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The weak high-resolution absorption spectrum of natural acetylene has been recorded by high sensitivity cavity ring down spectroscopy (CRDS) near 1.2 µm. The frequency scale of the spectra was obtained by coupling the CRDS spectrometer to a selfreferenced frequency comb. The room temperature recordings, performed at a pressure of 10.0 Torr, cover the 8210-8670 cm -1 spectral interval. A list of more than 11000 lines was constructed in the region. The smallest intensity values are on the order of 10 -29 cm/molecule which is more than two orders of magnitude smaller than previous measurements by Fourier transform spectroscopy (FTS). More than 2600 lines were rovibrationally assigned using previous observations and predictions based on the effective operator approach. They include 2270, 338 and 28 absorption lines of 12 C 2 H 2 , 12 C 13 CH 2 and 12 C 2 HD, respectively, belonging to a total of 52 vibrational bands, thirty-six of them being newly reported. For comparison, the HITRAN2016 database provides line parameters of only two 12 C 2 H 2 bands in the same region. Spectroscopic parameters of the upper vibrational levels were derived from standard band-by-band fits of the line positions (typical rms values of the (obs.-calc.) deviations are better than 0.002 cm -1 ). The vibrational transition dipole moment squared and Herman-Wallis coefficients of 39 bands were derived from a fit of the intensity values measured in this work combined with previous FTS data for the strongest bands. A recommended list is constructed in the region using calculated line parameters for the unperturbed bands and experimental positions and intensities for the others. The recommended list including a total of 3139 transitions will help to complete acetylene spectroscopic databases in the near-infrared.

In Fig. 6 the deviation of these two bands are much larger than for other bands. It just means that there are some missing parameters in the effective Hamiltonian used for generating ASD-1000. So including these bands in the fit of the effective Hamiltonian will make very useful correction in the future version of the ASD-1000 database. The following sentence has been added in the text: "These important deviations probably reveal the need to include some additional parameters in the effective Hamiltonian used for the generation of ASD. The evidenced deviations will be thus valuable to improve future versions of ASD. "

3) Fig. 9 What is the reason for the "scattering" of the intensities of some lines (misassignment, blending, perturbation)?

The main reason of the intensity scattering is the weakness of the lines. At this level of sensitivity, the spectrum includes many hot bands and the corresponding weak lines are often blended. 4) Fig. 8 In my computer the red dashed line looks like red solid line. On this new version, it should be clearer.

5) Eq.(2)

In my computer instead of "h" I see sign of square. In our docx file, there is no problem 6) Eq.( 3) After this equation it is necessary to define s like s = 1 if sign(∆K)=1, s = -1 if sign(∆K)=-1. Following recommendation, we added in the text "s = +1 and -1 for positive and negative values of ∆K, respectively".

-Reviewer 2

The work presented in the manuscript is relevant for publication in JQSRT. The authors present new measurements based on a single pressure CRDS spectrum analysis using a flow of acetylene regulated at 10.00 Torr. A commercial sample has been used so that measurements of line intensities are supposed to be in natural abundances. Around 8000 transitions of acetylene (including minor acetylene isotopologues) have been studied between 8210 and 8670 cm-1. Energy levels constants, R02 and HW parameters have been derived for several bands in order to generate a recommended line list for around 3000 assigned transitions including bands previously measured.

I have general issues that need to be considered: I-The authors wrote about 3 supplementary files containing measured data and recommended line list but no file has been submitted. Please submit them to JQSRT in order to pursue the revision. We apologize for this mistake. The three supplementary files are attached to the revised version. II-The authors should explain better how the recommended line list is constructed. I will be more specific below. The fact that the supplementary files were missing did not help to understand what has been done. See below our answers III-No serious comparison between present measurements and those from literature are performed. I noticed that one of your highlights is « Comparison to literature data is discussed ». The reviewer limits the "literature" to previous experimental studies but the ASD is an important work available in the literature which has been carefully compared to our results. We believe that there is no more "serious" discussion in the region. In our series of papers on acetylene, we carefully and systematically compared our measurements to previous data and in particular to HITRAN database. In the presently studied region, the most relevant previous experimental study is our FTS study of Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF]. Most of the line parameters of this study were transferred to our list as the corresponding lines are generally saturated in our CRDS spectrum. So a comparison to Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] is not relevant for the present contribution BUT in Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] we reported the following discussion about the comparison to HITRAN: 3 compares only number of lines and bands in various sources. We have never claimed that Fig 5 was a comparison of line parameters but just the contents of different data sets. In the submitted version, we simply wrote: "An overview of our assigned list is presented in Fig. 5 and compared to the HITRAN2016 list and to the previous FTS list of Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF]" . Fig. 5 

doesn't present the comparison

How your present measurements are matching with those of Ref 10 or the one used in HITRAN for intense bands. See above copy of the paragraph devoted to the HITRAN comparison included in Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF]. We have added in the text: "Note that the HITRAN2016 includes only two bands and that the position and intensity comparisons between the FTS values of Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] and HITRAN2016 values were discussed in Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF]."

You wrote that present measurements are not accurate for line intensities greater than E-25 (did you discard them all for the fit of R02 and HW coefficients?).

Yes the FTS values were preferred for the strong lines (>1E-25) and we did not use the CRDS values. It is clearly indicated in the text: "…we adopted for about 430 lines with intensity larger than 1×10 -25 cm/molecule, the FTS line parameters of Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] obtained at a pressure of 42. [START_REF] Herman | Global and accurate vibration hamiltonians from high-resolution molecular spectroscopy[END_REF] Torr and an absorption pathlength of 48.3 m. The FTS source of the line parameters is indicated in the line list provided in the Supplementary Material I." It is a pity that the reviewer could not examine our sup mats because the lines transferred from Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] are tagged.

You present those measurements in Fig 5 (red symbols appears below HITRAN ones). Using the scale of Fig 5,comparisons look good between PW and HITRAN or Ref [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF], but what is the difference in % for common transitions between your work and original source of HITRAN2016 (Jacquemart et al, JQSRT 2009 ;110 ;732-742) or Ref [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF]? Cross-comparisons are very important and should be presented in some figure or Table or in the text by giving average discrepancy (with SD) for common measured transitions. This is exactly what have been done in the above paragraph of Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF]. This is not relevant in the present paper. Specific issues : -In the abstract: « The vibrational transition dipole moment squared and Herman-Wallis coefficients of 39 bands were derived from a fit of the measured intensity values. » This is not clear whether measured intensities are referring to the present work or to the combination of present measurements and those of Ref 10. The reviewer is right. The vibrational transition dipole moment squared and Herman-Wallis coefficients derived in this work rely not only on the present CRDS measurements but also include as input data our FTS measurements of Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF]. We modified the statement. « The vibrational transition dipole moment squared and Herman-Wallis coefficients of 39 bands were derived from a fit of the intensity values measured in this work combined with previous FTS data for the strongest bands» -« In the case of isolated lines with intensity larger than 10-27 cm/molecule, a 5% value is a conservative estimate of the uncertainty on the line intensity ». What about lines with S > E-25 cm/molecule? I suppose they are given in supplementary material. You wrote that accuracy are degraded for these transitions, can you give an estimation of their accuracy? What about uncertainty of measurements for non-isolated transitions, can you give some estimation?

As said above and indicated in the text, the lines with intensities S > E-25 were mostly taken from ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF]-See Text just before Section 3: "Consequently, we adopted for about 430 lines with intensity larger than 1×10 -25 cm/molecule, the FTS line parameters of Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] obtained at a pressure of 42. [START_REF] Herman | Global and accurate vibration hamiltonians from high-resolution molecular spectroscopy[END_REF] Torr and an absorption pathlength of 48.3 m. The FTS source of the line parameters is indicated in the line list provided in the Supplementary Material I." In Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF], we indicated that the average accuracy of the intensity measurements is about 5%, so the same as the value given for CRDS intensities larger than 1×10 -75 cm/molecule. The estimated transition uncertainties are given for every band in the last column of Table 2.

-« As a combined effect of perturbations and experimental uncertainties due to line overlapping and to the weakness of many bands, a significant number of line intensities had to be excluded from the fit. » Precise how many measurements did you remove (or % removed measurements). It depends on the band and can reach a value of 50%. Again we apologize because the reviewer would have found in Supmat3, the relative intensity differences between measured and calculated values for every line and the weight given in the fit. One can also compare the number of fitted lines indicated for every band in Table 2 and the number of measured in the band lines indicated in the Table 1.

-« Even with a reduced input dataset, a satisfactory fit could not be achieved for a significant number of bands. In such cases, we provide only the vibrational transition moment squared value with a large uncertainty. ». What is the reduced dataset? Do you mean the fit of line profile (intensities) or the fit of R2 to get R02 and HW for each band? We are speaking of an input dataset of a fit so it is clear that we are speaking of the fit of R02 and HW How do you define that a fit is not satisfactory? In Table 2 you wrote when a fit of intensities failed… Does it correspond to band with no measurement of line intensities (Nexp =0, blank in Table 2) ? In that case how did you estimate R02 and the digit between parentheses (SD) for the band where there is no measurement? The line intensities were measured for all bands and the column Nexp contains the number of fitted lines (No value is given when the fit fails). As usual in the fit of measured data, outliers are excluded to reach satisfactory agreement for the remaining data. In our case, we considered deviations of about 10% as satisfactory. The fit was considered unsatisfactory when even the identification of the outliers was problematic. However, even in these conditions, the fits were performed and rough vibrational dipole moment squared values were obtained. We have added in the foot note: d Nexp "No value is given when the fit failed."

-You give in Table 2 uncertainty for each band. In the text you wrote: « In many cases, in view of the number of intensity values which were excluded, it seems that the obtained rms values overestimate the quality of the fits and we give in the last column of Table 2 our own estimation of the relative error bars of the intensities calculated with the obtained set of parameters. » I do not understand the argument. The more « outliers » you will remove, the best average rms you will get on the band. Maybe the authors wanted to use underestimate instead of overestimate since by looking to rms and uncertainty from Table 2, the uncertainty is systematically higher than rms. Also, why « relative error bars » ? Do you mean that accuracy is worst ? What is the meaning of uncertainty and relative error, compare to accuracy ? Uncertainty is used in the whole text without really know its signification. No, indeed, readers considering our rms values will conclude that our fit is satisfactory while the good achieved rms values are due to the exclusion of a significant number of experimental values. So, indeed, the given rms values "overestimate" the real quality of the fit. This is why we give larger uncertainty values. As concerns definitions, "relative error" is in %, "uncertainty" is not absolute contrary to "accuracy" -In section 2 and 7, the authors wrote « normal isotopic abundances ». I suppose they mean natural isotopic abundances. Please correct as normal does not mean a lot.

We have performed this change (2 places) although we believe that "natural" is also unclear. Linda Brown (JPL) was refusing "natural" because indeed there is no "natural" isotopic abundance values (HITRAN values are arbitrary values which may strongly differ from values in "natural" materials). In other words, it means that the used sample is not supposed to be strongly enriched in one isotope, it is "normal".

-Eq 3 for HL should be clarified. Are HL using Eq 3 the same than those using equations from Ref. [START_REF] Lyulin | An empirical spectroscopic database for acetylene in the regions of 5850-6341 cm -1 and 7000-9415 cm -1[END_REF][START_REF] Perevalov | Parameterization of the effective dipole moment matrix elements in the case of the asymmetric top molecules. Application to NO2 molecule[END_REF]? Equation 3 is hard to apply, could you give examples?
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Note that in ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] there is mistype in the expression for J=1 K=±3, there should be  

1 JK  instead   1 JK  .
-In Section 2, it's written « Overall, line centres and intensities were derived for a total of more than 11500 lines » . I believe it's better to write line positions and intensities. Centre is in French and we normally use line positions instead of « centre de raie ». Done, even if we are not convinced. See for instance, the use of "line centers" in: https://en.wikipedia.org/wiki/Spectral_line#Line_broadening_and_shift -Figure 9 shows rotational dependence observed in this work and modeled using HW coefficients. For the two bands presented in the upper plots of Fig 9, the observed R2 values show clear rotational dependence that cannot be reproduced by HW (due to strong interactions between levels). Rigorously you should speak about bands involving interacting levels (you wrote : The two upper panels are related to the +34 1 and +34 3 interacting bands presented in Fig. 8.). Strictly speaking, the reviewer is right but the shortcut "interacting bands" is very convenient and understood by everybody. We have modified our text:

My comment is about your recommended line list, in such case what did you do? In section 6, authors wrote they used HW from Table 2. Did they also do it for the bands showing observed rotational dependences that cannot be reproduced by HW factors (Fig 9) ? If yes the uncertainty for this band will be much higher than 15% for high m values. The authors should add some comments in Section 6 for the case of such bands presenting strong rotational dependences that cannot be reproduced by HW factor. The way used to construct the recommended line list is clearly indicated in the second paragraph of the section 6. For example, it is written: "In the cases where the intensity fit failed or the measured intensity was significantly smaller than the calculated value, the measured value was transferred to the recommended line list with a "e" tag." The choice between measured and calculated intensity values were made for each line after a careful scrutiny of the superposition of the measured and calculated line lists to the measured spectrum. Again we apologize because the reviewer would have found in Supmat3, the indication of the choice we made for each line.

-Correct English in « On the basic of the empirical parameters obtained from the measured positions and intensities, a line list was generated for each band listed in Table 2 at the reference temperature of 296 K ». Based on (or on the basis of the)… Done.

-The number of acetylene transitions measured in this work and used to determine HW coefficients is missing. Ntot is the number of line (combination of this work and Ref 10) used to fit HW parameter for each band. You have to indicate how many are coming from literature in the case of the few bands already studied [HITRAN,Ref10]. You wrote that 430 line from Ref [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] In all our contributions, we take a special care of the traceability of listed line parameters. Again the reviewer would have found in Supmat1, the information he/she requests. Sorry for the missing supmats. The lines transferred from the Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] are marked in the Supmat1. The transferred positions and intensities have been used in the fits of the spectroscopic constants and HW factors. Here is a fragment of supmat1 for a band mixing FTS and CRDS line parameters:

To be more specific the parameters of 69 from 93 lines were replaced by the data of ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] in the 1+3+4 band, 90 from 131 in the 1+3+4+5 1 -5 1 band, 103 from 170 in the 1+3+4+4 1 -4 1 band, 50 from 74 in the 1+22+(4+5) 0 band, 11 from 67 in the 21+(24+5) 1 I band, 39 from 126 in the 21+2+4 1 -5 1 band, 29 from 55 in the 32+(4+35) 0 band and 32 from 63 in the 1+3+4 band of It seems that the reviewer is distorting the contents of our paper to criticize it. His/her remarks would be appropriate if we were claiming that this Fig. 10 illustrates the agreement between the observed spectrum and that simulated from our recommended list. This is not the case. The purpose of this figure is to show that interpolation procedure allows to complement line list by lines which are important but hard to obtain from the spectra fitting. This is why the text introducing Fig. 10 is the following: "The superposition of the experimental spectrum to the recommended list presented in Fig. 10 shows a number of calculated lines near the head of the Q-branch of the +(24+5) 1 I band at 8398.7 cm -1 which cannot be derived experimentally but are included in the recommended list. " and the caption of Fig. 10 is the following:

Fig. 10

Comparison of the CRDS spectrum of acetylene (P= 10 Torr) to the obtained recommended empirical line list (red stars). Note the calculated lines near the head of the Q-branch of the +(24+5) 1 I band near 8399 cm -1 and the presence of unassigned lines.

Introduction

During the recent years, we have undertaken a systematic experimental study of the high sensitivity acetylene absorption spectrum at room temperature in order to elaborate an empirical line list in the near infrared. Indeed, up to their HITRAN2016 [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF] and GEISA2015 [START_REF] Jacquinet-Husson | The 2015 edition of the GEISA spectroscopic database[END_REF] editions, these spectroscopic databases provided only a few strong (mostly isolated) bands while the acetylene spectrum is much richer (see Fig. 1). A high number of additional bands were reported in the literature (see for instance Refs. [START_REF] Campargue | The absorption spectrum of C2H2 between 12800 and 18000 cm -1 : I. Vibrational assignments[END_REF][START_REF] Herman | Global and accurate vibration hamiltonians from high-resolution molecular spectroscopy[END_REF][START_REF] Herman | Vibrational spectroscopic database on acetylene, ( 12 C2H2, 12 C2D2 and 13 C2H2)[END_REF][START_REF] Fayt | Vibration-rotation energy pattern in acetylene: 12 CH 12 CH up to 6750 cm -1[END_REF][START_REF] Amyay | Acetylene, 12 C2H2: refined analysis of CRDS spectra around 1.52 μm[END_REF][START_REF] Lyulin | Global modelling of vibration-rotation spectra of acetylene molecule[END_REF]) but, in absence of intensity information, they could not be incorporated in spectroscopy databases.

Fig. 1

Overview of the acetylene spectrum between 5600 and 11000 cm -1 . The HITRAN2016 linelist [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF] (full black circles) is superimposed to our DB2017 empirical list [START_REF] Lyulin | An empirical spectroscopic database for acetylene in the regions of 5850-6341 cm -1 and 7000-9415 cm -1[END_REF] (blue circles) and to recent CRDS and FTS works [START_REF] Lyulin | The CRDS spectrum of acetylene near 1.73 µm[END_REF][START_REF] Lyulin | The absorption spectrum of acetylene near 1 µm (9280-10740 cm -1 ) (I): Line positions[END_REF][START_REF] Lyulin | The absorption spectrum of acetylene near 1 µm (9280-10740 cm -1 ) (II): Line intensities[END_REF]21] (red circles). The present study in the 8210-8670 cm -1 spectral interval corresponds to the yellow circles. The P values are indicated.

As illustrated in Fig. 1, the considered 5680-11000 cm -1 spectral interval includes strong absorption bands and regions of very low absorption (the acetylene transparency "windows"). As a result, lines with intensities spanning ten orders of magnitude have been measured by different techniques. Our analysis used spectra recorded by Fourier-transform spectroscopy (FTS) in the region of the strong bands and by cavity ring down spectroscopy (CRDS) in the weak absorption intervals. In 2017, by gathering the results of three FTS [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 7000 and 7500 cm -1[END_REF][START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF][START_REF] Béguier | Line intensity measurements for acetylene between 8980 and 9420 cm -1[END_REF] and three CRDS [START_REF] Lyulin | The absorption spectrum of acetylene by CRDS between 7244 and 7918 cm -1[END_REF][START_REF] Lyulin | High sensitivity absorption spectroscopy of acetylene by CRDS between 5851 and 6341 cm -1[END_REF][START_REF] Kassi | New assignments and a rare peculiarity in the high sensitivity CRDS spectrum of acetylene near 8000 cm -1[END_REF] studies, we constructed a first version of our spectroscopic database (DB2017, hereafter) covering the 5850-9415 cm -1 region (excluding the 6341-7000 cm -1 interval) [START_REF] Lyulin | An empirical spectroscopic database for acetylene in the regions of 5850-6341 cm -1 and 7000-9415 cm -1[END_REF]. As a rule, the DB2017 list relies on a band-by-band modeling: the acetylene line positions were calculated using empirical spectroscopic parameters of the lower and upper energy vibrational levels and intensities were computed using the vibrational transition dipole moment squared and Herman-Wallis coefficients derived, for each band, from a fit of measured intensities. This band-by-band approach allowed completing the experimental list by adding missing lines and improving poorly determined positions and intensities. In the case of perturbations, when part of the line parameters cannot be reproduced with an isolated band model, experimental line centers and line intensities were preferred. Compared to the HITRAN2016 [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF] and GEISA2015 [START_REF] Jacquinet-Husson | The 2015 edition of the GEISA spectroscopic database[END_REF], the DB2017 list includes about ten times more bands and transitions.

The DB2017 list (5850-9415 cm -1 ) was recently extended to lower and higher frequencies using CRDS spectra in the 5693-5882 cm -1 region [START_REF] Lyulin | The CRDS spectrum of acetylene near 1.73 µm[END_REF] and FTS spectra in the 9280-10740 cm -1 interval [START_REF] Lyulin | The absorption spectrum of acetylene near 1 µm (9280-10740 cm -1 ) (I): Line positions[END_REF][START_REF] Lyulin | The absorption spectrum of acetylene near 1 µm (9280-10740 cm -1 ) (II): Line intensities[END_REF], respectively. The resulting combined list covering the 5693-10740 cm -1 has been incorporated into the 2020 version of the HITRAN [START_REF] Gordon | The HITRAN2020 molecular spectroscopic database[END_REF] and GEISA [20] databases.

Note that very recently, the 6627-7065 cm -1 transparency window was studied by CRDS [21].

This study, including a systematic derivation of line intensities, extended and completed previous studies limited to line positions and rovibrational assignments [START_REF] Amyay | Acetylene, 12 C2H2: refined analysis of CRDS spectra around 1.52 μm[END_REF][START_REF] Robert | Acetylene, 12 C2H2: new CRDS data and global vibration-rotation analysis up to 8600 cm -1[END_REF].

In the present work, the 8200-8700 cm -1 region is studied for the first time by CRDS. The high sensitivity of the CRDS recordings will allow lowering considerably the detectivity threshold of the FTS spectra [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] used for DB2017, in particular in the 8200-8400 cm -1 interval where the very weak acetylene absorption is practically unknown (see Fig. 1).

At this step, it is necessary to underline that the assignment of weak bands in high sensitivity acetylene spectra is a difficult task and that a large fraction of lines (usually, more than 50%) remains unassigned in the CRDS spectra we recorded. Indeed, as a result of the achieved sensitivity (down to 10 -29 cm/molecule), CRDS spectra are highly congested due to the superposition of many weak or super weak bands (including many hot bands and 12 C 13 CH2 bands). Contrary to the strong bands dominating the spectrum which are generally regular, weak bands are frequently perturbed in positions and intensities. In addition, as a rule, part of the rotational transitions of these weak bands is obscured by stronger lines which makes difficult the use of lower state combination difference (LSCD) relations for rovibrational assignments. The assignment of our spectra relies greatly on the predictions of a global effective model developed at IAO-Tomsk for 12 C2H2 [START_REF] Lyulin | Global modelling of vibration-rotation spectra of acetylene molecule[END_REF]. This global model was used to generate the Acetylene Spectroscopic Databank (ASD) [START_REF] Lyulin | ASD-1000: High-resolution, high-temperature acetylene spectroscopic databank[END_REF]. The ASD line positions are calculated using a global effective Hamiltonian (EH) with parameters values fitted against measured line positions available in the literature. The developed EH is a polyad model resulting from approximate relations between the acetylene normal mode harmonic frequencies. A given vibrational level is interacting through anharmonic and Coriolis interactions, with a limited set of vibrational levels, gathered in the so-called "vibrational polyads". Each polyad is characterized by the quantum number, P= 5V1+3V2+5V3+V4+V5

where Vi=1-5 are the vibrational quantum numbers. Interpolyad interactions are not explicitly involved but reproduced in an effective way by the fitted Hamiltonian parameters. A selection of about 25000 measured line positions in the 50-9900 cm -1 region was used to refine 237 EH parameters [START_REF] Lyulin | Global modelling of vibration-rotation spectra of acetylene molecule[END_REF]. Using the resulting EH eigenfunctions, the effective dipole moment (EDM) parameters were fitted to measured intensity values for the P = 0-13, 15 band series and used to compute the ASD line intensities in the 3-10000 cm -1 region [START_REF] Lyulin | ASD-1000: High-resolution, high-temperature acetylene spectroscopic databank[END_REF] (the P values are indicated on Fig. 1). Even if the ASD intensity cut-off (10 -27 cm/molecule) is significantly higher than the CRDS detectivity threshold, the ASD line list includes a considerable number of calculated bands left to be observed. Although approximate (see below), these predictions are highly valuable to assign new spectra. In turn, new observations and new assignments are expected to help for future improvements of the global effective operator model.

The rest of the report is organized as follows. The experimental conditions and line parameters retrieval are presented in Section 2. Section 3 is devoted to the assignment procedure and comparison with ASD while the band-by-band analysis is presented in Sections 4 and 5, before the elaboration of the recommended line list (Section 6) and concluding remarks (Section 7).

Experimental details and line list construction

The CRDS spectra under analysis were recorded using an external cavity diode laser (ECDL) as light source. 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 17O enriched water between 7443 and 7921 cm-1[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] 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] Kassi | Lamb dip CRDS of highly saturated transitions of water near 1.4 µm[END_REF]. Mode-hop-free tuning range of up to 1.3 cm -1 could be obtained (see 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] for details). The broadband spectra covering the 8210-8670 cm -1 range was 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. Each baseline point was obtained by averaging 40 individual events. 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 acetylene (Air Liquide AAS27 99.7% stated purity) in natural isotopic abundance, was roughly adjusted to 1 sccm with a downstream manual needle valve and the pressure was actively regulated at 10.00 Torr. Nevertheless, a number of interfering lines of water vapor (with relative concentration of about 0.1 %) were identified in the high energy part of the spectrum. In addition, methane, present as an impurity in the used acetylene sample was found to contribute significantly to the observed spectrum (see below). 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 293.2 -295.0 K range. Fig. 2 illustrates the sensitivity and high dynamical range on the intensity scale. The noise equivalent absorption evaluated as the rms of the baseline fluctuations is lower than 1×10 -11 cm -1 . As illustrated in Fig. 2, the spectral congestion, and not the quality of the spectrum, is the main limitation of the spectral analysis. A homemade multiline fitting computer code was used to derive the line positions and intensities.

The line shape was modeled with the Voigt profile with Gaussian width calculated for 12 C2H2 Doppler broadening. The Doppler half width at half maximum of the line shape (HWHM) is about 0.01 cm -1 while the average pressure self-broadening of 0.14 cm -1 /atm [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF] leads to a small Lorentzian contribution of about 2×10 -3 cm -1 . The spectrum is very dense so the accuracy of the reported intensities depends on the weakness and overlapping of the considered lines. In the case of isolated lines with intensity larger than 10 -27 cm/molecule, a 5% value is a conservative estimate of the uncertainty on the line intensity.

Overall, line positions and intensities were derived for a total of more than 11500 lines. Using the HITRAN2016 database, about 200 and 3500 lines of water and methane lines (with relative concentrations of about 0.1 % and 0.2%, respectively) were removed from the line list. No other lines due to impurities were found in the spectrum, leaving about 8000 lines to be assigned in the 8202-8670 cm -1 region.

The derived dataset includes a few hundreds of very strong lines (with intensity up to 1×10 -22 cm/molecule -see Fig. 1) while the weakest lines have an intensity on the order of 1×10 -29 cm/molecule, seven orders of magnitude smaller. Accurate line parameters could not be derived for the strongest lines which appear "saturated" in the recorded CRDS spectra, because their large absorption drastically reduces the light intensity transmitted by the high-finesse CRDS cell. Consequently, we adopted for about 420 lines with intensity larger than 1×10 -25 cm/molecule, the FTS line parameters of Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] obtained at a pressure of 42.4 Torr and an absorption pathlength of 48.3 m. The FTS source of the line parameters is indicated in the line list provided in the Supplementary Material I.

Rovibrational assignments

In a first step, the assignments available in the literature were transferred to our list:

(i) about 630 strong 12 C2H2 lines have been assigned in our previous FTS study [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF],

(ii) lines due to the 12 C 13 CH2 isotopologue, present in natural isotopic abundance in the sample (about 2.2 %), were assigned on the basis of the line positions reported by Di Lonardo et al. [START_REF] Lonardo | The FT absorption spectrum of 13 CH 12 CH (III): vibrational states in the range 6750 to 9500 cm -1[END_REF], from FTS spectra recorded with a sample highly enriched in 12 C 13 CH2. A total of 338 lines of seven vibrational bands were collected, (iii) Finally, using the exhaustive review and line parameters published by Liévin et al. [START_REF] Liévin | Overtone spectroscopy and dynamics in monodeuteroacetylene (C2HD)[END_REF], twenty-eight lines of the 21+2 band of C2HD could be identified. (The natural isotopic abundance of C2HD in the sample is about 3×10 -4 ).

The assignment of the remaining observed lines of the main isotopologue was performed using the ASD-1000 calculated line list [START_REF] Lyulin | ASD-1000: High-resolution, high-temperature acetylene spectroscopic databank[END_REF]. As mentioned above, this list was generated on the basis of the Tomsk effective Hamiltonian model developed in the frame of the effective operator approach [START_REF] Lyulin | Global modelling of vibration-rotation spectra of acetylene molecule[END_REF] which considers all the resonance interactions between rovibrational levels up to the ninth order of perturbation theory. Despite of the facts that the CRDS spectrum is very dense and ASD line positions are sometimes significantly shifted compared to the observations (see Figs. 3 and4), about 1650 12 C2H2 lines could be newly assigned. It leads to a total of 2270 lines of 44 vibrational bands assigned for the main isotopologue, all belonging to the P= 13 series. For comparison, the previous FTS study in the region provided 629 12 C2H2 lines of thirteen bands [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] and the HITRAN2016 database provides only the two strongest bands. It is worth giving the reader an idea of the difficulty of the assignment procedure relying on the comparison with the ASD calculated list. We provide in Figs. 3 and4 two examples of very different situations. In Fig. 3, only a limited fraction of the measured lines was assigned near 8324 cm -1 while there is a good visual coincidence between the recorded spectrum and the Q branches of 1+3+44 2 -4 1 and 1+3+44 0 -4 1 bands around 8323 cm -1 included in the ASD list. Unfortunately, both branches reverse their direction at some J value that considerable complicates the spectrum assignment. In such conditions the accuracy of the prediction is not sufficient for reliable assignments and in absence of lower state combination relations, the observed, relatively strong lines, remained unassigned. In Fig. 4, the ASD intensity of the Q branch of the band centered at 8378.2 cm -1 is predicted strongly overestimated (at least by a factor 20) which illustrates the difficulty to use the intensity agreement to assign new bands.

Fig. 3

Comparison of the CRDS spectrum of acetylene (P= 10 Torr) with the predicted spectrum provided by the Acetylene Spectroscopic Databank (ASD) [START_REF] Lyulin | ASD-1000: High-resolution, high-temperature acetylene spectroscopic databank[END_REF] (red sticks). The stick spectrum with cyan circles correspond to the lines retrieved from the experimental spectrum which could be assigned. The visual coincidence between the experimental spectrum and the Q branches of the 1+3+44 2 -4 1 and 1+3+44 0 -4 1 bands provided by ASD around 8323 cm -1 was not sufficient to unambiguously assign the corresponding lines.

Fig. 4

Comparison of the CRDS spectrum of acetylene (P= 10 Torr) with the predicted spectrum provided by the Acetylene Spectroscopic Databank (ASD) [START_REF] Lyulin | ASD-1000: High-resolution, high-temperature acetylene spectroscopic databank[END_REF] (red sticks) near 8378 cm -1 . The stick spectrum with cyan circles correspond to the lines retrieved from the experimental spectrum which could be assigned. The strong Q branch of a band centered at 8378.2 cm -1 included in the ASD list is not observed in the CRDS spectrum.

Overall, considering the three isotopologues, a total of 2636 lines of 52 vibrational bands could be assigned leaving a considerable number of lines without identification. The list of about 5000 unassigned lines is provided as Supplementary Material II. Although we cannot exclude that part of these unassigned lines are due impurities (e.g. ethylene), the majority of these lines are believed to be due to 12 C2H2. An overview of our assigned list is presented in Fig. 5 and compared to the HITRAN2016 list and to the previous FTS list of Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF]. The weakest assigned lines have an intensity on the order of 10 -28 cm/molecule, about two orders of magnitude below the FTS detectivity. Note that the HITRAN2016 includes only two bands and that the position and intensity comparisons between the FTS values of Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] and HITRAN2016 values were discussed in Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF].

Fig. 5

Different line lists for acetylene in the 8200-8700 cm -1 region. The data from HITRAN2016 database [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF] and the FTS measurements of Ref. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] are plotted with black and light blue circles, respectively. The other symbols correspond to the 12 C2H2, 12 C 13 CH2 and 12 C2HD absorption lines assigned in this work.

As illustrated in Figs. 3 and4, for the assigned lines, the agreement between the measured and ASD positions is in general satisfactory. The results of the systematic position comparison presented in Fig. 6, indicate that most of the deviations are within 0.1 cm -1 except for two bands (2+3+54 1 and 2+(64+5) 1 II near 8242 and 8282 cm -1 , respectively) where position differences up to 0.3 cm -1 are noted. These important deviations probably reveal the need to include some additional parameters in the effective Hamiltonian used for the generation of ASD. The evidenced deviations will be thus valuable to improve future versions of ASD. In general, deviations show a smooth J dependence for a given vibrational band. Note that this comparison might be biased by the fact that our assignments rely on the comparison with ASD and it might be that part of the lines left unassigned could not be identified because their measured positions deviate considerably compared to their ASD values.

Fig. 6

Differences between the measured positions of 12 C2H2 with corresponding calculated values included in the Acetylene Spectroscopic Databank [START_REF] Lyulin | ASD-1000: High-resolution, high-temperature acetylene spectroscopic databank[END_REF] in the 8200-8670 cm -1 region.

The list of assigned lines is provided in the Supplementary Material I and includes the results of the fit of the spectroscopic parameters (see below). The assigned bands are listed in Table 1. In the first column, we provide for the upper vibrational state the (v1v2v3v4v5l4l5ε) normal mode labeling and symmetry (e or f) of the Wang basic functions. The bands are ordered according to the upper energy value. The vibrational labeling is obtained from the global effective Hamiltonian [START_REF] Lyulin | Global modelling of vibration-rotation spectra of acetylene molecule[END_REF] and usually corresponds to the maximum fraction of the low J eigenfunctions in the normal mode basis. We also give the band name in the vibrational notation of Plíva adopted in the HITRAN database: v1v2v3(v4v5) l± r with l=│l4+l5│, lt being the vibrational angular momentum quantum number associated with the degenerated bending mode t (t= 4,5),  being the symmetry type for  vibrational states (l= 0), and r a roman numeral indicating the rank of the level, by decreasing energy value (r= I for the highest energy level), inside the set of states having the same l value. The letter "N" in the first column of Table 1 marks newly observed upper vibrational levels. As one can see most of the upper levels were observed for the first time.

Thirteen bands of 12 C2H2 and three bands of 13 C 12 CH2 were observed in our previous FTS study in the region [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF]. The present CRDS study allowed extending considerably the number of lines in the previously reported bands. For example, only several lines in the Q branches were observed by FTS for the +(24+5) 1 I, +(24+5) 1 II and +(44+5) 1 II bands while, in this work, the P and R branches are presently assigned and the total number of measured lines is increased by a factor of five.

Note that the band centered at 8515.62 cm -1 , presently labeled as 2+   1 , was reported in DB17 [START_REF] Fayt | Vibration-rotation energy pattern in acetylene: 12 CH 12 CH up to 6750 cm -1[END_REF] with another labeling of the upper vibrational level (1+22+   1 ). Indeed, the upper level of this band (Gv= 9127.31 cm -1 ) belongs to the P= 14 polyad where three vibrational levels are in strong resonance interaction. The largest contribution to the upper level of the considered band gives (v1v2v3v4v5l4l5) = (120212-1) but there is another energy level (Gv= 9142.997 cm -1 ) having a greater contribution (about 50%) of this basic function. As a result, in the DB17 list, we have chosen the second largest contributor, 1202101, to label the upper state of this band. In the present work, we observed transitions to the three strongly interacting levels with energies at 9127.31, 9143.00 and 9152.80 cm -1 .

The 120212-1 and 1202101 basic functions give contributions of about 50% to both the second and third vibrational levels. To avoid duplicate labeling, after an analysis of the interaction scheme, we decided to attribute the 030232-1 label (about 15% contribution) to the energy level at 9127.31 cm -1 .

Band by band analysis.

Spectroscopic parameters

The rotational analysis was performed using the standard formula for the rovibrational energy levels of an isolated vibrational state: T (v, J, e/f) = Ge/f +Be/fJ(J+1)De/f [J(J+1)] 2 +He/f [J(J+1)] 3 (1)

where Ge/f is the vibrational term value and Be/f, De/f, and He/f are the rotational and distortion constants of the e and f sub levels. The parameters of the lower vibrational levels of 12 C2H2, 12 C 13 CH2 and 12 C2HD were constrained to their fitted values of Ref. [START_REF] Lyulin | High sensitivity absorption spectroscopy of acetylene by CRDS between 5851 and 6341 cm -1[END_REF], Ref. [START_REF] Cané | The FT absorption spectrum of 13 CH 12 CH: rotational analysis of the vibrational states from 3800 to 6750 cm -1[END_REF] and Ref. [START_REF] Liévin | Overtone spectroscopy and dynamics in monodeuteroacetylene (C2HD)[END_REF], respectively. As the e and f sub bands may be perturbed in a different way, different sets of spectroscopic parameters were fitted for the e and f levels. The retrieved constants of the upper states are listed in Table 1. The results of the fit are provided for each band in the Supplementary Material I. The bands reported in Refs. [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF][START_REF] Lyulin | An empirical spectroscopic database for acetylene in the regions of 5850-6341 cm -1 and 7000-9415 cm -1[END_REF] and the two bands of the HITRAN2016 database [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF] are marked in the last column of the table by "Luy16", "DB17" and "HIT16", respectively. Some of the studied bands were found to be affected by perturbations (they are marked with "P" in Table 1). Fig. 7 illustrates an example of breaking of the regular rotational structure in the Q branch of the +(24+5) 1 II band near 8396 cm -1 . One can clearly observe that the positions of the J= 12,13 lines are shifted from their unperturbed positions. Perturbed positions were excluded from the fit. In the cases where the perturbation does not allow reproducing the rotational structure using Eq. ( 1), the levels with high rotational quantum number were generally excluded from input data, in order to achieve a reasonable fit for the lowest J values and thus a satisfactory determination of the vibrational term. This was usually the case for the bands involving a double excitation of the 4 bending mode, in the lower or upper state. A similar situation was found for the +34 1 and +34 3 bands centered at 8330 cm -1 and 8329.3 cm -1 , respectively. The two principal contributions of the basic functions to the corresponding interacting upper states were obtained from the global effective modeling [START_REF] Lyulin | Global modelling of vibration-rotation spectra of acetylene molecule[END_REF] and are plotted in Fig. 8 as a function of the upper state angular moment quantum number. The obtained J dependence illustrates the large variation of the eigenfunctions composition with the J value. The distortion constants of the perturbed bands are usually anomalously large or negative. After exclusion of the lines with poorly determined centers or affected by perturbation, the average rms values of the (meas.-fit) differences are on the order of 1.5×10 -3 cm -1 which is close to our claimed accuracy on the measured line positions.

Fig. 8

Interaction between 1013030e and 1013010e vibrational levels. The first and second basic function contributions are plotted by solid and dashed lines, respectively while the blue and red colors correspond to the levels labeled 1013030e and 1013010e, respectively.

Line intensities

According to the isolated band model, the intensity of an absorption transition between the V'J'' and VJ states (V and J are the vibrational index and the angular momentum quantum number, respectively, and = ± is the parity) at a temperature T (in K) is related to the transition dipole moment squared |R| 2 :

𝑆 𝑉′𝐽 ′ 𝜀 ′ ←𝑉𝐽𝜀 (𝑇) = 8𝜋 3 3ℎ𝑐 𝐶𝑔 𝑉𝐽𝜀 𝜈 𝑉′𝐽′𝜀′←𝑉𝐽𝜀 𝑄(𝑇) 𝑒𝑥𝑝 (- ℎ𝑐𝐸 𝑉𝐽𝜀 𝑘𝑇 ) [1 -𝑒𝑥𝑝 (- ℎ𝑐𝜈 𝑉′𝐽′𝜀′←𝑉𝐽𝜀 𝑘𝑇 )] 𝐿(𝐽, 𝐾)|𝑅| 2 (2)
where 𝐸 𝑉𝐽𝜀 is the lower state energy and 𝜈 𝑉′𝐽 ′ 𝜀 ′ ←𝑉𝐽𝜀 is the transition wavenumber, Q (T) is the total internal partition function at temperature T, C is the isotopic abundance, 𝒈 𝑽𝑱𝜺 is the nuclear statistical weight of the lower state and L(J,K) is Hönl-London factor. The values of the total internal partition functions of 12 C2H2, 12 C 13 CH2 and C2HD, and their natural isotopic abundances were taken from the HITRAN2016 [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF].

The expression of the Hönl-London factors for parallel (K= 0), perpendicular (K = 1) and K = 2 forbidden bands can be found in Ref. [START_REF] Lyulin | An empirical spectroscopic database for acetylene in the regions of 5850-6341 cm -1 and 7000-9415 cm -1[END_REF], and in Ref. [START_REF] Perevalov | Parameterization of the effective dipole moment matrix elements in the case of the asymmetric top molecules. Application to NO2 molecule[END_REF] for K = 3. However L(J,K) calculations for |K|>1 have been performed here using more common recurrent expression:

      ( , ) ( , ) 1 
K K s L J K L J K s J J K K s         (3) 
where ( , )

K L J K 
is the Hönl-London factor for any |K|>1, and "s" depends on the sign of K: s = +1 and -1 for positive and negative values of ∆K, respectively.

The rotational dependence of the transition moment squared R 2 is taken into account using Herman-Wallis coefficients A1 RP , A2 RP , and A2 Q :

R 2 = R0 2 (1 + A1 RP m + A2 RP m 2 ) 2 (P-and R-branches), ( 4 
)
R 2 = R0 2 (1 + A2 Q m 2 ) 2 (Q-branch), (5) 
m being equal to J in the P-branch, J+1 in the R-branch, and J in the Q-branch and R0 2 is the vibrational transition dipole moment squared. Note that we use the squared form of the terms between parentheses in Eqs. [START_REF] Herman | Global and accurate vibration hamiltonians from high-resolution molecular spectroscopy[END_REF][START_REF] Herman | Vibrational spectroscopic database on acetylene, ( 12 C2H2, 12 C2D2 and 13 C2H2)[END_REF] accordingly to our previous publication [START_REF] Lyulin | An empirical spectroscopic database for acetylene in the regions of 5850-6341 cm -1 and 7000-9415 cm -1[END_REF].

Vibrational transition dipole moments squared and Herman-Wallis coefficients obtained from an unweighted fit of the experimental intensity values are reported in Table 2. As a combined effect of perturbations and experimental uncertainties due to line overlapping and to the weakness of many bands, a significant number of line intensities had to be excluded from the fit. Even with a reduced input dataset, a satisfactory fit could not be achieved for a significant number of bands. In such cases, we provide only the vibrational transition moment squared value with a large uncertainty. The root mean square deviation of the intensity fit given by the fitting procedure is included in Table 2 and is about 7%. In many cases, in view of the number of intensity values which were excluded, it seems that the obtained rms values overestimate the quality of the fits and we give in the last column of Table 2 our own estimation of the relative error bars of the intensities calculated with the obtained set of parameters. 

Recommended empirical line list

Following the procedure adopted to construct the DB17 acetylene list [START_REF] Lyulin | An empirical spectroscopic database for acetylene in the regions of 5850-6341 cm -1 and 7000-9415 cm -1[END_REF], we elaborated a list recommended for the studied region which is provided as Supplementary Material III. On the basic of the empirical parameters obtained from the measured positions and intensities, a line list was generated for each band listed in Table 2 at the reference temperature of 296 K. For each branch of a given band, line parameters were calculated for all the transitions up to a maximum J value generally exceeding by 1 the largest J value included into the intensity fit. Line positions were computed using the spectroscopic constants of Table 1 and line intensities were obtained from |R0| 2 and Herman-Wallis factors collected in Table 2. This approach allows averaging the measurement errors, completing the experimental observations by interpolation between measured lines and slightly extending the list beyond the observations. This is especially important in the highly congested Q-branch region as well as in the case of weak bands, where a significant number of lines are obscured by stronger ones. The superposition of the experimental spectrum to the recommended list presented in Fig. 10 shows a number of calculated lines near the head of the Q-branch of the +(24+5) 1 I band at 8398.7 cm -1 which cannot be derived experimentally but are included in the recommended list. Note the presence of a few unassigned lines with intensity on the order of 10 -26 cm/molecule, in the displayed spectral interval.

The studied region is the highest frequency region that we investigated by CRDS. As a result of the sensitivity of the recordings and of the high energy range, perturbations are frequent and the bandby-band model is often insufficient to account for the observations. As a rule, the direct comparison to the spectrum was used to make to best choice between the measured and calculated line parameters. In general, calculated values were kept if the band intensity fit was successful and no perturbation was noticed around the considered line. When the calculated line position was found clearly shifted from the observed line center, we kept the measured value and marked such lines with a "p" tag in the Supplementary Material III. No interpolation or extrapolation was performed around perturbed J values.

In the cases where the intensity fit failed or the measured intensity was significantly smaller than the calculated value, the measured value was transferred to the recommended line list with a "e" tag. The recommended line list contains 2707 lines of 12 C2H2, 404 lines of 13 C 12 CH2 and 28 lines of 12 C2HD. The number of lines is given for every band in sixth column of Table 2.

Fig. 10

Comparison of the CRDS spectrum of acetylene (P= 10 Torr) to the obtained recommended empirical line list (red stars). Note the calculated lines near the head of the Q-branch of the +(24+5) 1 I band near 8399 cm -1 and the presence of unassigned lines.

Concluding remarks

The high-resolution CRDS absorption spectrum of acetylene has been recorded with unprecedented sensitivity in the 1.2 µm region (8210-8670 cm -1 ) corresponding to a P= 13 variation of the polyad quantum number. The predictions of the global effective operator model developed at IAO-Tomsk [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] as provided in the ASD list [START_REF] Lyulin | ASD-1000: High-resolution, high-temperature acetylene spectroscopic databank[END_REF] have allowed assigning new bands and extending the assignments of already known bands. Nevertheless, besides the usual shift between predicted and measured positions of newly observed lines, significant issues concerning line intensities were evidenced (see e. g. Fig. 5).

Table 3

Statistical comparison of the number of lines and bands obtained in this work, provided by the HITRAN database [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF] or reported in the previous FTS study [START_REF] Lyulin | An empirical spectroscopic database for acetylene in the regions of 5850-6341 cm -1 and 7000-9415 cm -1[END_REF] in the 8200-8700 cm -1 spectral interval. The statistical comparison of the amount of data provided by the HITRAN2016 database [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF],

obtained from a previous FTS study in the region [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] and in the present work is presented in Table 3.

Our recommended list based on a band-by-band modeling of the assigned lines includes a total of about 3100 transitions of 52 bands of the 12 C2H2, 12 C 13 CH2 and 12 C2HD isotopologues present in natural isotopic abundance in our sample. Thirty-six of these bands are newly reported. It is worth underlying that our observations include many hot bands with upper levels belonging to higher energy polyads (up to P= 16 above 10000 cm -1 ) for which neither the band-by-band approach nor the global effective operator approach is fully satisfactory. This is the reason why a significant number of experimental line positions and line intensities were kept in our recommended list of assigned transitions in the region. As a further illustration of the limits of our knowledge of the near infrared absorption spectrum of acetylene, let us recall that about 5000 mostly weak lines measured in this work remain unassigned. They are provided as supplementary material for future assignments or tests of theoretical calculations of the acetylene spectrum based on the improvement of the effective operator approach or variational calculations.

Table 1. Spectroscopic parameters (in cm -1 ) of the rovibrational bands of acetylene assigned in the CRDS spectra of acetylene between 8203 and 8680 cm -1 .

The bands are listed according to the increasing values of the upper state energy levels. 

Notes

The confidence interval (1 SD) is given in parenthesis in the unit of the last quoted digit. The parameters of the lower vibrational levels of 12 C2H2, 12 C 13 CH2 and 12 C2HD (grey background) were constrained to their fitted values of Ref. [START_REF] Lyulin | High sensitivity absorption spectroscopy of acetylene by CRDS between 5851 and 6341 cm -1[END_REF], Ref. [START_REF] Cané | The FT absorption spectrum of 13 CH 12 CH: rotational analysis of the vibrational states from 3800 to 6750 cm -1[END_REF] and Ref. [START_REF] Liévin | Overtone spectroscopy and dynamics in monodeuteroacetylene (C2HD)[END_REF], respectively. a Normal mode labeling: vi=1-5 are the vibrational quantum numbers, l4,5 are the vibrational angular momentum quantum numbers associated to the degenerate bending modes and ε=e or f is the symmetry type relative to the Wang transformation. The labeling was obtained according to the maximum value of the modulo of the expansion coefficients of the vibrational eigenfunction in the normal mode basis (for low J values). In a few cases of the same main contributors different labeling has been chosen (see Text, Section 3). "N" marks upper states newly observed.

b Ntot is the total number of the observed transitions reaching a given vibrational state and nfit is the number of positions included in the fit of the parameters. e Observed branches with the maximum value of the total angular momentum quantum number. f Root mean square deviation in 10 -3 cm -1 unit. "P" marks perturbed states g Reference to previous reports: HIT16 [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF], Lyu16 [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF], DB17 [START_REF] Lyulin | An empirical spectroscopic database for acetylene in the regions of 5850-6341 cm -1 and 7000-9415 cm -1[END_REF], Dilo08 [START_REF] Lonardo | The FT absorption spectrum of 13 CH 12 CH (III): vibrational states in the range 6750 to 9500 cm -1[END_REF], Liev95 [START_REF] Liévin | Overtone spectroscopy and dynamics in monodeuteroacetylene (C2HD)[END_REF]. h The labeling differs from that of the reference DB17 [START_REF] Lyulin | An empirical spectroscopic database for acetylene in the regions of 5850-6341 cm -1 and 7000-9415 cm -1[END_REF] (see Text, Section 3).

Table 2

The obtained values of the vibrational transition dipole moment squared and Herman-Wallis factors. Only band center and approximate value of the vibrational transition dipole moment squared are given for the bands where the fit of intensities failed. The bands are ordered according to their band centers. e Root mean square deviation of the intensity fit in % f Ntot is the total number of lines included in our recommended list (SupMat 3) g Maximum J value included in the database for the P, Q and R branches of each band h The band was completed using indicated source: HITRAN2016 [START_REF] Gordon | The HITRAN2016 molecular spectroscopic database[END_REF] or Lyu16 [START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF] i Estimated uncertainties of the line intensities given in the recommended line list (SupMat 3). 

Fig 5

 5 Fig 5 is not a serious comparison and Table3compares only number of lines and bands in various sources. We have never claimed that Fig 5 was a comparison of line parameters but just the contents of different data sets. In the submitted version, we simply wrote: "An overview of our assigned list is presented in Fig.5and compared to the HITRAN2016 list and to the previous FTS list of Ref.[START_REF] Lyulin | The Fourier transform absorption spectrum of acetylene between 8280 and 8700 cm -1[END_REF]" . Fig.5doesn't present the comparison

13 C

 13 12 CH2. This information is included in the supmat1 and we believe that it does not deserve to be given in the text. Data from HITRAN16 or from Vander Auwera et al. Mol Phys 2002;100:3563-76 + Jacquemart et al, JQSRT 2009 ;110 ;732-742 were NOT used in the fits. -In Fig 10, a comparison between experimental spectrum and synthetic spectrum (calculated absorption coefficients) based on recommended line list will be more judicious, with obs -calc residuals. This will allow to really see how the recommended line list is matching with experimental spectrum. By plotting the recommended intensities versus experimental spectrum, you compare oranges and apples. I understood such plots for Fig 3 and 4 because it gives global information concerning how is ASD compares to this work in the view of the experimental spectrum, but for Fig 10, you compare in a final plot the exp spectrum and the recommended line list. Why not using calculated absorption coefficients based on recommended line list to compare oranges with observed absorption coefficients ?

Fig. 2

 2 Fig.2CRDS spectrum of acetylene near 8330 cm -1 dominated by the strong Q branch of the 1+3+34 1 band. The sample pressure was 10 Torr. The superposition of the Q lines (see inset) leads to an unusually high absorption peak in the Q branch compared to the P and R lines. On the second panel, the Q branches of the 1+3+44 2 -4 1 and 1+3+44 0 -4 1 bands are observed near 8323 cm -1 . The strong regular lines on the third panel belong to the Q branch of the 1+3+34 3 forbidden band. The successive enlargements illustrate the high dynamics of the recordings and high congestion of the spectrum.

Fig. 7

 7 Fig. 7 Part of the Q branch of the +(24+5) 1 II band affected by a local perturbation for J= 12, 13. The corresponding lower J values are given. Four transitions belonging to other bands are also indicated. The lower panel shows the (meas.-calc) position residuals obtained from the fit of the upper state constants.

Fig. 9 9 . 8 .

 998 Fig. 9 Four examples of the line intensity fits of the different cold bands (see details in the text). Red circles correspond to |R| 2 values of the P and R branches, while blue stars correspond to the Q branch. (m stands

c

  Observed band in Plíva notation. (see Text, Section 3). d Band center.

  ISO a Band b Gc c Nexp d rms (%) e Ntot f Transitions g |R0|

  CH2) and 263 ( 12 C2HD) b Band vibrational labeling, (v1v2v3v4v5ℓ4ℓ5) c Band center in cm -1 d Nexp is the number of measured line intensities included in the fit of the Herman-Wallis coefficients. No value is given when the fit failed.
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have been used to replace present measurements for S > E-25 cm/molecule. What about the 2 strongest bands present in HITRAN, which measurement did you use to generate HW and R02 of Table 2 ? I found the following sentence: « Vibrational transition dipole moments squared and Herman-Wallis coefficients obtained from an unweighted fit of the experimental intensity values are reported in Table

  2. ». Please clarify which measurements have been used to fit values of Table 2. For line positions only positions measured in the present work have been used to deduce spectroscopic parameters of Table 1, am I right? Please confirm that only measured positions from this work have been used to retrieve parameters of Table 1.

	By the way, the report of positions concerning the two strongest bands should refer to original works
	(Vander Auwera et al. Mol Phys 2002;100:3563-76 + Jacquemart et al, JQSRT 2009 ;110 ;732-742) used
	in HITRAN2016.

We thank the two reviewers and hope that the amended version is now suitable for publication in JQSRT.

 A high sensitivity absorption spectrum of acetylene is recorded by CRDS near 1.2 µm  More than 2600 lines are assigned to a total of 52 bands of 12 C2H2, 12 C 13 CH2 and 12 C2HD  Spectroscopic parameters and Herman-Wallis coefficients are derived  Comparison to literature data is discussed  A recommended empirical line list is provided for the 8210-8670 cm -1 region Acknowledgements This work is supported by CNRS (France) in the frame of the International Research Project "SAMIA" with IAO-Tomsk. O.L thanks Université Grenoble Alpes for a two-months support at LIPhy Grenoble. The analysis was supported by the Ministry of Science and Higher Education of the Russian Federation (V.E. Zuev Institute of Atmospheric Optics of Siberian Branch of the Russian Academy of Sciences).

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to influence the work reported in this paper.

ABSTRACT

The weak high-resolution absorption spectrum of natural acetylene has been recorded by high sensitivity cavity ring down spectroscopy (CRDS) near 1.2 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 at a pressure of 10.0 Torr, cover the 8210-8670 cm -1 spectral interval.

A list of more than 11000 lines was constructed in the region. The smallest intensity values are on the order of 10 -29 cm/molecule which is more than two orders of magnitude smaller than previous measurements by Fourier transform spectroscopy (FTS). More than 2600 lines were rovibrationally assigned using previous observations and predictions based on the effective operator approach. They include 2270, 338 and 28 absorption lines of 12 C2H2, 12 C 13 CH2 and 12 C2HD, respectively, belonging to a total of 52 vibrational bands, thirty-six of them being newly reported. For comparison, the HITRAN2016 database provides line parameters of only two 12 C2H2 bands in the same region. Spectroscopic parameters of the upper vibrational levels were derived from standard band-by-band fits of the line positions (typical rms values of the (obs.-calc.) deviations are better than 0.002 cm -1 ). The vibrational transition dipole moment squared and Herman-Wallis coefficients of 39 bands were derived from a fit of the intensity values measured in this work combined with previous FTS data for the strongest bands.

A recommended list is constructed in the region using calculated line parameters for the unperturbed bands and experimental positions and intensities for the others. The recommended list including a total of 3139 transitions will help to complete acetylene spectroscopic databases in the near-infrared.