines in particular when they are blended.

The global line list was obtained by gathering line parameters retrieved from the different recordings. It counts 4337 lines presented in the upper part of Fig. 3 which also includes the HITRAN2016 line list for comparison. HITRAN line list consists in the strongest bands of the main isotopologue, 14 N2 16 O and of the strongest bands of the fourth abundant isotopologue, 14 N2 18 O. As shown on Fig. 3, part of the HITRAN lines of 14 N2 16 O are absent from our list. This is due to the fact that they induce a large absorption which results in a very weak transmitted signal by the cavity making the measurement of the ring down time inaccurate. Note that, as a result of the 3.6×10 -4 isotopic abundance of 14 N2 18 O, all the bands included in the HITRAN list for this isotopologue have line intensities below the HITRAN intensity cut off of the main isotopologue 14 N2 16 O (2×10 -25 cm/molecule). As a result, the HITRAN line list is thus largely incomplete above the intensity cut off of the 14 N2 18 O isotopologue (10 -29 cm/molecule).

Rovibrational assignments

In a first step, the presence of impurity lines in the line list, in particular water vapor lines, was searched. By comparison with the HITRAN database [13], 27 water lines were identified and discarded. The rovibrational assignments were performed on the basis of predictions performed for each isotopologue using the effective operator approach. Predicted line lists were generated using the effective Hamiltonians (EH) and effective dipole moment (EDM) operators. The EH has a polyad structure resulting from the approximate relations ω3≈ 2ω1≈ 4ω2 between the harmonic normal mode frequencies. The diagonal blocks are characterized by the polyad number, P, given by P= 2V1+V2+ 4V3 where V1, V2, and V3 denote the normal mode vibrational quantum numbers. The EH used for the different isotopologues are presented in the following references: Ref. [START_REF] Perevalov | Global modeling of the line positions of 14 N2 16 O within the framework of the polyad model of effective Hamiltonian[END_REF] ( 14 N2 16 O), Ref. [START_REF] Ni | Fourier-transform spectroscopy of 14 N 15 N 16 O in the 3800-9000 cm -1 region and global modelling of its absorption spectrum[END_REF] ( 14 N 15 N 16 O), Ref. [START_REF] Tashkun | Global fittings of 14 N 15 N 16 O and 15 N 14 N 16 O vibrational-rotational line positions using the effective Hamiltonian approach[END_REF] ( 15 N 14 N 16 O) and Ref. [START_REF] Tashkun | High sensitivity Cavity Ring Down Spectroscopy of N2O near 1.22 µm: (II) 14 N2 16 O line intensity modeling and global fit of 14 N2 18 O line positions[END_REF] ( 14 N2 18 O). In the case of the 14 N2 17 O isotopologue, a preliminary set of EH parameters fitted to very restricted number of the line positions was used [START_REF] Vlasova | Global fittings of the line positions of the rare isotopic species of the nitrous oxide molecule[END_REF].

In the studied region, all but three bands belong to ΔP= 10 series of transitions. Three 14 N2 16 O bands (3310-0000, 3420-0110 3400-0110 near 5722.8, 5744.7 and 5784.5 cm -1 , respectively) belong to the ΔP= 9 series. In principle, the calculations of the line intensities within the effective operator approach require EDM parameters for each ΔP series and for each isotopologue. This is particularly true in the case of N2O where interpolyad couplings strongly impact the band intensities and differ importantly between the different isotopologues. In the present case, the required sets of ΔP= 9 and 10 EDM parameters are only available for the main isotopologue [START_REF] Daumont | Line intensity measurements in 14 N2 16 O and their treatment using the effective dipole moment approach. I. The 4300-5200 cm -1 region[END_REF][START_REF] Daumont | Line intensity measurements in 14 N2 16 O and their treatment using the effective dipole moment approach. II. The 5400-11,000 cm -1 region[END_REF] which makes the predictions of the line intensities of the minor isotopologues quite hazardous. Nevertheless, although not accurate, intensity predictions are needed for rovibrational assignments based on the comparison of the experiment to the predictions. This is why, the EDM parameters of 14 N2 16 O were used to compute line intensities for all the isotopologues.

The overview of the resulting predicted line list for N2O in natural isotopic abundance is compared to the CRDS line list in Fig. 3. The level of agreement observed at the scale of the overview does not hold at a detailed scale, in particular for line intensities. Nevertheless, in spite of their rough accuracy, the line intensity criterion was crucial in the assignment process.

The assignments of the 14 N 15 N 16 O and 15 N 14 N 16 O lines were made easier by the fact that the line position predictions are accurate as they reproduce FTS measurements obtained with enriched species [START_REF] Ni | Fourier-transform spectroscopy of 14 N 15 N 16 O in the 3800-9000 cm -1 region and global modelling of its absorption spectrum[END_REF][START_REF] Song | Fourier-transform spectroscopy of 15 N 14 N 16 O in the 3500-9000 cm -1 region[END_REF] which include our observations. Fig. 4 Example of spectrum interval involving the contribution of four N2O isotopologues in natural isotopic abundance.

At the final step of the analysis, a total of 3326 transitions could be rovibrationally assigned to 50 bands of the first five nitrous oxide isotopologues, leaving unassigned 984 weak or super weak lines. A sample of spectra involving contributions of four isotopologues is presented in Fig. 4. Table 1 presents the statistics of the assignments. The assigned line list is provided as Supplementary Material. In the case of the principal isotopologue, 14 N2 16 O, 30 bands were assigned. All but five are newly reported while the observations are significantly extended towards high J values for the bands previously reported by FTS (see Fig. 3). The four 14 N2 18 O and two 14 N2 17 O bands are the first ones of these species reported in the studied region. Fig. 5 shows an overview comparison between the experimental and predicted line lists for each isotopologue. The list of the observed bands is given in Table 2. Previous observations in the studied region were all performed by Fourier transform spectroscopy (FTS). The three strongest 14 N2 16 O bands (1401-0000, 2311-0110 and 2201-0000 near 5762.37, 5873.3 and 5888.1 cm -1 , respectively) are those included in the HITRAN database (see Fig. 3). They were first analyzed by Amiot and Guelachvili from spectra recorded with a 60 m absorption path length [START_REF] Amiot | Vibration-rotation bands of 14 N2 16 O: 1.2 micron-3.3 micron region[END_REF]. The HITRAN line parameters of these bands are those retrieved by Toth using absorption path lengths up to 433 m [START_REF] Toth | Line positions and strengths of N2O between 3515 and 7800 cm -1[END_REF]23]. In addition, Toth reported the 4001-1000 weaker band centered near 5929.8 cm -1 which is not included in the HITRAN database. Finally, the 2311-0110 hot band centered at 5737.5 cm -1 was analyzed by Wang et al. on the basis of an FTS spectrum recorded with 105 m path length [START_REF] Wang | Fourier transform spectroscopy of N2O weak overtone transitions in the 1-2 μm region[END_REF]. In the considered region, the 3001-0000 band of 14 N 15 N 16 O and 15 N 14 N 16 O are the only bands of minor isotopologues detected by FTS of natural N2O [START_REF] Toth | Line positions and strengths of N2O between 3515 and 7800 cm -1[END_REF]. Nevertheless, using samples with a very high isotopic enrichment (>97%) and a path length on the order of 100 m, Ni et al. and enriched samples, did not provide observations in our spectral region. Fig. 5 Overview comparison between the CRDS observations in the 5695-5910 cm -1 spectral region and the predictions within the framework of the method of effective operators for the five N2O isotopologues contributing to the spectrum. Note that there are a few spectral gaps in the experimental line list which could not be covered with the diode lasers at disposal. On the upper panel, the HITRAN line list of 14 N216 O (pink circles) is superimposed to the corresponding CRDS line list.

Band-by-band analysis and rovibrational perturbations

Let us first emphasize that in our region nitrous oxide band assignment in terms of quantum numbers of the harmonic oscillators is ambiguous. There are a number of strong anharmonic and Coriolis resonance interactions in this molecule which lead to a delocalisation of the eigenfunctions in the basis of the harmonic oscillators eigenfunctions.

For a given eigenfunction, several harmonic oscillator basis functions can have a large contribution with similar amplitude, leading to ambiguities in the normal mode vibrational labelling. In addition, two or even three eigenfunctions may correspond to the same dominant basis function leading to different vibrational bands with the same normal mode labelling.

Moreover the contributions can change strongly with the J rotational quantum number. For the unambiguous assignment of a vibrational state, the {P ℓ2 i} triplet is used, where P is a polyad number, ℓ2 is vibrational angular momentum quantum number. The integer index, i, increasing with energy, numbers the energy levels with the same P and ℓ2 values, starting with

i= 1.
The standard expression of the vibration-rotation energy levels was used for the bandby-band fit of the spectroscopic parameters:
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where Gv is the vibrational term value, Bv is the rotational constant, Dv and Hv are the centrifugal distortion constants, J is the angular momentum quantum number. The lower state constants were constrained to the values obtained by Toth [START_REF] Toth | Line positions and strengths of N2O between 3515 and 7800 cm -1[END_REF]23]. As the e and f sub-bands may be perturbed in a different way, they were fitted independently. The derived constants are listed in Table 2. The rms values of the differences between the fitted and calculated positions are smaller than 10 -3 cm -1 , which is consistent with our claimed accuracy on line positions.

The detailed results of the band-by-band fit of the spectroscopic parameters are provided as Supplementary Materials. For the bands with rotational structure extending above the high energy border of the investigated region (5910 cm -1 ), the set of line positions used in the fit was complemented with CRDS measurements from Ref. [2] which covers the 5905-6300 cm -1 range. In absence of CRDS values (spectral gaps or too strong absorption), we also completed our set of line positions with HITRAN values for the three strongest 14 N2 16 O bands [13,23].

The added HITRAN line positions (279 in total) are indicated in the Supplementary Material.

Fig. 6

Resonance coupling in two 14 N2 16 O sub-bands leading to local perturbation of line positions and line intensities: 0821f-0220f and 2201e-0000e (left and right hand, respectively). The 0821f upper level (P= 12) is coupled with the 5110f level (P=11) through an interpolyad Coriolis resonance interaction with an energy crossing around Jcross= 16 [2]. The 2201e upper level (P= 10) is coupled with the 1820e level (P= 10) through an intrapolyad anharmonic + ℓ-type resonance interaction with an energy crossing around Jcross= 56. From top to bottom: (i) Predictions of the effective model of 14 N2 16 O [START_REF] Perevalov | Global modeling of the line positions of 14 N2 16 O within the framework of the polyad model of effective Hamiltonian[END_REF], (ii) CRDS line list including a number of extra lines (red circles) due to an intensity transfer to the dark state (A number of the strongest lines of the 2201e-0000e band were taken from the HITRAN database), (iii) Differences between the experimental and EH predicted values of the line positions. As the extra lines of the 0821f-0220f are absent in the effective operator model, the deviations were calculated using the EH predicted positions of the corresponding 0821f-0220f lines, (iii) Differences between the experimental line positions and the corresponding values computed using the spectroscopic parameters (SP) of the upper state derived in this work (Table 2). The plotted shift of the extra lines is relative to the line position calculated with the bright state SP.

A significant number of bands were found to be affected by a local perturbation induced by a resonance vibration-rotation interaction. In those cases, the perturbed line positions were excluded from the fit of the spectroscopic parameters. Table 3 lists the perturbed bands together with the corresponding perturbers and interaction mechanisms identified on the basis of the effective Hamiltonian model. The value (Jcross) of the angular momentum quantum number at which the energy level crossing between bright and dark perturber states takes place is given in the table.. When the coupling involves vibrational states belonging to the same polyad (intrapolyad interaction), the perturbation may be satisfactorily predicted by the EH model but in two cases, an interpolyad coupling was found responsible of the perturbation. For three bands (0821-0220 and 2201-0000 of 14 N2 16 O and 3111-0110 of 14 N2 18 O), a few extra lines could be identified around the energy crossing lines, using lower state combination relations. Fig. 6 compares the observations to the EH predictions for the 0821-0220 and 2201-0000 bands of 14 N2 16 O affected by inter-and intrapolyad interaction, respectively. As expected, around the energy crossing, the interpolyad interaction induces important shifts of the line positions compared to both the EH predictions and the spectroscopic parameters (SP) calculations. At the opposite, in the case of the intrapolyad interaction of the 2201-0000 band, the EH positions of the perturbed lines are very close to the measurements even for the extra lines. b Previous reference in which the perturbation of the upper state was observed.

Discussion

Fig. 7 shows an overview comparison between the CRDS positions values and the corresponding EH model predictions [START_REF] Tashkun | High sensitivity Cavity Ring Down Spectroscopy of N2O near 1.22 µm: (II) 14 N2 16 O line intensity modeling and global fit of 14 N2 18 O line positions[END_REF][START_REF] Perevalov | Global modeling of the line positions of 14 N2 16 O within the framework of the polyad model of effective Hamiltonian[END_REF][START_REF] Ni | Fourier-transform spectroscopy of 14 N 15 N 16 O in the 3800-9000 cm -1 region and global modelling of its absorption spectrum[END_REF][START_REF] Tashkun | Global fittings of 14 N 15 N 16 O and 15 N 14 N 16 O vibrational-rotational line positions using the effective Hamiltonian approach[END_REF]. As only few EH parameters of the 14 N2 17 O isotopologue were fitted to very restricted number of the line positions [START_REF] Vlasova | Global fittings of the line positions of the rare isotopic species of the nitrous oxide molecule[END_REF], this isotopologue is excluded from the comparison.

As expected, the agreement is very good for the 14 N 15 N 16 O and 15 N 14 N 16 O species for which the EH model relies on extensive measurements by FTS of highly enriched samples [START_REF] Ni | Fourier-transform spectroscopy of 14 N 15 N 16 O in the 3800-9000 cm -1 region and global modelling of its absorption spectrum[END_REF][START_REF] Song | Fourier-transform spectroscopy of 15 N 14 N 16 O in the 3500-9000 cm -1 region[END_REF]. The average and rms values of the (EH-CRDS) position differences are 1.2×10 -3 and 1.8×10 -3 cm -1 for 14 N 15 N 16 O, respectively and 6×10 -4 and 1.6×10 -3 cm -1 for 15 N 14 N 16 O, respectively. Considering the frequent blending and the weakness of the absorption lines of these minor isotopologues in natural abundance in the CRDS spectra, these values are satisfactory. In the case of the main isotopologue, the largest deviations (up to about 0.2 cm -1 ) are due to the interpolyad perturbation of the 0821f-0220f sub band. Deviations up to 0.035 cm -1 are observed for high J transitions of the 2311f-0110f sub-band which is also perturbed by interpolyad Coriolis resonance interaction. Excluding 5 % of the measured line positions, the average and rms values of the (EH-CRDS) position differences of 14 N2 16 O are 3.2×10 -4 and 4×10 -3 cm -1 , respectively. In the case of 14 N2 18 O, the set of EH parameters of Ref. [START_REF] Tashkun | High sensitivity Cavity Ring Down Spectroscopy of N2O near 1.22 µm: (II) 14 N2 16 O line intensity modeling and global fit of 14 N2 18 O line positions[END_REF] was fitted against a scarce set of measured line positions consisting of FTS data below 2435 cm -1 and CRDS data in the 6007-8230 cm -1 range. The present data provides then a test of the interpolation capabilities of this model. The largest deviations (up to 0.3 cm -1 ) concern the highly perturbed 1511-0110 hot band near 5780.2 cm -1 . The HITRAN line list of 14 N2 18 O reproduces the predictions of the effective model [START_REF] Tashkun | High sensitivity Cavity Ring Down Spectroscopy of N2O near 1.22 µm: (II) 14 N2 16 O line intensity modeling and global fit of 14 N2 18 O line positions[END_REF]. It appears that for a significant part of the measured lines, the deviations largely exceed the HITRAN uncertainty attached to the 14 N2 18 O positions (between 0.001 and 0.01 cm -1 ).

Fig. 7

Differences between the line positions predicted using the effective Hamiltonians [START_REF] Tashkun | High sensitivity Cavity Ring Down Spectroscopy of N2O near 1.22 µm: (II) 14 N2 16 O line intensity modeling and global fit of 14 N2 18 O line positions[END_REF][START_REF] Perevalov | Global modeling of the line positions of 14 N2 16 O within the framework of the polyad model of effective Hamiltonian[END_REF][START_REF] Ni | Fourier-transform spectroscopy of 14 N 15 N 16 O in the 3800-9000 cm -1 region and global modelling of its absorption spectrum[END_REF][START_REF] Tashkun | Global fittings of 14 N 15 N 16 O and 15 N 14 N 16 O vibrational-rotational line positions using the effective Hamiltonian approach[END_REF] and the measured values, for the first four N2O isotopologues.

The intensity modeling of the 14 N2 16 O spectrum in the region was performed in Ref.

[19] on the basis of intensity measurements from Fourier transform spectra. The lines with intensities higher than 5×10 -26 cm/molecule at 296 K were used to fit the ΔP= 10 EDM parameters. The vibration-rotation eigenfunctions needed to calculate the transition moments corresponded to an old set of EH [START_REF] Perevalov | Global fittings of rovibrational line positions of nitrous oxide[END_REF]. The EDM fit of Ref. [START_REF] Daumont | Line intensity measurements in 14 N2 16 O and their treatment using the effective dipole moment approach. II. The 5400-11,000 cm -1 region[END_REF] reached the experimental uncertainties of the line intensities of a few %. Since that time a lot of new experimental line positions were published by CRDS [START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5l μm (I)[END_REF][2][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (III)[END_REF][START_REF] Liu | High sensitivity CW-Cavity Ring Down Spectroscopy of N2O near 1.28 μm[END_REF][START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N2O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF][START_REF] Karlovets | High sensitivity CW-Cavity Ring Down Spectroscopy of N2O between[END_REF][START_REF] Karlovets | High sensitivity Cavity Ring Down Spectroscopy of N2O near 1.22 µm: (I) Rovibrational assignments and band-by-band analysis[END_REF][START_REF] Tashkun | High sensitivity Cavity Ring Down Spectroscopy of N2O near 1.22 µm: (II) 14 N2 16 O line intensity modeling and global fit of 14 N2 18 O line positions[END_REF] and FTS [START_REF] Wang | Fourier transform spectroscopy of N2O weak overtone transitions in the 1-2 μm region[END_REF]. Part of them (Refs. [START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5l μm (I)[END_REF][2][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (III)[END_REF][START_REF] Liu | High sensitivity CW-Cavity Ring Down Spectroscopy of N2O near 1.28 μm[END_REF][START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N2O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF][START_REF] Karlovets | High sensitivity CW-Cavity Ring Down Spectroscopy of N2O between[END_REF][START_REF] Wang | Fourier transform spectroscopy of N2O weak overtone transitions in the 1-2 μm region[END_REF]) were used to refine the EH parameters of 14 N2 16 O [START_REF] Perevalov | Global modeling of the line positions of 14 N2 16 O within the framework of the polyad model of effective Hamiltonian[END_REF]. The new set of EH parameters contains a number of additional resonance interaction parameters. Consequently, the expansion coefficients of the eigenfunctions corresponding to the old set [START_REF] Perevalov | Global fittings of rovibrational line positions of nitrous oxide[END_REF] and to the new set [START_REF] Perevalov | Global modeling of the line positions of 14 N2 16 O within the framework of the polyad model of effective Hamiltonian[END_REF] of EH parameters differ considerably. This is why line intensities computed using the EDM parameters of Ref. [START_REF] Daumont | Line intensity measurements in 14 N2 16 O and their treatment using the effective dipole moment approach. II. The 5400-11,000 cm -1 region[END_REF] and the new eigenfunctions [START_REF] Perevalov | Global modeling of the line positions of 14 N2 16 O within the framework of the polyad model of effective Hamiltonian[END_REF] may be inaccurate. This is illustrated in Fig. 6 where the strong 2201-0000 band near 5762 cm -1 is predicted more than two times smaller than measured while it was satisfactorily reproduced in Ref. [START_REF] Daumont | Line intensity measurements in 14 N2 16 O and their treatment using the effective dipole moment approach. II. The 5400-11,000 cm -1 region[END_REF]. In the future, the line intensities measurements relative to the ΔP=10 series [START_REF] Daumont | Line intensity measurements in 14 N2 16 O and their treatment using the effective dipole moment approach. I. The 4300-5200 cm -1 region[END_REF][START_REF] Daumont | Line intensity measurements in 14 N2 16 O and their treatment using the effective dipole moment approach. II. The 5400-11,000 cm -1 region[END_REF][START_REF] Toth | Line positions and strengths of N2O between 3515 and 7800 cm -1[END_REF] will be collected and a new set of EDM parameters will be derived using the eigenfunctions of Ref. [START_REF] Perevalov | Global modeling of the line positions of 14 N2 16 O within the framework of the polyad model of effective Hamiltonian[END_REF].

As mentioned above, the line intensity predictions were performed for the sake of the line assignments. The 14 N2 18 O predicted line list [START_REF] Tashkun | High sensitivity Cavity Ring Down Spectroscopy of N2O near 1.22 µm: (II) 14 N2 16 O line intensity modeling and global fit of 14 N2 18 O line positions[END_REF] included in the HITRAN2016 database has line intensities computed using the ΔP= 10 EDM parameters of the principal isotopologue [START_REF] Daumont | Line intensity measurements in 14 N2 16 O and their treatment using the effective dipole moment approach. II. The 5400-11,000 cm -1 region[END_REF]. In Fig. 8, the comparison of our measured 14 Ratios of the 14 N2 18 O line intensities measured by CRDS to those from HITRAN2016 in the 5695-5910 cm -1 region.

Concluding remarks

The knowledge of the absorption spectrum of nitrous oxide has been extended by high sensitivity cavity ring down spectroscopy near 1.72 µm. Line parameters were derived for more than 4000 lines with intensities as small as 10 -28 cm/molecule at 296 K. The line assignment was performed using the predictions within the framework of the method of effective operators. The polyad models of EH were used for the line position and intensity calculations. Overall, 3326 lines were assigned to 50 bands of five nitrous oxide isotopologues ( An overall good agreement between the predicted and observed line positions is observed except for two bands -0821-0220 and 2311-0110 of 14 N2 16 O -which are perturbed by interpolyad Coriolis resonance interactions (these interactions are not taken into account by polyad model of EH) and the 3111-0110 band of 14 N2 18 O which is perturbed by very strong intrapolyad anharmonic resonance interaction. These results demonstrate once again the importance of interpolyad couplings which make necessary to develop a non-polyad EH model accounting for all interpolyad anharmonic and Coriolis resonance interactions in the 14 N2 16 O molecule.

As concerns line intensities, the present study has shown that a new modeling of the line intensities for the ΔP= 10 series of transitions has to be performed. It will be the subject of a separate contribution. The use of an old set of EDM parameters [START_REF] Daumont | Line intensity measurements in 14 N2 16 O and their treatment using the effective dipole moment approach. II. The 5400-11,000 cm -1 region[END_REF] combined with the eigenfunctions corresponding to the most recent EH modeling (that of Ref. [START_REF] Perevalov | Global modeling of the line positions of 14 N2 16 O within the framework of the polyad model of effective Hamiltonian[END_REF]) leads to inaccurate line intensity predictions. In general, transition moments have to be computed using consistent sets of EDM parameters and eigenfunctions. This was not the case in the predicted intensities computed in this work in order to help for the rovibrational assignments.

Note that, in principle, this issue applies to all the ΔP< 10 series of the Nitrous Oxide Spectroscopy Databank (NOSD) [START_REF] Tashkun | NOSD-1000, the high-temperature nitrous oxide spectroscopic databank[END_REF] which should be reconsidered.

Table 2. Spectroscopic parameters (in cm -1 ) for the different bands of the N2O isotopologues assigned in the CRDS spectrum between 5695 and 5910 cm -1 .

The bands are ordered in increasing order of the upper level vibrational term. Lower state constants were constrained to the values of Refs. [START_REF] Toth | Line positions and strengths of N2O between 3515 and 7800 cm -1[END_REF]23] Band a (P l2 i) b Gv(cm -1 ) Bv (cm -1 ) Dv(10 -7 cm -1 ) Hv (10 -12 cm -1 ) ν0 c (cm -1 ) a V1V2ℓ2 V3correspond to the maximum value of the modulo of the expansion coefficients of the eigenfunction. V2 is given between parentheses when it is larger than 10. * The asterisk is used to distinguish the different upper vibrational states with the same labelling in terms of the harmonic oscillators quantum numbers b Cluster labeling notation: (P=2V1+V2+4V3, ℓ2,i): i is the order number within the cluster, increasing with the energy. c ν0 is the band center d Observed branch with the maximum value of the total angular momentum quantum number.

Jmax d P/Q/R
e n is number of transitions included in the fit; N is number of assigned transitions.

f Root Mean Squares of residuals of the spectroscopic parameters fit is given in 10 -3 cm -1 .

g Notes:

1 -Interpolyad Coriolis resonance interaction (12 2 12) ↔ (11 1 11) (energy levels crossing at e: J=10; f: J= 16)

  N2 18 O line intensities to HITRAN2016 values is presented. As one can see from this figure, the average ratios of the line intensities vary from 0.4 to 1.6. In spite of the low 14 N2 18 O natural abundance in our sample (all the measured intensities are smaller than 2×10 -26 cm/molecule) the present line intensity measurements of 14 N2 18 O can be used for the improvement of the line intensity modeling in the ΔP= 10 series of transitions of this isotopologue.
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Table 1

 1 Summary of the number of transitions and bands of different N2O isotopologues reported in the literature and obtained in this work by CRDS in the 5695 -5910 cm -1 region.

	Isotopologue HITRAN notation Abundance [13]	Number of bands This work Literature	Number of transitions
	14 N2 16 O	446	0.990333	31	5 [19,21-25]	2193
	14 N 15 N 16 O	456	3.64093×10 -3	5	7 a [15]	344
	15 N 14 N 16 O	546	3.64093×10 -3	8	13 a [20]	434
	14 N2 18 O	448	1.98582×10 -3	4	0	310
	14 N2 17 O	447	3.6928×10 -4	2	0	45
			Total	50		3326
	Note					

a Observations using a sample highly isotopically enriched

Table 3

 3 Observed perturbations of the N2O bands between 5695 -5910 cm-1 Isotopologue Band affected Center (cm -1 ) Resonance interaction mechanism Jcross a Ref.b 

				Intrapolyad anharmonic+ℓ-type	
		2201e-0000e 5762.3723	(10 0 5)↔ (10 2 7)	56
				Extra lines: P56 R54 R55	
		2221e-0000e 5772.6227	Intrapolyad anharmonic (10 2 9)↔ (10 2 7)	72
		2311e-0110e 5737.4930	Interpolyad Coriolis (11 1 5)↔ (10 2 20)	smooth
		1402e-0001e 5774.8275	Intrapolyad anharmonic (14 0 8)↔ (14 0 7)	29	[7]
		3600e-0200e 5861.7095	Intrapolyad anharmonic (12 0 9)↔ (12 0 8)	smooth
	14 N2 16 O	3221e-0220e 5859.2559 3221f-0220f 5859.2543	Intrapolyad anharmonic (12 2 15)↔ (12 2 16)	smooth [5]
		3620e-0220e 5860.4318 3620f-0220f 5860.4317	Intrapolyad anharmonic (12 2 16)↔ (12 2 15)	smooth [5]
		0821e-0220e 5714.0247	Interpolyad Coriolis	
				(12 2 12) ↔ (11 1 11)	10
		0821f-0220f 5714.0255	Extra lines: P10 P11 P12 R10 Interpolyad Coriolis		[2]
				(12 2 12) ↔ (11 1 11)	16
				Extra lines: P14-P17 R11-R16	
		0911e-0310e 5840.3476 0911f-0310f 5840.3488	Intrapolyad anharmonic (13 1 8)↔ (13 1 9)	smooth [5]
	14 N 15 N 16 O	1511e-0110e 5794.6863 1511f-0110f 5794.6889	Intrapolyad anharmonic (11 1 6)↔ (11 1 7)	smooth [15]
	15 N 14 N 16 O	0711e-0110e 0711f-0110f	5683.5629 5683.5627	Intrapolyad anharmonic+ℓ-type (11 1 5)↔ (11 3 7)	45 51
				Extra lines: P17 P18 R15 R16	
		3111e-0110e 5780.2161	Intrapolyad anharmonic	smooth
	14 N2 18 O			Extra line: P19 Extra lines: P17 P18 R15 R16	
		3111f-0110f 5780.21832	Intrapolyad anharmonic	smooth
				(11 1 6)↔ (11 1 7)	
	Notes				

a Value of the angular momentum quantum number at which the energy level crossing takes place.

  14 N2 16 O, 14 N 15 N 16 O, 15 N 14 N 16 O, 14 N2 18 O and 14 N2 17 O). 31 bands are newly reported for 14 N2 16 O, 14 N2 18 O and 14 N2 17 O.

N 14 N

O[START_REF] Song | Fourier-transform spectroscopy of 15 N 14 N 16 O in the 3500-9000 cm -1 region[END_REF], respectively. The low isotopic abundance of these isotopologues in our natural sample (about 3.6×10 -3 ) prevented the detection of new bands. As concerned the 14 N2

O and 14 N2

O species, the FTS investigation performed by Amiot[START_REF] Amiot | Vibration-rotation bands of 15 N2 16 O-14 N2 18[END_REF] with highly
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