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The weak high-resolution absorption spectrum of natural nitrous oxide has been recorded by high sensitivity cavity ring down spectroscopy (CRDS) near 1.18 µm. The frequency scale of the spectra was obtained by coupling the CRDS spectrometer to a self-referenced frequency comb. The room temperature recordings, performed with a pressure of 1 Torr, cover the 8325-8622 cm -1 spectral interval where previous observations were very scarce. More than 3300 lines belonging to four N 2 O isotopologues ( 14 N 2 16 O, 14 N 15 N 16 O, 15 N 14 N 16 O, and 14 N 2 18 O) are measured . Line intensities at room temperature range between 1.2×10 -25 and 3.8×10 -30 cm/molecule. The rovibrational assignments were obtained by comparison with predictions based on the global modeling of the line positions and intensities performed within the framework of the method of effective operators. The band-by-band analysis led to the determination of the rovibrational parameters of a total of 47 bands. All identified bands belong to the Δ P = 14-16 series of transitions, where P =2 V 1 + V 2 +4 V 3 is the polyad number ( V i= 1-3 are the vibrational quantum numbers). Among these bands, only five were previously observed and bands of the Δ P = 15 series are reported for the first time. The position and intensity comparisons to the HITRAN2016 and HITEMP2019 spectroscopic databases are discussed. The HITRAN line list is limited to only four (calculated) bands of the 14 N 2 18 O isotopologue in the studied region while Δ P = 15 bands are missing in the HITEMP list. The present work will help to improve future versions of the spectroscopic databases of nitrous oxide, a strong greenhouse gas.

Dear Sir, Please find attached the revised version of our paper:

The absorption spectrum of nitrous oxide between 8325 and 8622 cm-1 by E.V. Karlovets, S.Kassi, S.A.Tashkun and A. Campargue that we submit to the HITRAN2020 SI of JQSRT.

We hope that the amended version is now suitable for publication in JQSRT.

Regards Alain Campargue

Cover Letter

Response to the reviewers

Ref: JQSRT-D-20-00055

The absorption spectrum of nitrous oxide between 8325 and 8622 cm -1 by E. Karlovets, S. Kassi, S. Tashkun A. Campargue We thank the two reviewers for their useful comments which were taken into account as detailed below.

Reviewer #1: Good work, see attached file.

The manuscript is dealing with the analysis of a single experimental spectrum and the retrieval of line positions and intensities for several bands belonging to 4 isotopologues of N2O. CRDS set up is used with a flow of N2O commercial sample regulated at 1 Torr allowing to access to very weak absorption transitions. In addition to numerous new measurements (more than 3000 in total), the authors produced spectroscopic parameters of levels involved in measured transitions. Measurements and comparisons with calculations are available as supplementary material. Comparisons with HITRAN and HITEMP are given showing the lack of spectroscopic data in databases.

Improvements of the spectroscopic knowledge of N2O molecule has been achieved through this work. The manuscript is well written and totally suitable for the Journal of Quantitative Spectroscopy and Radiative Transfer. Some few minor comments/corrections exposed below:

1/ In Figure 7 and graphical abstract, a typo is probably present for legend of green symbols ( 14 N2 18 O instead of 14 N2 16 O). I guessed it by seeing Figs. 3 and4 (you are using green for this isotopologue). I checked also HITRAN, and there is no transition of 14 N2 16 O after 7800 cm-1 so that green symbol from Fig 7 cannot be main isotopologue transitions.

Thank you for pointing this typo. The green symbols should correspond to 14 N2 18 O. 14 N2 16 O transitions are plotted with black symbols. It is now corrected.

2/ The authors wrote that the measured intensities are given in natural abundance, that the sample is almost pure. But I supposed you assumed the commercial sample to be in natural abundance to derive line intensities. This should be clarified in the text.

Yes, the reviewer is right. We cannot be sure that the isotopologue abundance in our sample coincide with HITRAN abundance values. The sentence "The line intensities of all nitrous oxide isotopologues are given at 296 K and correspond to the natural abundance." has been modified: "The line intensities of all nitrous oxide isotopologues are given at 296 K. The isotopic abundance of the used commercial N2O sample is assumed to be close to the "natural" abundance adopted in the HITRAN database for the different N2O isotopologues (see Table 1). " We have also added as a comment of Fig. 5: "Let us mention that the intensity comparison displayed on Fig. [START_REF] Bailly | 14 N2 16 O emission in the 4.5 μm region: high excitation of the bending mode transitions v1v2v3→v1v l 2 (v3-1) with (2v1+v2)= 5[END_REF] assumes that the isotopic abundances of the minor isotopologues in our sample coincide to HITRAN values. Small deviations from HITRAN isotopic abundances cannot be excluded and may contribute to small systematic deviations as noted for the intensity of the strongest bands of 14 N 15 N 16 O and 15 N 14 N 16 O."

3/ In sup data, the measured line intensities are given at 296 K whereas temperature of exp spectrum is slightly different. Did you perform temperature conversion for measured line intensities? if yes with which partition function? This should be clarified in the text.

The reviewer is right: the intensities listed in the sup mat were not converted to 296 K and correspond in fact to the recording temperatures which evolved in the 293.8-294.7 K range. The difference is mostly negligible for cold bands but might be significant for part of the hot bands.

In the revised version of the sup mat, we now indicate: "Meas Int -measured intensities (in cm/molecule) at the recording temperature of 294.2+/-0.5 K." 4/ Results of the fitted EDM parameters for DP=15 should be given in the text.

We have changed the following portion of the text and provide now the P= 15 EDM parameter values: Previous version:

For the purpose of the present analysis, two main P= 15 EDM parameters, namely, M1,1,3,1 and M-1,4,1,1. (see Ref. [START_REF] Tashkun | Global fit of 12 C 16 O2 vibrational rotational line intensities using the effective operator approach[END_REF] for definitions and notations) were determined in the present work. First, on the basis of line positions, the 1113-0000 band of 14N2 16O belonging to the P= 15 series were assigned in the CRDS spectrum. The values of the M1,1,3,1 and M-1,4,1,1 parameters were fitted to the corresponding measured intensities.

New version:

For the purpose of the present analysis, two main P= 15 EDM parameters, namely, M0,3,3,1 and M3,1,2,1 (see Ref. [START_REF] Tashkun | Global fit of 12 C 16 O2 vibrational rotational line intensities using the effective operator approach[END_REF] for definitions and notations) were determined in the present work. First, on the basis of line positions, the 1113-0000 and 3112-0000 bands of 14 N2 16 O belonging to the P= 15 series were assigned in the CRDS spectrum. The values of the M0,3,3,1 and M3,1,2,1 parameters were fitted to the corresponding measured intensities. The fitted values are 1.364(6) 10 -6 Debye and 5.11(6) 10 -7 Debye, respectively. Details: 1/ In Figs 8 and9, the use of green color for 14 N2 18 O would be more consistent with Figs. 3 and4. It is right, we have changed the color as suggested.

2/In conclusion the authors wrote: "The high sensitivity absorption spectrum of natural nitrous oxide has been analyzed by CRDS in the 8325-8622 cm-1 range corresponding …" I believe an high sensitivity absorption spectrum can be recorded by CRDS but "analyzed by CRDS" sounds strange to me. A spectrum can be analyzed by fitting profile programs In the same idea, transitions are not measured (see end of section 1) "In the present work, more than 3300 transitions belonging to 47 bands of 14N216O, 14N15N16O,15N14N16O, and 14N218O isotopologues were measured and assigned in the…" Transitions can be assigned and fitted. Or transitions are assigned and line positions and intensities are measured. We agree with the reviewer: We now us "recorded" instead of "analyzed" : The high sensitivity absorption spectrum of natural nitrous oxide has been recorded by CRDS in the 8325-8622 cm -1 range corresponding to a weak absorption region where previous measurements were very limited. " And at the end of Section 1, we deleted "measured": In the present work, more than 3300 transitions belonging to 47 bands of 14N216O, 14N15N16O,15N14N16O, and 14N218O isotopologues were measured and assigned in the…" Reviewer #2: Manuscript JQSRT-D-20-00055 titled "The absorption spectrum of nitrous oxide between 8325 and 8622 cm-1" reports the continuous-wave cavity ring-down spectroscopy of a natural sample of N2O over a broad infrared bandwidth of ~300 cm-1. The data for several isotopocules of N2O fills a missing data gap present in HITRAN2016. The newly reported reference data includes the assignment of dozens of band not previously reported, and therefore is highly appropriate for JQSRT. The description of experimental techniques and spectral analysis is sufficient, and citations of the necessary references are appropriate. I recommend that the authors contemplate the below list of minor comments: Highlight #2: "More than 3300 lines of 47 bands of ..." Corrected Page 3, paragraph 2, line 1: "Concerning the spectroscopy of nitrous oxide ..." Corrected Page 3, paragraph 2, line 7: "This spectral range was investigated using a series of about ..." Corrected Page 4, Experimental details, line 4: An abbreviation for self-referenced frequency comb was already introduced on page 3 as SSRFC. Please be consistent. In fact, we speak about self-referenced frequency comb only twice and the abbreviation is in fact useless. It has been deleted. Page 4, Experimental details, line 7: was the spectral resolution of 1.3E-3 cm-1 equal to the cavity free spectral range? Please verify. In fact, the 1.3E-3 cm-1 value corresponds to the step of the sampling that we chose. It could be even smaller but this would increase the recording time. This value is not related to the FSR which is 3.57 E-3 cm-1 for our cavity length of 140 cm. Note that our cavity is not frequency-stabilized and the ring-down events occur in case of accidental coincidence between the frequency of the laser and that of a longitudinal mode of the cavity. Page 6, beginning after Eq. ( 1): various mathematical symbols on page 6 did not convert to PDF. Please correct.

It is now Ok on our pdf

We hope that the amended version is now suitable for publication in JQSRT.

 High sensitivity CRDS of the weak absorption spectrum of N2O between the 8325-8622 cm -1  More than 3300 of 47 bands of 14 N2 16 O, 14 Concerning the spectroscopy of nitrous oxide, the recent exhaustive review by Tashkun [START_REF] Tashkun | Global modeling of the 14 N2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[END_REF] indicates that about 61500 absorption and emission lines of the main isotopologue, 14 N2 16 O, have been reported in the literature below 15000 cm -1 . Most of the data were obtained by Fourier transform spectroscopy (FTS) (e.g. Refs. [START_REF] Amiot | Vibration-rotation bands of 14 N2 16 O: 1.2 micron-3.3 micron region[END_REF][START_REF] Toth | Linelist of N2O parameters from 500 to 7500 cm -1[END_REF][START_REF] Toth | Line Positions and Strengths of N2O between 3515 and 7800 cm -1[END_REF][START_REF] Bailly | 14 N2 16 O emission in the 4.5 μm region: high excitation of the bending mode transitions v1v2v3→v1v l 2 (v3-1) with (2v1+v2)= 5[END_REF][START_REF] Daumont | Line intensity measurements in 14 N2 16 O and their treatment using the effective dipole moment approach. II. The 5400-11000 cm -1 region[END_REF][START_REF] Wang | Fourier transform spectroscopy of N2O weak overtone transitions in the 1-2 μm region[END_REF]), cavity ring down spectroscopy (CRDS) (e.g. Refs. [START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (I)[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (II)[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 N2[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][START_REF] Bertin | High sensitivity cavity ring down spectroscopy of N2O near 1.74 μm[END_REF]), and intracavity laser absorption spectroscopy (ICLAS) (e.g. Refs. [START_REF] Campargue | Overtone spectroscopy in nitrous oxide[END_REF][START_REF] Weirauch | Refined investigation of the overtone spectrum of nitrous oxide[END_REF][START_REF] Herbin | N2O weak lines observed between 3900 and 4050 cm -1 from long path absorption spectra[END_REF][START_REF] Campargue | Overtone spectroscopy of N2O between 10000 and 12000 cm -1 : a test of the polyad approach[END_REF][START_REF] Bertseva | Intracavity laser absorption spectroscopy of N2O with a vertical external cavity surface emitting laser[END_REF][START_REF] Ding | Weak overtone transitions of N2O around 1.05 μm by ICLAS-VECSEL[END_REF][START_REF] Bertseva | New observations of weak overtone transitions of N2O by ICLAS-VeCSEL near 1.07 μm[END_REF]). The series of our previous CRDS investigations [START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (I)[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (II)[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 N2[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][START_REF] Bertin | High sensitivity cavity ring down spectroscopy of N2O near 1.74 μm[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.28 μm[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (III)[END_REF] covered the 5696 -8332 cm -1 near-infrared region and provided a total of about 19000 14 N2 16 O line positions. This spectral range was investigated using a series of f about one hundred fibered distributed feedback (DFB) lasers were previously used as light source below 7920 cm -1 [START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (I)[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (II)[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 N2[END_REF][START_REF] Bertin | High sensitivity cavity ring down spectroscopy of N2O near 1.74 μm[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.28 μm[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (III)[END_REF] and an external cavity diode laser (ECDL) was adopted in the of 7915-8334 cm -1 study [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]. ECDLs allow for a more efficient light injection into the CRDS cell and thus an improved sensitivity. The present investigation in the 8325-8622 cm -1 spectral interval used also an ECDL as light source. In addition, the CRD spectrometer is coupled to a self-referenced frequency comb providing accurate frequency value for each ring down event. As a result, the achieved sensitivity of the spectra (noise equivalent absorption min~ 10 -12 cm -1 ) allowed for using a pressure value limited to 1.0 Torr for the recordings.

Very scarce previous observations are available in the investigated region. They are limited to FTS measurements of three bands of 14 N2 16 O [START_REF] Campargue | Overtone spectroscopy in nitrous oxide[END_REF][START_REF] Weirauch | Refined investigation of the overtone spectrum of nitrous oxide[END_REF], two bands of 14 N 15 N 16 O [START_REF] Ni | Fourier-transform spectroscopy of 14 N 15 N 16 O in the 3800-9000 cm -1 region and global modeling of its absorption spectrum[END_REF] and one band of 15 N 14 N 16 O [START_REF] Song | Fourier-transform spectroscopy of 15 N 14 N 16 O in the 3500-9000 cm -1 region[END_REF]. Note that the 14 N 15 N 16 O and 15 N 14 N 16 O FTS studies were performed with highly enriched isotopic samples [START_REF] Ni | Fourier-transform spectroscopy of 14 N 15 N 16 O in the 3800-9000 cm -1 region and global modeling 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 present sensitivity of the CRDS spectra of natural N2O allowed extending the observation of these two minor isotopologues in spite of a natural isotopic abundance on the order of 3.6×10 -3 in the CRDS sample.

In the CRDS study of the 7915-8334 cm -1 interval [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], just below the presently studied region, CRDS intensity values together with literature data were used to improve the line intensity modeling of the 14 N2 16 O isotopologue. In addition, a global modeling of the line positions of the 14 N2 18 O minor isotopologue was performed [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]. As a result, the 14 N2 18 O line list was generated and has been adopted for the HITRAN2016 spectroscopic database [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF]. Taking into account the small natural isotopic abundance of 14 N2 18 O (1.986×10 -3 ) and the incompleteness of the HITRAN2016 line list for the most abundant isotopologues ( 14 N2 16 O, 14 N 15 N 16 O, 15 N 14 N 16 O), it leads to an unsatisfactory situation of the HITRAN2016 line list which provide many very weak bands of 14 N2 18 O while much stronger bands of the main isotopologue are absent. This is the case in the presently studied interval where the HITRAN list is limited to 130 transitions of four bands of 14 N2 18 O while most of the absorption is due to the main isotopologue (see below).

In the present work, more than 3300 transitions belonging to 47 bands of 14 N2 16 O, 14 N 15 N 16 O, 15 N 14 N 16 O, and 14 N2 18 O isotopologues were assigned in the 8325-8622 cm -1 spectral interval. The rovibrational assignments were performed with the help of the predictions of the polyad and nonpolyad models of effective Hamiltonian described in Refs. [START_REF] Tashkun | Global modeling of the 14 N2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[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][START_REF] Perevalov | Global modeling of the 14 N2 16 O line positions within the framework of the polyad model of effective Hamiltonian[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]. All the bands observed in the presently investigated region correspond to ΔP= 14 and 16 variations of the polyad quantum numbers except for three bands of 14 N2 16 O corresponding to ΔP= 15 which are the first ones detected for this series (P= 2V1+V2+4V3 is the polyad number, Vi= 1-3 being the vibrational quantum numbers). This paper is organized as follows. The experimental setup and the construction of the measured lists are briefly described in Section 2. In Section 3, we present the detailed data analysis, including the rovibrational assignments and band-by-band analysis, which consists of the fitting of Gv, Bv. Dv, and Hv band parameters and identification of resonance perturbations for 14 N2 16 O isotopologue. In Section 4, we discuss the comparison with the spectroscopic list of nitrous oxide: provided in the HITRAN [START_REF] Toth | Linelist of N2O parameters from 500 to 7500 cm -1[END_REF] and HITEMP [START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (II)[END_REF] databases.

Experimental details

The reader is referred to Refs. [START_REF] Mondelain | Sub-MHz accuracy measurement of the S(2) 2-0 transition frequency of D2 by comb-assisted cavity ring down spectroscopy[END_REF][START_REF] Kassi | Cavity Ring Down Spectroscopy with 5×10 -13 cm -1 sensitivity[END_REF][START_REF] Konefał | High sensitivity spectroscopy of the O2 band at 1.27 μm: (I) pure O2 line parameters above 7920 cm -1[END_REF][START_REF] Mondelain | Comb-Assisted Cavity Ring Down Spectroscopy of 17 O enriched water between 7443 and 7921 cm -1[END_REF][START_REF] Kassi | Lamb dip CRDS of highly saturated transitions of water near 1.4 µm[END_REF] for the description of the cavity ring down spectrometer and the frequency tuning of the ECDL. The accurate frequency value associated to each ring-down event was obtained by using a Fizeau type wavemeter (High Finesse WS-U-30 IR) and a self-referenced frequency comb, providing sub-100 kHz accuracy to the instantaneous frequency readings [START_REF] Kassi | Lamb dip CRDS of highly saturated transitions of water near 1.4 µm[END_REF]. Modehop-free tuning range of up to 1.3 cm -1 could be obtained (see 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] for details). The broadband spectra covering the 8325-8622 cm -1 range were obtained by concatenation of a series of partly overlapping, 1.1 cm -1 wide individual spectra, recorded with about 1.3×10 -3 cm -1 step sampling, to be compared to the N2O Doppler line width of about 7×10 -3 cm -1 (HWHM) in the considered region. Each CRDS spectrum of nitrous oxide recorded at a pressure of 1.0 Torr. The overview of the entire region presently investigated from 8325 and 8622 cm -1 is presented on the upper panel. The right-hand intensity scale is adjusted to correspond approximately to the peak heights. The enlargements illustrate the dynamics achieved on the intensity scale and the noise equivalent absorption (min ≈ 5×10 -12 cm -1 ). The spectrum includes a number of interfering lines due to water vapor present in the CRDS cell as an impurity.

The spectra were recorded in flow regime in order to decrease the impact of the lines of water vapor degassing from the cell walls. The flow of nitrous oxide (Alphagaz 99.99% stated purity) was roughly adjusted to 1 sccm with a downstream manual needle valve and the pressure was actively regulated at 1.00 Torr. The temperature of the outer wall of the stainless steel gas cell was monitored with a PT 1000 resistive probe. Over the whole spectrum recordings, the temperature evolved in the 293.8-294.7 K range.

The line centers and intensities were determined using an interactive least squares multi-lines fitting program written in LabVIEW. The line profile was assumed to be of Voigt type. The line position, integrated absorbance, Lorentzian widths and the corresponding local baseline (assumed to be a linear function of the wavenumber) were provided by the fitting procedure. The HWHM of the Gaussian component was fixed to the theoretical value of the Doppler width of the considered nitrous oxide isotopologue. Fig. 2 illustrates the quality of the spectrum fit near 8329.4 cm -1 .

The line intensity,

(cm/molecule), of a rovibrational transition centered at ν0, was obtained from the integrated absorption coefficient,

) ( 0 T A v (cm -2 ): N T S dv T A v line v v ) ( ) ( 0 0     (1)
where  is the wavenumber in cm -1 , s the absorption is the absorption coefficient in cm -1 obtained from the cavity ring down time, (in s):

          0 1 1 c 1   
where c is the light velocity and 0 is 

Rovibrational analysis

Vibrational assignment

In N2O, due to the ω3 ≈ 2ω1≈ 4ω2 approximate relations between the harmonic frequencies, vibrational states are grouped into polyads characterized by the quantum number P= 2V1+V2+4V3. The resulting vibrational energy levels are labeled using the triplet (P, l2, i) where l2 is the vibrational angular momentum associated to the bending vibration ν2, and i is the index increasing with the energy. The measured N2O transitions were assigned with the help of the predictions of the polyad and non-polyad models of effective Hamiltonian (EH) [START_REF] Tashkun | Global modeling of the 14 N2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[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][START_REF] Perevalov | Global modeling of the 14 N2 16 O line positions within the framework of the polyad model of effective Hamiltonian[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]. Up to the recent work of Ref. [START_REF] Tashkun | Global modeling of the 14 N2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[END_REF], all the global fittings of the N2O line positions included only intrapolyad resonance interactions P= 0 (up to the sixth order) but different experimental results made clear that interpolyad interactions, in particular, interpolyad Coriolis interactions are necessary to account for some observed perturbations (see e.g.

Refs. [START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (II)[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] Bertin | High sensitivity cavity ring down spectroscopy of N2O near 1.74 μm[END_REF][START_REF] Campargue | Overtone spectroscopy of N2O between 10000 and 12000 cm -1 : a test of the polyad approach[END_REF]). The non-polyad model of the effective Hamiltonian recently developed for the main isotopologue [START_REF] Tashkun | Global modeling of the 14 N2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[END_REF], takes into account three types of interpolyad interactions allowing for the coupling between the vibrational states belonging to polyads with P = 1 or 2. The N2O predicted line lists used for the assignments, contain calculated line positions and intensities for the four most abundant isotopologues of N2O: 16 O, and 14 N2 18 O were calculated using the polyad models of effective Hamiltonian [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] 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]. The line lists were computed assuming a temperature of 296 K and an intensity cut off 10 -30 cm/molecule for nitrous oxide in natural abundance.

The line intensities were calculated using the effective dipole moment model [START_REF] Daumont | Line intensity measurements in 14 N2 16 O and their treatment using the effective dipole moment approach. II. The 5400-11000 cm -1 region[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]. All identified bands belong to the ΔP= 14-16 series of transitions. For the P= 14 and 16 series of transitions of 14 N2 16 O effective dipole moment parameters were taken from Ref. [START_REF] Daumont | Line intensity measurements in 14 N2 16 O and their treatment using the effective dipole moment approach. II. The 5400-11000 cm -1 region[END_REF]. These parameters were also used to compute the intensities of other isotopologues. The rationale for this approach is that the main effective dipole moment (EDM) parameters slightly depend on the isotopologue masses.

This fact was demonstrated both for symmetric and asymmetric isotopologues of CO2 [START_REF] Karlovets | The influence of isotopic substitution on the effective dipole moment parameters of CO2 molecule[END_REF].

The P= 15 series of transitions contribute to the absorption in our region but, in absence of previous intensity information, no EDM parameters were determined for this series, up to now. For the purpose of the present analysis, two main P= 15 EDM parameters, namely, M0,3,3,1 and M3,1,2,1 (see Ref. [START_REF] Tashkun | Global fit of 12 C 16 O2 vibrational rotational line intensities using the effective operator approach[END_REF] for definitions and notations) were determined in the present work. First, on the basis of line positions, the 1113-0000 and 3112-0000 bands of 14 N2 16 O belonging to the P= 15 series were assigned in the CRDS spectrum. The values of the M0,3,3,1 and M3,1,2,1 parameters were fitted to the corresponding measured intensities. The fitted values are 1.364(6) 10 -6 and 5.11(6) 10 -7 Debye, respectively. All line intensities were then calculated with the polyad models of effective Hamiltonian [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 14 N2 16 O line positions within the framework of the polyad model of effective Hamiltonian[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]. At the final stage of the line list calculations, the 14 N2 16 O line positions were replaced with those calculated using the non-polyad EH model [START_REF] Tashkun | Global modeling of the 14 N2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[END_REF].

Finally, a total of 3307 lines belonging to 47 bands of the 14 N2 16 O, 14 N 15 N 16 O, 15 N 14 N 16 O, and 14 N2 18 O isotopologues were assigned (see Table 1). An overview of the assigned lines is presented in Fig. 3 while the list of observed bands is given in Table 2. Line intensities range between 1.0×10 -25 and 3.8×10 -30 cm/molecule. Only five of the reported bands were previously observed [START_REF] Campargue | Overtone spectroscopy in nitrous oxide[END_REF][START_REF] Weirauch | Refined investigation of the overtone spectrum of nitrous oxide[END_REF][START_REF] Ni | Fourier-transform spectroscopy of 14 N 15 N 16 O in the 3800-9000 cm -1 region and global modeling 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], all by FTS (see Tables 1 and2). Eight bands belong to the minor isotopologues. They include the most excited bands of the 14 N2 18 O isotopologue observed so far. Note that none of the previous FTS studies provided intensity information in the region. 

Note:

a The second number is the number of bands previously observed in the literature in the studied region with corresponding reference.

The complete N2O line list, including the isotopologue identification, rovibrational assignments, line parameters observed in the present work and calculated positions and intensities is provided as supplementary material. The line intensities of all nitrous oxide isotopologues are given at 296 K. The isotopic abundance of the used commercial N2O sample is assumed to be close to the "natural" abundance adopted in the HITRAN database for the different N2O isotopologues (see Table 1).

Note that the recorded spectrum includes 877 water lines which were identified by comparison to the HITRAN2016 spectroscopic database [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF]. At the final stage of the analysis, about 680 lines, mostly very weak remained unassigned.

Fig.3.

Overview comparison between the CRDS observations in the 8325-8622 cm -1 spectral region and the predictions within the framework of the method of effective operators [START_REF] Tashkun | Global modeling of the 14 N2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[END_REF][START_REF] Daumont | Line intensity measurements in 14 N2 16 O and their treatment using the effective dipole moment approach. II. The 5400-11000 cm -1 region[END_REF][START_REF] Perevalov | Global modeling of the 14 N2 16 O line positions within the framework of the polyad model of effective Hamiltonian[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] for the four N2O isotopologues contributing to the spectrum.

An overview comparison of the differences between the measured line positions and their predicted values [START_REF] Tashkun | Global modeling of the 14 N2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[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][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] are plotted versus the wavenumber in Fig. 4. The 14 N2 16 O, 14 N 15 N 16 O and 15 N 14 N 16 O line positions shows deviations limited to 0.048 cm -1 . In the case of the 14 N2 18 O isotopologue, deviations increase up to 0.43 cm -1 .

Fig. 4

Differences between the line positions predicted using the effective Hamiltonians and the measured values, for the first four N2O isotopologues. The line positions of 14 N2 16 O were calculated using nonpolyad model of effective Hamiltonian [START_REF] Tashkun | Global modeling of the 14 N2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[END_REF] while those of the minor isotopologues were obtained using the polyad models of effective Hamiltonian [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] 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].

Fig. 5 presents the comparison between the experimental intensities and their calculated

values computed using the P= 14-16 EDM parameters. We estimate that the accuracy of our measured line intensities to be 3% or better for most lines and up to 20% for the weakest or strongly blended lines. As can be seen by Fig. 5, the intensity ratios vary roughly from 0.7 to 2 for the 14 N 15 N 16 O and 15 N 14 N 16 O isotopologues. In the case of the 14 N2 16 O and 14 N2 18 O isotopologues, calculated intensities of some lines are underestimated by a factor up to 4. In general, the calculated intensities are smaller than observed. This may indicate that the set of EDM parameters of the ΔP= 14 and 16 series which were derived from a fit of a limited set of relatively strong bands measured by FTS [START_REF] Daumont | Line intensity measurements in 14 N2 16 O and their treatment using the effective dipole moment approach. II. The 5400-11000 cm -1 region[END_REF] are missing some important EDM parameters. Considering the importance of the observed deviations, the present line intensity measurements will be useful to improve the EDM parameters of the ΔP= 14 and 16 series of transitions. Let us mention that the intensity comparison displayed on Fig. 5 assumes that the isotopic abundances of the minor isotopologues in our sample coincide to HITRAN values. Small deviations from HITRAN isotopic abundances cannot be excluded and may contribute to small systematic deviations as noted for the intensity of the strongest bands of 14 N 15 N 16 O and 15 N 14 N 16 O.

Fig. 5. Ratios of the N2O line intensities measured by CRDS to those predicted using the effective operator approach in the 8325-8622 cm -1 spectral region.

Spectroscopic analysis of the line positions and rovibrational perturbations

The standard expression of the vibration-rotation energy levels was used for the band-by-band fit of the spectroscopic parameters:

3 3 2 2 ) 1 ( ) 1 ( - ) 1 ( ) (       J J H J J D J J B G J F v v v v v (1)
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.

In the case of hot bands involving e and f rotational levels, the ee, ef, fe, and ff sub-bands were considered independently. 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][START_REF] Bailly | 14 N2 16 O emission in the 4.5 μm region: high excitation of the bending mode transitions v1v2v3→v1v l 2 (v3-1) with (2v1+v2)= 5[END_REF]. Spectroscopic parameters of 67 upper vibrational levels of a total of 47 bands were derived from standard band-by-band fits to the measured line positions. Table 2 lists the obtained constants of the different N2O bands ordered in increasing wavenumber of their band center. The typical rms values of the fits are better than 1×10 -3 cm -1 . The observation of hot bands arising from P= 1-3 lower states gives access to the upper levels belonging to the P= 14-20 polyads. The most excited level observed is the 0005e upper level of 14 N2 16 O near 10815 cm -1 observed through the 53-3 hot band centered near 8591.5 cm -1 . The results of the band-by-band fit of the spectroscopic parameters are provided as supplementary material. This archive file includes for each band, spectroscopic parameters of the lower state fixed to the literature values, observed and calculated line positions, fitted spectroscopic parameters of the upper state, errors on the fitted parameters (in % and in cm -1 ) and rms value of the fit.

During the fitting of the spectroscopic constants, we found that two bands were perturbed.

The characteristics of the interaction mechanism identified on the basis of the effective Hamiltonian model are summarised in Table 3. The second perturbed band is the 1004e-1000e band at 8603.7 cm -1 reaching the (18 0 4) upper state which is affected by couplings with two dark states: an intrapolyad anharmonic interaction with the (18 0 3) perturber state [(1802e) in normal mode notation] around J= 14 and an interpolyad Coriolis interaction with (17 1 10) [(3312e) in normal mode notation] around J= 34. The high J line positions (J ˃ 32) of the 1004e-1000e band were excluded from the fit of the spectroscopic constants. Fig. 6 shows the impact of the perturbations on the 1004e-1000e band. The differences between the experimental and EH predicted values of the line positions included in the figure illustrate the improvements achieved by the non-polyad model of Ref. [START_REF] Tashkun | Global modeling of the 14 N2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[END_REF]. The (meas.-calc.) deviations are significantly reduced by the most recent non-polyad predictions [START_REF] Tashkun | Global modeling of the 14 N2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[END_REF].

Fig. 6

The 1004e-1000e band at 8603.7 cm -1 reaching the (P l2 i)= (18 0 4) state affected by two local parturbations around J= 14 and J= 34 (see Table 3 and text).

Left panel: Comparison between the EH predictions (black circles) and the CRDS observations (cyan circles). Note the significant overestimation of the calculated intensities;

Right panels: Differences between the experimental and EH predicted values of the line positions (polyad model [START_REF] Perevalov | Global modeling of the 14 N2 16 O line positions within the framework of the polyad model of effective Hamiltonian[END_REF] and non-polyad EH model [START_REF] Tashkun | Global modeling of the 14 N2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[END_REF]).

Comparison to the HITRAN and HITEMP spectroscopic databases

Table 4

Comparison of the number of transitions and bands observed by CRDS with those provided by the HITRAN [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF] and HITEMP [START_REF] Hargreaves | Spectroscopic line parameters of NO, NO2, and N2O for the HITEMP database[END_REF] databases for the four N2O isotopologues in the 8325-8622 cm -1 region.

Molecule

This The large amount of new experimental data obtained in this work gives us the possibility to check the quality of line parameters provided by different databases in the 8325-8622 cm -1 spectral region. Note that the Nitrous Oxide Spectroscopy Databank (NOSD) [START_REF] Tashkun | NOSD-1000, the high-temperature nitrous oxide spectroscopic databank[END_REF] constructed for 14 N2 16 O using the effective operator approach does not extend beyond 8310 cm -1 . We thus focus on the N2O line lists included in the HITRAN [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF] and HITEMP [START_REF] Hargreaves | Spectroscopic line parameters of NO, NO2, and N2O for the HITEMP database[END_REF] spectroscopic databases (see overview in Fig. 7). A comparative summary of the amount of transitions for the four N2O isotopologues in the 8325-8622 cm -1 region is presented in Table 4.

Fig.7

Overview comparison of the HITRAN2016 [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF] and HITEMP2019 [START_REF] Hargreaves | Spectroscopic line parameters of NO, NO2, and N2O for the HITEMP database[END_REF] line lists of N2O in natural abundance to the CRDS measurements in the 8325-8622 cm -1 region.

In its present status, the N2O line list in the HITRAN database [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF] shows some deficiencies. In the near infrared, the HITRAN spectroscopic data relative to the main isotopologue is limited to FTS data below 7796 cm -1 , mostly from Toth database [START_REF] Toth | Linelist of N2O parameters from 500 to 7500 cm -1[END_REF][START_REF] Toth | Line Positions and Strengths of N2O between 3515 and 7800 cm -1[END_REF] and correspond to an intensity cut off of 2×10 - 25 cm/molecule at 296 K. The inclusion in the HITRAN dataset of the calculated line list of the fourth abundant isotopologue, 14 N2 18 O, from 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] with an intensity cut off of 1×10 -29 cm/molecule leads to an unusual situation: (i) in spite of a standard isotopic abundance of 0.001986 only, 14 N2 18 O is the isotopologue with largest amount of transitions in the present HITRAN2016 list, extending up to 10363 cm -1 , (ii) many bands of the main isotopologue which have been accurately measured in the literature (in particular by CRDS) and have intensity much higher than the 14 N2 18 O intensity cut off, are missing.

This situation is illustrated in the presently investigated region where the HITRAN line list includes only 14 N2 18 O transitions (they belong to the 7000-0000, 0004-0000, 0114-0110, 0513-0110 bands). The intensity of these calculated 14 N2 18 O lines range between 10 -29 -10 -28 cm/molecule in our region (see Fig. 8) while transitions of 14 N2 16 O with line intensity larger than 10 -25 cm/molecule are absent. Among the four HITRAN 14 N2 18 O bands, only the 7000-0000 band near 8521 cm -1 was measured in our CRDS spectra. The line position comparison (Fig. 9) shows a systematic overestimation of HITRAN position values by about 0.08 cm -1 for this band. Note that a second 14 N2 18 O band, the 6200-0000 band near 8429 cm -1 , with intensity slightly exceeding 10 -29 cm/molecule was observed by CRDS but is missing in the HITRAN list. The 14 N 15 N 16 O and 15 N 14 N 16 O transitions are not provided in the HITEMP list in our region. Note that, in spite of an isotopic abundance of 3.641×10 -3 , -the 14 N 15 N 16 O isotopologue is the dominant absorber in the 8500-8550 cm -1 interval corresponding to the 43 band.

The HITEMP N2O line list was recently constructed by merging three NOSD line lists at 296, 500 and 1000 K in order to allow to make the list applicable over the 296-1000 K range. The HITEMP list for nitrous oxide provides thus line positions and line intensities computed using the effective operator approach, and thus identical to the HITRAN list in the case of the 14 N2 18 O isotopologue.

In the case of 14 N2 16 O, in our region, the HITEMP list includes 2433 transitions belonging to 31 bands. This is less than our CRDS observations (2745 transitions of 39 bands). The difference can be explained by the fact that (i) the P= 15 bands are missing in HITEMP database because in absence of previous measurements of P= 15 bands, the EDM parameters required to computed line intensities in the frame of the effective operator approach were missing, (ii) some EDM parameters of the P= 14 and P= 16 series were missing leading to underestimated values of the calculated intensities, below the intensity cut-off.

Overall, 19 bands in common could be compared. The overview comparisons are presented in Fig. 8 and Fig. 9 for line positions and line intensities, respectively. These figures correspond essentially to a subset of the whole set of bands compared in Fig. 3 and Fig. 4, respectively. The (vCRDS-vHITEMP) deviations of 14 N2 16 O are limited to 0.12 cm -1 at maximum. Interestingly, 14 N2 16 O deviations are negative and positive below and above 8500 cm -1 .

Fig. 8

Position difference the 14 N2 16 O and 14 N2 18 O measured line positions and those provided by HITEMP [START_REF] Hargreaves | Spectroscopic line parameters of NO, NO2, and N2O for the HITEMP database[END_REF] database in the 8325-8622 cm -1 region, versus the wavenumber.

Fig. 9

Ratio of the 14 N2 16 O and 14 N2 18 O measured line intensities and those provided by HITEMP database [START_REF] Hargreaves | Spectroscopic line parameters of NO, NO2, and N2O for the HITEMP database[END_REF] in the 8325-8622 cm -1 region, versus the CRDS line intensities.

Conclusion

The high sensitivity absorption spectrum of natural nitrous oxide has been recorded by CRDS in the 8325-8622 cm -1 range corresponding to a weak absorption region where previous measurements were very limited. In particular, intensity information was totally missing. In total, 3307 lines were assigned to 47 bands of the 14 N2 16 O, 14 N 15 N 16 O, 15 N 14 N 16 O, and 14 N2 18 O isotopologues. The weakest lines have an intensity of a few 10 -30 cm/molecule at 296K. The line assignment was performed on the basis of predictions based on the effective operator approach. All identified bands belong to the ΔP= 14-16 series of transitions.

The observations in the considered 300 cm -1 -wide spectral interval have illustrated some deficiencies of the predicted N2O line lists. All available line lists calculated within the effective operator approach show significant deviations compared to the observations in the region. For instance, the rms of the (meas.-calc.) deviations is 6×10 -3 cm -1 for 14 N2 16 O i.e. about ten times larger than our claimed position accuracy (in the present work, a self-referenced frequency comb was used for the frequency scale calibration of the CRDS spectra). Larger deviations are noted for the minor isotopologues. As concerned line intensities, some ΔP= 14 and ΔP= 16 bands have their intensity calculated significantly too small while, in absence of previous observations and thus of corresponding fitted values of the effective moment parameters, intensity predictions of the ΔP= 15 bands were not possible.

As concerned spectroscopic databases in the considered region, the HITRAN2016 line list provides spectroscopic information for the only 14 N2 18 O isotopologue while absorption bands of the main species, 14 N2 16 O, with 10 3 larger intensities, are missing. The HITEMP calculated line list is more complete but ΔP= 15 bands of 14 N2 16 O are absent. In addition, no data relative to 14 N 15 N 16 O and 15 N 14 N 16 O are provided while these two species have an important contribution in the region.

We hope that the present measurements will allow refining and extending the sets of effective dipole moment and effective Hamiltonian parameters of the respective N2O isotopologues and will thus contribute to the improvement of the status of the N2O line list in the HITRAN and HITEMP spectroscopic databases.

Table 2

Spectroscopic parameters (in cm -1 ) for the different bands of N2O isotopologues assigned in the CRDS spectrum between 8325 and 8622 cm -1 . The bands are ordered in increasing order of the band center. The lower state constants were constrained to the values provided in Refs. [START_REF] Toth | Linelist of N2O parameters from 500 to 7500 cm -1[END_REF][START_REF] Toth | Line Positions and Strengths of N2O between 3515 and 7800 cm -1[END_REF]. 

Notes

The confidence interval (1SD) is in the units of the last quoted digit. a ν1 ν 2l2ν3 correspond to the maximum value of the modulo of the expansion coefficients of the eigenfunction. V2 is given between parenthesis when it is larger than 10, b Cluster labelling notation: (P=2V1+V2+4V3, l2, i), i is the order number within the cluster increasing with the energy, c ΔGv=Gv ' -Gv " is the band center, d Root Mean Square of the (Obs.-Calc.) differences of the position values (in 10 -3 cm -1 unit), e Nfit is the total number of transitions included in the fit; Nobs 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 ΔP =P ' -P '' , where P ' and P '' are the upper and lower polyads, h Notes: 1. This band is affected by a local perturbation at J= 29 (see Table 3); 2. The e and f components are blended for all lines; 3. The e and f components are blended for P-branch (J=3-42,44,46), for R-branch (J=4-29), and for Q-branch (J=2-16). Most of the lines were excluded from the fit; 4. This band is affected by two local perturbations at J= 14 and J= 34 (see Table 3); 5. The e and f components are blended for P-branch (J=2-4) and for R-branch (J= [START_REF] Tashkun | Global modeling of the 14 N2 16 O line positions within the framework of the nonpolyad model of effective Hamiltonian[END_REF][START_REF] Amiot | Vibration-rotation bands of 14 N2 16 O: 1.2 micron-3.3 micron region[END_REF][START_REF] Toth | Linelist of N2O parameters from 500 to 7500 cm -1[END_REF][START_REF] Toth | Line Positions and Strengths of N2O between 3515 and 7800 cm -1[END_REF][START_REF] Bailly | 14 N2 16 O emission in the 4.5 μm region: high excitation of the bending mode transitions v1v2v3→v1v l 2 (v3-1) with (2v1+v2)= 5[END_REF][START_REF] Daumont | Line intensity measurements in 14 N2 16 O and their treatment using the effective dipole moment approach. II. The 5400-11000 cm -1 region[END_REF][START_REF] Wang | Fourier transform spectroscopy of N2O weak overtone transitions in the 1-2 μm region[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (I)[END_REF][START_REF] Herbin | N2O weak lines observed between 3900 and 4050 cm -1 from long path absorption spectra[END_REF][START_REF] Campargue | Overtone spectroscopy of N2O between 10000 and 12000 cm -1 : a test of the polyad approach[END_REF][START_REF] Ding | Weak overtone transitions of N2O around 1.05 μm by ICLAS-VECSEL[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.28 μm[END_REF][START_REF] Liu | High sensitivity CW-cavity ring down spectroscopy of N2O near 1.5 μm (III)[END_REF][START_REF] Ni | Fourier-transform spectroscopy of 14 N 15 N 16 O in the 3800-9000 cm -1 region and global modeling 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][START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF][START_REF] Perevalov | Global modeling of the 14 N2 16 O line positions within the framework of the polyad model of effective Hamiltonian[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]. These lines were excluded from the fit; 6. The e and f components are blended for P-branch (J=3) and for R-branch (J= 1-9). These lines were excluded from the fit. i The band center provided by the global effective Hamiltonian. 

  baseline point was obtained by averaging 40 individual events. Fig.1illustrates the sensitivity and high dynamical range on the intensity scale. The noise equivalent absorption evaluated as the rms of the baseline fluctuations is around 5×10 -12 cm -1 . A number of interfering lines of water vapor (with relative concentration of about 0.1 %) are observed superimposed on the N2O spectrum.

Fig. 1 .

 1 Fig. 1.CRDS spectrum of nitrous oxide recorded at a pressure of 1.0 Torr. The overview of the entire region presently investigated from 8325 and 8622 cm -1 is presented on the upper panel. The right-hand intensity scale is adjusted to correspond approximately to the peak heights. The enlargements illustrate the dynamics achieved on the intensity scale and the noise equivalent absorption (min ≈ 5×10 -12 cm -1 ). The spectrum includes a number of interfering lines due to water vapor present in the CRDS cell as an impurity.

  the ring-down time of the empty cavity, N is the molecular concentration in molecule/cm 3 obtained from the measured pressure (P) and temperature (T) values: P = NkT. (k= 1.38065×10 -16 erg/K is the Boltzmann constant).

Fig. 2

 2 Fig. 2Fragment of the CRDS and simulated N2O spectra recorded at 1.0 Torr near 8329.4 cm -1 .

  1000e band at 8321.4 cm -1 reaching the (P l2 i)= (16 0 19) upper state is perturbed around the energy crossing at J= 29 by an anharmonic resonance interaction with the (16 0 18) perturber state belonging to the same P= 16 polyad. The perturbation induces shifts of the line positions up to 0.02 cm -1 around the energy crossing at J= 29. Let us mention that the vibrational eigenfunction of the (16 0 18) perturber state is highly delocalized and has a maximum fraction of only 25% for the (ν1 ν 2l2ν3) = (0 16 0 0) normal mode pure bending state. As a further example of the ambiguity of the normal mode vibrational labelling, let us note that the band centered near 8349.74 cm -1 labeled as 6001e-0200e is unpertubed and has an upper state different from that of the discussed 6001e-1000e band. The upper levels of the 6001e-0200e and 6001e-1000e band are (16 0 17) upper and (16 0 19) at 9517.88 and 9606.33 cm -1 , respectively.
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  N 15 N16 O,15 N 14 N16 O, and 14 N2 18 O are measured  Only five bands were previously reported, with no intensity information  Bands corresponding to a ΔP= 15 variation of the polyad number are reported for the first time.

	Highlights
	1. Introduction
	Nitrous oxide (N2O) is a highly efficient greenhouse gas which plays an important role in the
	destruction of stratospheric ozone. It is also naturally present in the atmosphere as part of the Earth's
	 In the considered region, the HITRAN and HITEMP databases show deficiencies in terms of nitrogen cycle, and has a variety of natural and anthropological sources. Nitrous oxide is emitted by
	completeness and accuracy agricultural activities ( ̴ 75% of the total emissions), combustion of fossil fuels and solid waste, as well
	as by the treatment of wastewater. Atmospheric nitrous oxide has a strong warming effect power,
	typically 300 times stronger than carbon dioxide, both having a similar atmospheric lifetime of about
	one century. The N2O atmospheric concentration of about 330 ppb is increasing at a rate of about 1
	ppb/year.

Table 1

 1 Summary of the number of transitions and bands of the different N2O isotopologues assigned in this work by CRDS in the 8325 and 8622 cm -1 region.

	Isotopologue Abundance [26] Number of bands a Number of transitions
	14 N2 16 O	0.9903	39/2 [12,13]	2745
	14 N 15 N 16 O	3.641×10 -3	3/2 [24]	299
	15 N 14 N 16 O	3.641×10 -3	3/1 [25]	199
	14 N2 18 O	1.986×10 -3	2/0	64
	Total	1.0	47 (5)	3307

Table 3

 3 Summary of the local resonance interactions of 14 N216 O bands between 8325 and 8622 cm -1 .

	Perturbed band Center (cm -1 )	Upper state (P l2 i)	Gv	Resonance interaction mechanism	Jcross
	6001e-1000e	8321.43080	(16 0 19)	9606.334	Intrapolyad anharmonic interaction (16 0 19)↔(16 0 18)	29
					Intrapolyad anharmonic interaction	
	1004e-1000e	8603.66425	(18 0 4)	9888.568		
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