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We revisit the weak absorption spectrum of natural nitrous oxide between 7250 and 7653 cm -1 for which rovibrational assignments were previously reported in Lu et al.
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Introduction

The present study is part of a long-term project aiming at characterizing the high sensitivity absorption spectrum of nitrous oxide in the near-infrared by cavity ring down spectroscopy (CRDS).

Fig. 1 presents an overview of our preceding studies [START_REF] Bertin | High sensitivity cavity ring down spectroscopy of N 2 O near 1.74 μm[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N 2 O near 1.5 μm (II)[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N 2 O near 1.5 μm (I)[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N 2 O near 1.5 μm (III)[END_REF][START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O 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 N 2 O between 6950 and 7653[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N 2 O near 1.28 μm[END_REF][START_REF] Karlovets | The absorption spectrum of nitrous oxide between 7647 and 7918 cm -1[END_REF][START_REF] Karlovets | High sensitivity Cavity Ring Down Spectroscopy of N 2 O near 1.22 µm: (I) Rovibrational assignments and band-by-band analysis[END_REF][START_REF] Tashkun | High sensitivity Cavity Ring Down Spectroscopy of N 2 O near 1.22 µm[END_REF][START_REF] Karlovets | The absorption spectrum of nitrous oxide between 8325 and 8622 cm -1[END_REF][START_REF] Karlovets | An improved analysis of the N 2 O absorption spectrum in the 1.18 μm window[END_REF] which cover continuously the 5696-8630 cm -1 range. The HITRAN2020 list [START_REF] Gordon | The HITRAN2020 molecular spectroscopic database[END_REF] and the very recent Nitrous Oxide Spectroscopic line list (NOSL-296) (NOSL) [START_REF] Tashkun | The NOSL-296 high resolution 14 N 2 16[END_REF] of 14 N 2 16 O are included in the plot. The present version of the HITRAN list is mostly based on the SISAM.N2O line list constructed by Toth from spectra measured by Fourier transform spectroscopy (FTS) [START_REF] Toth | Linelist of N 2 O parameters from 500 to 7500 cm -1[END_REF]. Most of the SISAM line positions and line intensities are calculated values obtained using spectroscopic parameters obtained from a band-by-band fit of line positions and line intensities. The SISAM list covers the 500-7800 cm -1 spectral range and includes transitions with line strength larger than about 2×10 -25 cm/molecule at 296 K. The very recent NOSL-296 list [START_REF] Tashkun | The NOSL-296 high resolution 14 N 2 16[END_REF] is a calculated line list with positions obtained using an effective Hamiltonian (EH) model with parameters fitted on experimental positions and intensities computed from effective dipole moments (EDM) with parameters fitted on measured line intensities. The NOSL-296 intensity cut off is 1×10 -30 cm/molecule at 296 K, about five orders of magnitude lower than the HITRAN intensity threshold. Our previous CRDS studies [START_REF] Bertin | High sensitivity cavity ring down spectroscopy of N 2 O near 1.74 μm[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N 2 O near 1.5 μm (II)[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N 2 O near 1.5 μm (I)[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N 2 O near 1.5 μm (III)[END_REF][START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O 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 N 2 O between 6950 and 7653[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N 2 O near 1.28 μm[END_REF][START_REF] Karlovets | The absorption spectrum of nitrous oxide between 7647 and 7918 cm -1[END_REF][START_REF] Karlovets | High sensitivity Cavity Ring Down Spectroscopy of N 2 O near 1.22 µm: (I) Rovibrational assignments and band-by-band analysis[END_REF][START_REF] Tashkun | High sensitivity Cavity Ring Down Spectroscopy of N 2 O near 1.22 µm[END_REF][START_REF] Karlovets | The absorption spectrum of nitrous oxide between 8325 and 8622 cm -1[END_REF][START_REF] Karlovets | An improved analysis of the N 2 O absorption spectrum in the 1.18 μm window[END_REF] provided a large number of new line positions which were valuable to refine the parameters of the EH model. As concerns line intensity calculations, they require a set of EDM parameters for each ΔP value (P= 2V 1 +V 2 +4V 3 is the polyad number where V i= 1-3 are the vibrational quantum numbers). The sensitivity of our CRDS setup allows for the detection of lines with intensity on the order of 1×10 -29 cm/molecule at 296 K which were valuable to fit the necessary EDM parameters [START_REF] Toth | Linelist of N 2 O parameters from 500 to 7500 cm -1[END_REF]. We have highlighted in Fig. 1 (red and blue open circles), the transitions for which line intensities were previously retrieved from the CRDS spectra. As illustrated by this figure, line intensities were reported for only part of the recorded CRDS spectra which makes some sets of EDM parameters inaccurate or incomplete.

In the present work, we reconsider the 7250 -7653 cm -1 interval, first assigned by Lu et al. [START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF] in 2012. Intensity information was retrieved in Ref. [START_REF] Karlovets | High sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653[END_REF] for about 740 lines of six strong bands measured at 2 Torr and 10 Torr in the region, which allowed fitting the dominant EDM parameters.

Note that due to the relative weakness of the absorption in the region, (line intensities are smaller than 2×10 -25 cm/molecule), no transitions are included in the HITRAN database in the considered interval. Here, using the same spectra as in Refs. [START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O 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 N 2 O between 6950 and 7653[END_REF], line intensities were systematically retrieved using a multiline fitting program for about 4180 transitions presented on the upper panel of Fig. 1.

The resulting experimental list combined with improved predictions of the N 2 O absorption spectrum will allow for: i.

the rovibrational assignment of a few additional bands not reported in Ref. [START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF],

ii.

detailed analysis of some local rovibrational interactions leading to the detection of extra lines resulting from an intensity transfer,

iii. validation tests of the NOSL-296 list of 14 N 2

O and the Ames line list for all the isotopologues, in particular, for the intensities of the weak bands. Deviations compared to NOSL intensities will help to refine the set of EDM parameters. O between 5500 and 9000 cm -1 .

Lower panel: NOSL-296 [START_REF] Tashkun | The NOSL-296 high resolution 14 N 2 16[END_REF] and HITRAN2020 [START_REF] Gordon | The HITRAN2020 molecular spectroscopic database[END_REF] line lists (cyan and orange symbols, respectively).

The range of previous CRDS investigations is indicated: 5696-5910 cm -1 [START_REF] Bertin | High sensitivity cavity ring down spectroscopy of N 2 O near 1.74 μm[END_REF], 5905-7066 cm -1 [2-4],

6950-7653 cm -1 [START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O 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 N 2 O between 6950 and 7653[END_REF], 7647-7918 cm -1 [START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N 2 O near 1.28 μm[END_REF][START_REF] Karlovets | The absorption spectrum of nitrous oxide between 7647 and 7918 cm -1[END_REF], 7915-8334 cm -1 [9,10], 8320-8622 cm -1 [START_REF] Karlovets | The absorption spectrum of nitrous oxide between 8325 and 8622 cm -1[END_REF][START_REF] Karlovets | An improved analysis of the N 2 O absorption spectrum in the 1.18 μm window[END_REF], and this work. Red and blue circles correspond to CRDS intensities previously reported.

Upper panel: Enlargement corresponding to the 7250 -7653 cm -1 range of the present study. The line intensities of a few bands were previously reported in Ref. [START_REF] Karlovets | High sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653[END_REF] (red circles). About 4180 line intensities are retrieved in the present study (light green symbols).

The rest of this paper is organized as follows. The experimental setup and the construction of the measured lists are briefly recalled in Section 2. In Section 3, we present the spectra analysis, the refined band-by-band fitting of the G v , B v . D v , and H v band parameters and the identification of resonance perturbations. Finally, in Section 4, the comparison of the experimental data to the NOSL and Ames line lists will allow for discussing their respective advantages and drawbacks.

Experimental details

The description of the CRDS recordings has been presented in Refs. [START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O 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 N 2 O between 6950 and 7653[END_REF] and is not repeated here. The cavity ring down spectrometer has been described in detail in Refs. [START_REF] Macko | High sensitivity CW-cavity ring down spectroscopy of water in the region of the 1.5 m atmospheric window[END_REF][START_REF] Morville | Two schemes for trace detection using cavity ring down spectroscopy[END_REF][START_REF] Perevalov | CW-cavity ring down spectroscopy of carbon dioxide isotopologues near 1.5 μm[END_REF]. The ring down cell (142 cm long) was filled with nitrous oxide in natural isotopic abundance (Air Liquide, Alphagaz, purity ≥ 99.99%). The analyzed spectra were recorded at room temperature (294±0. The overview of the N 2 O spectrum at 10 Torr between 7250 and 7653 cm -1 is presented in Fig.

2.

The noise equivalent absorption on the order of α min ≈ 5×10 -11 cm -1 . It led to the detection of the large number of lines with intensity as small as 10 -29 cm/molecule involving many hot bands of the main 14 The complete line list retrieved from the 10 Torr spectra consist of 6656 lines between 7250 and 7653 cm -1 with line intensities ranging between 10 -30 and 2×10 -25 cm/molecule. Water vapor is present as an impurity in our sample. Due to strong lines located in the region (line intensity up to 1×10 -20 cm/molecule), 1475 water lines were identified by comparison to the HITRAN spectroscopic database [START_REF] Gordon | The HITRAN2020 molecular spectroscopic database[END_REF], and removed from the list. A set of about 5180 lines was thus left for the rovibrational assignment.

Rovibrational analysis

Rovibrational assignments

A total of 4186 lines belonging to 69 bands of 14 O were assigned in the 7250-7653 cm -1 region. The observed bands correspond to the ΔP= 12-14 series of transitions. In the following, we will label the bands both (i) with the traditional V 1 V 2 l 2 V 3 normal mode notation where V 1 V 2 l 2 V 3 corresponds to the maximum value of the modulo of the expansion coefficients of the eigenfunctions in the normal mode basis and (ii) with the cluster labeling notation of the upper state: (P l 2 i) where P= 2V 1 +V 2 +4V 3 , l 2 is the quantum number of the angular momentum associated to the vibrational bending mode and i is the order number within the considered polyad increasing with the energy. Due to strong vibrational mixing, the normal mode labeling can be ambiguous while it is not the case for the cluster labeling notation.

As in the previous analysis [START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF], the assignments were carried out by comparison with the predictions of the effective operator models. In the case of the 14 N 2

16

O isotopologue, we used the recent NOSL-296 line list [START_REF] Tashkun | The NOSL-296 high resolution 14 N 2 16[END_REF]. The NOSL list covers the 0.02-13378 cm -1 spectral range and contains almost 900,000 lines with line intensities larger than 10 -30 cm/molecule. This list is based on a nonpolyad model of the effective Hamiltonian [START_REF] Tashkun | Global modeling of the 14 N 2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[END_REF] and effective dipole moment operators [START_REF] Tashkun | The NOSL-296 high resolution 14 N 2 16[END_REF] with parameters fitted against experimental data. In the studied region, the NOSL line list contains about O transitions above an intensity cut-off of 10 -30 cm/molecule. As the line position values of Ref. [START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF] were used as input data for the fit of the NOSL EH parameters, the agreement between the NOSL and presently measured position values is expected to be very good (see below).

For minor isotopologues, the 14 N 15 N 16 O and 15 N 14 N 16 O line positions were calculated using the polyad models of the effective Hamiltonian reported in Ref. [START_REF] Tashkun | Global fitting 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]. The parameters of these models were refitted to the experimental position input files of Ref. [START_REF] Tashkun | Global fitting 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] supplemented by recently published measurements from Refs. [START_REF] Karlovets | The absorption spectrum of nitrous oxide between 8325 and 8622 cm -1[END_REF][START_REF] Karlovets | An improved analysis of the N 2 O absorption spectrum in the 1.18 μm window[END_REF][START_REF] Liu | Cavity ring-down spectroscopy of 15 N enriched N 2 O near 1.56 µm[END_REF][START_REF] Bertin | High sensitivity cavity ring down spectroscopy of N 2 O near 1.74 μm[END_REF]. The same procedure for the EH model of 14 Fig. 3 shows the overview comparison of the CRDS observations of the four N 2 O isotopologues contributing to the analyzed spectrum, to the predictions of their respective effective operator models. About 990 very weak lines (intensity less than 10 -29 cm/molecule) were left unassigned at the final stage of the assignment process. a The number within parentheses correspond to newly assigned bands.

The N 2 O assigned line list provided as Supplementary Material, includes the isotopologue identification, rovibrational assignment, measured line parameters, and corresponding values predicted by the effective operator models. For comparison purpose, the Ames line parameters are also included (see Section 4).

Band-by-band analysis

As usual, we used the following equation of the vibration-rotational energy levels to fit the upper state spectroscopic parameters to the observed wavenumbers: [START_REF] Bertin | High sensitivity cavity ring down spectroscopy of N 2 O near 1.74 μm[END_REF] where G v is the vibrational term value, B v is the rotational constant, D v and H v are the centrifugal distortion constants, J is the angular momentum quantum number. In the case of hot bands, the e and f sub-bands were considered independently. The results of the band-by-band fit of the spectroscopic parameters are given as a Supplementary Material. The lower state constants were constrained to their literature values from Refs. [START_REF] Toth | Linelist of N 2 O parameters from 500 to 7500 cm -1[END_REF][START_REF] Toth | Line positions and strengths of N 2 O between 3515 and 7800 cm -1[END_REF] and are included in the Supplementary Material. A total of 68 bands were fitted. The typical rms value of the fits is about 6 × 10 -4 cm -1 , which is consistent with our claimed accuracy on the line positions (~ 10 -3 cm -1 ).

The retrieved constants ordered according to the band centers are listed in Table 2, for the four isotopologues. In the case of bands located near the borders of the investigated region, the input data set was supplemented with measurements from Refs. [START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF][START_REF] Karlovets | The absorption spectrum of nitrous oxide between 7647 and 7918 cm -1[END_REF]. All these lines are indicated with their source in the Supplementary Material.

Local rovibrational perturbations

Eight 14 N 2 16
O bands were found affected by local Coriolis or anharmonic interactions. Five of these interactions are evidenced for the first time. For some previously analyzed perturbations, we could newly assign some extra lines. The corresponding perturbed transitions were excluded from the fit of the spectroscopic constants. The perturbations were identified on the basis of the NOSL-296 line list [START_REF] Tashkun | The NOSL-296 high resolution 14 N 2 16[END_REF]. Table 3 lists for each of the perturbed bands, their center, the coupling mechanism, the J values corresponding to the energy crossing of the interacting states (J cross ), and the number of extra lines assigned in this work. When available, the references where these perturbations were firstly reported is given in the last column of Table 3. Fig. 4 shows the effect of the anharmonic resonance interaction between the (13 1 7) and ( 131 6) states on the rotational structure of the R branch of the 2112e-0000e band [the cluster labeling notation of the upper state of this band is (13 1 7)]. The differences between the measured line positions of the 2112e-0000e band and those provided by NOSL-296 [START_REF] Tashkun | The NOSL-296 high resolution 14 N 2 16[END_REF] or calculated using the spectroscopic parameters (SP) of Table 2 are plotted on the lower panels. A total of six extra lines (R12, R14, R15, R16, R18, R21) belonging to the 0911e upper state [(13 1 6) in cluster labeling notation] could be identified around the energy crossing J cross = 17. We also assigned three extra lines (Q16, Q17, and Upper panels: Overview of the NOSL-296 and experimental stick spectra of the R(J) branch of 2112e-0000e band. The (13 1 7) upper state is perturbed by an anharmonic interaction with the (13 1 6) state (energy crossing at J cross = 17). The extra lines (R12, R14, R15, R16, R18, R21) belong to the 0911e-0000e band and are marked in red.

Lower panels: Differences between the CRDS line positions and those provided by NOSL-296 [START_REF] Tashkun | The NOSL-296 high resolution 14 N 2 16[END_REF] and the values calculated using the spectroscopic constants (SP) of Table 2.

Note the different Y-axis scales of the two lower panels. The 6200e-1000e band at 7525.861 cm -1 reaching the (14 0 19) upper state is perturbed by an anharmonic resonance interaction with the (16 0 3) perturber state (energy crossing at J cross = 24).

This interpolyad perturbation was firstly analyzed in Ref. [START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF]. Here, we could newly identify eleven extra lines (P23-P26 and R22-R25) due to an intensity transfer towards the 1602e-1000e band. The residuals between the measured line positions of the 6200e-1000e band and those calculated by using the spectroscopic constants of Table 2 and provided by NOSL-296 [START_REF] Tashkun | The NOSL-296 high resolution 14 N 2 16[END_REF] are presented in Fig. 5.

On this figure, the deviations are plotted versus the rotational quantum number of the upper state of the transition, J up . As a given upper state J up level can be accessed through both P-and R-transitions, coincident deviation values for P(J up +1) and R(J up -1) insure that lower state combination difference relations are fulfilled. This agreement was particularly valuable to validate the assignment of the extra lines. As in the previous example, the NOSL predictions agree with the observations within about the experimental uncertainty on the line position (about 1×10 -3 cm -1 ). Nevertheless, here the interaction mechanism involves states belonging to different polyads (P= 14 and 16) and only recently a non-polyad model of the effective Hamiltonian has been developed for 14 The residuals between the measured line positions of the 6110-0110 band and those calculated by using the spectroscopic constants of Table 2 and provided by NOSL-296 [START_REF] Tashkun | The NOSL-296 high resolution 14 N 2 16[END_REF] are presented in Fig. 6 ( to bottom, the experimental data are compared to (i) the NOSL-296 values [START_REF] Tashkun | The NOSL-296 high resolution 14 N 2 16[END_REF], (ii) the values calculated using the spectroscopic constants of Table 2, and (iii) the Ames-296 values [START_REF] Huang | Ames-1 296K IR line lists for N 2 O isotopologues[END_REF]. Fig. 7 presents two columns: in the right panels, all the position measurements are considered for the different comparisons while in the left panels, the comparisons are limited to the lines whose positions were included in the fit of the band-by-band spectroscopic parameters listed in Table 2 (let us call these lines "SP lines", hereafter). Thus, the positions of perturbed or poorly determined lines are excluded from the left panels. SP lines have their positions well reproduced by the band-by-band fits of the SP parameters (│meas. -calc.│ position difference smaller than 10 -3 cm -1 ) and the excluded lines are clearly evidenced by the comparison of the middle panels.

Let us recall that the NOSL and Ames calculated lists were obtained with very different theoretical approaches. While the NOSL list is based on effective operators with parameters fitted against measured line positions and line intensities, the Ames list is based on an empirical potential energy surface (PES) and a pure ab initio dipole moment surface. In the following comparison, we will use the Ames-296 line list available at http://huang.seti.org with file name n2o.6iso.296K.1E-31.15Kcm-1.Y02-A8.dmsC.dat. As expected, the comparison of the lower and upper panels of Fig. 7 illustrates the fact that the accuracy of the Ames positions cannot compete with the NOSL (and SP) position accuracy. The Ames deviations are mostly band dependent with a limited rotational dependence. On average, Ames term values of the upper vibrational states involved in the considered bands appear to be overestimated, by an amount up to 1.5 cm -1 . Although limited, the rotational dependence of the deviations is clear and systematic. The Ames rotational energies are overestimated by amounts increasing with J up to about 0.2 cm -1 .

As most of the presently measured line positions were previously reported in Ref. [START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF] and thus included in the transition dataset used to fit the EH parameters [START_REF] Tashkun | Global modeling of the 14 N 2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[END_REF], the NOSL line positions are in close agreement to the observations even in case of interpolyad interaction (see above).

Nevertheless, as concerns SP lines (for which SP calculated positions deviate by less than 10 -3 cm -1 ), the comparison of the two upper left panels of Fig. 7 seems to indicate that the band-by-band SP parameters allow for a slightly better reproduction of the measured positions than the (non-polyad)

EH model, the NOSL position deviations of some SP lines near 7600 cm -1 being on the order of 5×10 -3 cm -1 . circles. Upper and lower panels are relative to the NOSL-296 [START_REF] Tashkun | The NOSL-296 high resolution 14 N 2 16[END_REF] and Ames [START_REF] Huang | Ames-1 296K IR line lists for N 2 O isotopologues[END_REF] databases, respectively.

The comparison of the measured 14 N 2 16

Oline intensities to those provided by NOSL-296 [START_REF] Tashkun | The NOSL-296 high resolution 14 N 2 16[END_REF] and Ames-296 [START_REF] Huang | Ames-1 296K IR line lists for N 2 O isotopologues[END_REF] line lists is presented in Fig. 8. The overall agreement is good for both calculated lists but each of them shows important deviations for some specific bands. The most obvious problem concerns the NOSL intensity of a series of ΔP = 14 bands, namely 0004-0200, 0004-1000, 0403-1000, 2112-0000 (Q branch), 0114-0310, and 0114-1110 -which have their NOSL line intensities underestimated by about one order of magnitude (red symbols in Fig. 8). The intensity of these bands is mainly determined by the EDM parameter which, due to the lack of intensity information, could not be determined in the global fit of the EDM parameters used to generate NOSL intensities. The present intensity measurements will allow correcting this issue. We note that, in spite of a high dispersion of the intensity ratios, the Ames intensities do not show a similar problem for the considered ΔP = 14 bands (red dots in the lower panel of Fig. 8).

At the opposite, the NOSL line intensities of the 0203e-0000e band centered at 7665.273 cm -1 agree with the measurements while the Ames intensities are systematically underestimated by about 20 % (green dots in Fig. 8). According to Dr. X. Huang from the Ames team, this band is "a sensitive band which intensity may vary by 15-50% according to the dipole moment surface". Note that the agreement observed between the NOSL intensities and the measurements is not surprising because this band is one of the bands for which intensity information was reported in Ref. [START_REF] Karlovets | High sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653[END_REF] and used to derive the EDM ΔP = 14 parameters of the NOSL database. O and an amplitude up to 0.7 cm -1 . tive abundance values (see Table 1), the bands observed for these minor species are all weak (intensity smaller than 2×10 -26 cm/molecule). They belong to the ΔP = 12 and ΔP = 14 series. Overall, considering the weakness of the considered lines, the agreement with the Ames intensity values is satisfactory for the three minor isotopologues. As concerns line intensities calculated using the effective operator approach, a satisfactory agreement is also observed for the intensities of the ΔP = 14 bands but the line intensities of the 5200e-0000e and 6000e-0000e bands (ΔP = 12) are largely overestimated (by a factor of 2 to 4). The line intensities of these bands were calculated using the corresponding dipole moment parameters of the main isotopologue, 14 N 2

16

O [START_REF] Tashkun | The NOSL-296 high resolution 14 N 2 16[END_REF]. As a result, the quality of predictions for these ΔP = 12 bands is low. Although the Ames/meas. intensity ratios show significant dispersion (mostly due to experimental uncertainty related to the weakness of the considered lines), the overall agreement is satisfactory. This observation is of importance to insure that the isotopic abundance in the used N 2 O sample is close to its natural value. Indeed, while the chemical purity of the sample is characterized, no information on the isotopic abundance is generally provided by the gas supplier. The Ames intensity values allow validating the normal isotopic abundance which is generally assumed by default. O isotopologues in the 7250 -7653 cm -1 spectral region. All the bands belong to the ΔP = 14 series except for the 5200e-0000e and 6000e-0000e bands which belong to ΔP = 12 series (red full circles).

Conclusion

The absorption spectrum of nitrous oxide has been reconsidered in the 7250 -7653 cm -1 interval. The systematic retrieval of the line parameters using a multiline fit combined with improved predictions of the N 2 O absorption spectrum have allowed to identify eight additional bands not reported in Ref. [START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF], to identify or extend the analysis of rovibrational interaction affecting a few bands and to tests the NOSL-296 list of 14 N 2

16

O and the Ames line list for all the isotopologues, in particular for line intensities.

The HITRAN database does not provide any line parameters in the region. The comparison validates the quality of the NOSL list of 14 N 2

16

O in the region. This can be partly explained by the fact that line positions [START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF] and part of the line intensities [START_REF] Karlovets | High sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653[END_REF] were already considered in the transition database used to refine the effective operator model used to generate NOSL. The large set of 3328 intensities presently reported are overall in good agreement with NOSL intensities while only 741 lines were measured in Ref. [START_REF] Karlovets | High sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653[END_REF], illustrating the good extrapolation capabilities of the effective operator approach. Nevertheless, six weak ΔP = 14 bands have their NOSL line intensities underestimated by about one order of magnitude compared to measurements because their intensities were not previously measured and relevant ΔP = 14 EDM parameters could not be determined. For the considered bands the Ames intensities are validated by the measurements. Unfortunately, while Ames intensity calculations are found in general very good, the Ames intensities of the 0203-0000 band, which is one of the strongest of the region, are underestimated by about 20 %. Ideally, the best database for N 2 O could be obtained by combining the advantages of the NOSL and Ames intensities. For line positions, no doubt that the NOSL values should be preferred. As concerns line intensities, the choice of the best source is less obvious and would require to systematically identify the NOSL bands with unreliable intensities due to the lack of intensity formation and the Ames "sensitive" bands for which intensity calculations may be less accurate. Let us not that the quality of the NOSL intensities benefits from the large experimental information in the near infrared investigated by CRDS (see Fig. 1). The advantages of the Ames intensities against NOSL are expected to be more obvious at higher energy where much less experimental data are available.

The above considerations relative to the main isotopologue, apply also to the minor species. In case of experimental data too sparse to determine the EDM parameters of a ΔP series of transitions, the Ames intensity values appear to be preferable. The confidence interval (1SD) is in the units of the last quoted digit. a V 1 V 2 l 2 V 3 correspond to the maximum value of the modulo of the expansion coefficients of the eigenfunction. V 2 is given between parenthesis when it is larger than 10. Bold characters are used for the newly assigned bands, b Cluster labeling notation: (P= 2V 1 +V 2 +4V 3 , l 2 , i), i is the order number within the cluster increasing with the energy. We correct here a ten of erroneous values of the i ranking number given in Ref. [START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF],

c G v =G v ' -G v "
is the band center, d Root Mean Square of the (Obs.-Calc.) differences of the position values (in 10 -3 cm -1 unit),

e N fit is the total number of transitions included in the fit; N obs is the total number of measured transitions of the considered band, f Observed branch with the maximum value of the total angular momentum quantum number of the input data, g P =P' -P'', where P' and P'' are the upper and lower polyads.

h Notes 1 -Line positions from Ref. [START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF] were included in the fit; 

Fig. 1 .

 1 Fig. 1. Overview of various line lists of 14 N 2 16

2 Fig. 2 .

 22 Fig. 2. CRDS spectrum of natural nitrous oxide recorded at a pressure of 10.0 Torr.

N 2 16 O 18 O

 1618 isotopologue and the contribution of minor 14 N 15 N 16 O, 15 N 14 N 16 O, and 14 N 2 isotopologues in natural isotopic abundance. A LabVIEW interactive least squares multi-lines fitting program was used to get the line centers and intensities. The line profile was assumed to be of Voigt type with the Gaussian component constrained to the calculated value of the Doppler profile. The fitting process produced the line position, integrated absorbance, Lorentzian widths, and the corresponding local baseline (assumed to be a linear function of the wavenumber).

16 O [ 14 ] 18 O [ 1 , 16 O

 161418116 [START_REF] Tashkun | High sensitivity Cavity Ring Down Spectroscopy of N 2 O near 1.22 µm[END_REF] was used. The dipole moment parameters of14 N 2 were used to fit the measured line intensities of 14 N 15 N 16 O and 15 N 14 N 16 O [9,11,12,15,23-25], and 14 N 2 10-12,15,25]. Only those parameters that affect the measured intensities were fitted. The remaining parameters were fixed at the corresponding values of the 14 N 2 EDM parameters. The eigenfunctions of the fitted effective Hamiltonian polyad models were used for the intensity calculations.

Fig. 3 . 16 O (446), 14 N 15 N 18 O

 316141518 Fig.3. Overview comparison of the measured and predicted line lists of the four nitrous oxide isotopologues contributing to the absorption spectrum between 7250 and 7653 cm -1 : 14 N 2 16 O (446),

1 .Fig. 4 .

 14 Fig. 4. The perturbed R(J) branch of 2112e-0000e band of 14 N 2 16 O at 7443.008 cm -1 .

Fig. 5 .

 5 Fig. 5. Perturbation of the line positions of the 6200e-1000e band of 14 N 2 16 O centered at 7525.861 cm -1 . The residuals between the measured line positions and the values calculated using the spectroscopic constants of Table2and provided by NOSL-296[START_REF] Tashkun | The NOSL-296 high resolution 14 N 2 16[END_REF] are plotted versus the J rotational quantum number of the upper energy level. An interpolyad anharmonic resonance interaction between the (14 0 19) and (16 0 3) vibrational states is responsible of the observed position perturbations around the J crossing value of 24. A total of 11 extra lines belonging to the 1602e-1000e band could be detected (P branch: brown empty circles, R branch: red full circles).

N 2 16 O

 16 to account for interpolyad interactions[START_REF] Tashkun | Global modeling of the 14 N 2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[END_REF]. This model is the one used to generate the NOSL-296 position values.

Fig. 6 .

 6 Fig. 6. Differences between the measured line positions of the 6110-0110 hot band at 7570.895 cm -1 and the corresponding values calculated using the spectroscopic constants (SP) of Table 2 (upper panels) and provided by NOSL-296 [14] (lower panels) for the e and f sublevels, respectively. Left hand: The (13 1 15) upper state is perturbed by interpolyad Coriolis interactions with (i) (14 2 9) around J cross = 17; (ii) (14 2 6) around J cross = 27, and (iii) (14 0 11) around J cross = 37. Right hand: The (13 1 15) upper state is perturbed by interpolyad Coriolis interaction with (14 2 9) around J cross = 21.The (13 1 15) state is the upper state of the 6110-0110 hot band at 7570.895 cm -1 which shows several local perturbations, all due to interpolyad Coriolis interactions with: (i) the (14 2 9) state (J cross = 17 and 21 for e and f sublevels, respectively), (ii) the (14 2 6) state (J cross = 27), and (iii) (14 0 11) state (J cross = 37). Most of these perturbations were first evidenced in Ref.[START_REF] Lu | High Sensitivity CW-Cavity Ring Down Spectroscopy of N 2 O between 6950 and 7653 cm -1 (1.44-1.31 µm): I. Line positions[END_REF]. Here, we could newly

4 . 16 O 16 O

 41616 e-e and f-f sub bands are presented on the left and right panels, respectively). The NOSL predictions allow accounting satisfactorily of the different perturbations. Nevertheless, some significant residuals remain near J cross = 17 and 37 and J cross = 21 for the e-e and f-f sub bands, respectively. It may indicate that the EH parameters of the non-polyad model should be slightly refined to reproduce the line positions within the experimental uncertainty. Comparison with the NOSL-296 and Ames calculated line lists 4.1. 14 N 2We present in Fig.7an overview comparison for the measured 14 N 2 line positions. From top

Fig. 7 .

 7 Fig. 7. Position differences between the measured and the calculated line lists between 7250 and 7653 cm -1 : (i) NOSL-296 [14] (upper panels), (ii) calculated using the band-by-band spectroscopic constants of Table 2 (SP) (middle panels), (iii) Ames-296 [27] (lower panels). Right hand: all the experimental lines are shown. Left hand: only the lines that are included in the fit of the spectroscopic constants are shown. Note the different Y-axis scales of the panels.

Fig. 8 .

 8 Fig. 8. Variation of the ratio of the calculated and measured line intensities versus the measured intensity values of the 14 N 2 16 O transitions in the 7250-7653 cm -1 region. The 0203-0000 band is plotted with green full circles. Six ΔP = 14 bands (0004-0200, 0004-1000, 0403-1000, 2112-0000 (Q branch), 0114-0310, and 0114-1110) with strongly underestimated NOSL intensities are plotted with red full

4. 2 . 18 OFig. 9 18 O

 218918 Fig.9shows the overview comparison of the CRDS line positions for the14 N 15 N 16 O, 15 N 14 N 16 O, and 14 N 2 18O isotopologues to the effective Hamiltonian positions and the Ames-the NOSL list is limited to the main isotopologue and the origin of the EH parameters used for each of the considered minor isotopologue has been detailed in section 3.1. The largest (ν EH -ν CRDS ) deviations are about 5×10 -3 cm -1 for the three minor isotopologues whereas the Ames line positions show deviations with similar general appearance as for14 N 2 16

Fig. 9 . 10 .

 910 Fig. 9. Differences between the line positions of the 14 N 15 N 16 O, 15 N 14 N 16 O, and 14 N 2 18 O isotopologues assigned between 7250 and 7653 cm -1 and their values predicted by the effective Hamiltonian (left panels) and Ames database (right panels). Note the different Y-axis scales of the left-hand and righthand panels.

Fig. 10 .

 10 Fig. 10. Ratios of the line intensities predicted by the effective operator model (left panels) and provided by the Ames database (right panels) to the values measured for the 14 N 15 N 16 O, 15 N 14 N 16 O, and 14 N 2 18

2 - 4 - 5 - 6 - 7 - 8 - 9 -

 2456789 Anharmonic resonance (13 1 7) ↔ (13 1 6) (J cross = 17); 3 -Intrapolyad Coriolis resonance (12 0 14) ↔ (12 3 5) (J cross = 36); Interpolyad anharmonic (14 0 19) ↔ (16 0 3) (J cross = 24); Three interpolyad Coriolis resonances (13 1 15) ↔ (14 2 6) (J cross = 27); (13 1 15) ↔ (14 2 9) (J cross = e: 17 and f: 21) and (13 1 15) ↔ (14 0 11) (J cross =37); Line positions from Ref.[START_REF] Karlovets | The absorption spectrum of nitrous oxide between 7647 and 7918 cm -1[END_REF] were included in the fit; Interpolyad anharmonic resonance (17 1 7) ↔ (15 1 11) (J cross =31); Intrapolyad anharmonic resonance (18 0 4) ↔ (18 0 3) (J cross =13) and Interpolyad Coriolis resonance (18 0 4) ↔ (17 1 10) (J cross =35); Intrapolyad anharmonic (16 0 7) ↔ (16 0 6) (J cross = 32); 10 -Interpolyad Coriolis resonance (16 2 3) ↔ (15 1 13) (J cross = e: 32, J cross = f: 32);

Table 1

 1 

		summarizes the number of transitions and bands measured in this work. Overall,
	seven 14 N 2	16 O bands and one 15 N 14 N 16 O band are newly reported. Their vibrational assignment is
	marked with bold character in

Table 2 .

 2 Both the normal mode and (P l 2 i) cluster labeling assignments are given for each band in

Table 2 .

 2 Note that we correct here a ten of erroneous values of the i rank-

	ing number given in Ref. [5],

Table 1 .

 1 Number of transitions and bands of the different N 2 O isotopologues measured in the 7250-

	7653 cm -1 region.				
	Molecule	HITRAN notation	Abundance [13]	Number of transitions	Number of bands a
	14 N 2 16 O 14 N 15 N 16 O	446 456	9.903×10 -1 3.641×10 -3	3328 359	51(7) 6(0)
	15 N	14 N 16 O	546	3.641×10 -3	325	8(1)
	14 N 2 18 O	448	1.986×10 -3	174	4(0)
			Total		4186	69(8)
	Note:					

Table 3 .

 3 Observed local rovibrational perturbations of 14 N 2

	16 O bands between 7250 and 7653

a Cluster labeling notation.

b First report of the considered perturbation. (TW: This work).

Table 2 .

 2 Spectroscopic parameters (in cm -1) for the different bands of N 2 O isotopologues assigned in the CRDS spectrum between 7250 and 7653 cm

	-1 .
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