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Abstract 24 

The Nitrous Oxide Spectroscopic Line list (NOSL-296) presented in this work is an 25 

empirical line list for the main isotopologue of nitrous oxide, 
14

N2
16

O, mainly dedicated to 26 

atmospheric applications. It contains line positions and intensities at a reference temperature 27 

of 296 K calculated using the effective operator approach. The intensity cutoff is 10
-30

 28 

cm/molecule. Almost 900,000 lines covering the 0.02-13,378 cm
-1

 spectral range are included 29 

in NOSL-296. The line list is based on the fitted non-polyad models of the effective 30 

Hamiltonian and effective dipole moment operator describing globally an exhaustive review 31 

of experimental data collected from the literature (more than 51500 line intensities). The non-32 

polyad model of effective Hamiltonian has been elaborated in Tashkun SA, J Quant Spectrosc 33 

Radiat Transfer 2019;231:88-101. doi 10.1016/j.jqsrt.2019.04.023 while the non-polyad 34 

model of the effective dipole moment operator is developed in the present work. The fitted 35 

models are able to reproduce measured positions and intensities with accuracies compatible 36 

with measurement uncertainties. Comparison of NOSL-296 with HITRAN2020 and Ames-37 

296 line lists are discussed. The NOSL-296 line list is provided as a Supplementary Material 38 

and freely accessible at https://ftp.iao.ru/pub/LTS/NOSL-296/  39 

https://ftp.iao.ru/pub/LTS/NOSL-296/
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1. Introduction 40 

The main goal of this work is to create a room temperature line list (NOSL-296) for the 41 

main isotopologue of nitrous oxide, 
14

N2
16

O. The Nitrous Oxide Spectroscopic Line list 42 

(NOSL-296) is proposed to improve the sets of line positions and line intensities in the future 43 

versions of the HITRAN [1] and GEISA [2] databanks. The sources for the 
14

N2
16

O data 44 

provided in the successive versions of the HITRAN database are summarized below. 45 

HITRAN2004 [3] line positions and intensities were taken from the SISAM.N2O line 46 

list of Toth [4]. This list covers the 500 - 7,500 cm
-1

 spectral range with a minimum line 47 

strength of 2.02×10
-25

 cm/molecule at 296 K. Most of the line positions and line intensities 48 

are calculated values obtained using spectroscopic parameters obtained from a band-by-band 49 

fit of line positions and line intensities measured by Fourier transform spectroscopy (FTS). 50 

The line positions and intensities of the 0001-1000 laser band in the 10-μm region were 51 

replaced with measurements by Daumont et al. [5]. [Here, we use the normal mode labeling 52 

of the vibrational levels, V1V2l2V3 where Vi= 1-3 are the vibrational quantum numbers and l2 53 

the vibrational angular momentum of the bending mode]. The line positions and intensities in 54 

the 0–50 cm
-1

 region were retained from HITRAN2000 [6].  55 

HITRAN2008 [7] reproduced HITRAN2004 with minor corrections and additions. 56 

Namely, two strong P(1) lines (at 578.5261 and 1167.2943 cm
-1

) were added. Also, six lines 57 

of the weak, strongly perturbed 0600–1000 band around 4.6 μm were added. The 58 

HITRAN2008 list of 
14

N2
16

O were kept unchanged in the HITRAN2012 [8] and 59 

HITRAN2016 [9] versions. Finally, the intensities of the 4200-0000 and 5000-0000 bands 60 

near 1.6 μm were improved in the HITRAN2020 list [1]. 61 

Thus, most of the 
14

N2
16

O HITRAN2020 line positions and intensities are, in fact, 62 

unchanged since HITRAN2004 while a huge number of measurements have become available 63 

in the two last decades. For the GEISA2020 databank [2], the situation is similar, most data 64 

originating from Toth’s line list [4]. 65 

There are three other (calculated) line lists available for 
14

N2
16

O. The Nitrous Oxide 66 

Spectroscopy Databank (NOSD) [11] constructed using the effective operator approach 67 

extends up to 8310 cm
-1

. The HITEMP line list [10] is a mixture of the HITRAN2016 [9] and 68 

NOSD-1000 [11] line lists. The HITEMP format is compatible with HITRAN format (the 69 

HITEMP reference temperature is 296 K). The line list contains about 3.5 million transitions. 70 

The third list is the room temperature line list, not yet published, developed by the Ames team 71 

[12]. The Ames list is based on an empirical potential energy surface (PES) and a pure ab 72 

initio dipole moment surface. The 
14

N2
16

O Ames line list was computed under the following 73 
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conditions: natural isotopic abundance, reference temperature of 296 K, upper state energy 74 

cutoff of 20,000 cm
-1

, line intensity cutoff at 296 K of 10
-31

 cm/molecule and frequency range 75 

from 0 to15,000 cm
-1

. The number of entries is about 1.4 million transitions. The Ames list 76 

will be considered below for a detailed comparison with our NOSL-296 list. 77 

The principal isotopologue of nitrous oxide, 
14

N2
16

O, is a non-symmetric linear 78 

triatomic molecule. Its equilibrium configuration in the ground electronic state belongs to the 79 

C∞V symmetry point group. Due to the approximate relations between the harmonic 80 

frequencies ω3 ≈ 2ω1 ≈ 4ω2, its vibrational states can be grouped according to the polyad 81 

number 82 

                  (1.1) 83 

where V1, V2, and V3 are degrees of excitation of the stretch (Σ+), bend (Π), and stretch 84 

(Σ+) normal modes. A vibration-rotation state of 
14

N2
16

O is fully characterized by six quantum 85 

numbers V1, V2, l2, V3, J, ε, where J is the total angular momentum quantum number, l2 is the 86 

vibrational angular momentum quantum number: l2 = -V2, -V2+2, ..., V2-2, V2, and ε is Wang 87 

symmetry, ε= 1 for e-type states and ε= 2 for f-type states. The numbers l2 and V2 have the 88 

same parity. This nomenclature which is adopted in the HITRAN and GEISA databases, will 89 

be used in the following. 90 

The above-mentioned NOSD and HITEMP line lists were calculated in the frame of a 91 

global effective model assuming no couplings between states belonging to different polyads. 92 

In fact, a number of interpolyad couplings have been experimentally evidenced which obliged 93 

to develop a non-polyad model of effective Hamiltonian to account for the measured line 94 

positions [13]. In this work, we develop a non-polyad model of the Effective Dipole Moment 95 

(EDM) to compute the corresponding line intensities with accuracies compatible with 96 

measurement uncertainties. The EDM parameters of the model were fitted to the measured 97 

and SISAM [4] line intensities collected from the literature. During the fitting process, the 98 

eigenfunctions of the fitted non-polyad Effective Hamiltonian (EH) model [13] were used. 99 

The model has spectroscopic level of accuracy: the root-mean-square of the (meas. –calc.) 100 

deviations is 0.006 cm
-1 

[13]. The fitted EDM model presented below is able to reproduce 101 

more than 27,000 measured and near 25,000 SISAM.N2O rotation-vibration line intensities of 102 

14
N2

16
O with accuracies compatible with measurement uncertainties. The resulting NOSL-296 103 

line list covers the 0.02 - 13,378 spectral range and counts 889,508 transitions with intensities 104 

above an intensity cutoff of 10
-30

 cm/molecule.  105 

The paper is organized as follows. The non-polyad EDM model is presented in the next 106 

Section 2. The input data file of the measured and calculated line intensities is described in 107 
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Section 3. In Section 4, we describe the algorithm and results of the fitting of the model 108 

parameters to the input data. In Section 5, the obtained NOSL-296 line list is presented before 109 

the discussion of the comparison with Ames-296 and HITRAN2020 lists (Section 6). Finally, 110 

a summary of the results obtained is presented together with a discussion of the best 111 

recommended line list (Section 7). 112 

2. Non-polyad effective dipole moment model 113 

The line intensity,        , of a vibrational-rotational transition from the initial i to 114 

final f states is given by the well-known equation: 115 

        
   

   
     

              

    
                       , (2.1) 116 

where T is the temperature, h is the Planck constant, c is speed of the light, C is the 117 

isotopic abundance, 
i f




 is the transition frequency, Ei is the energy of the lower state, k is 118 

the Boltzmann constant. Q(T) is the partition function and 
i f

W


 is the line strength. Within 119 

the effective operator approach applied to a linear triatomic molecule, the line strength is 120 

given by the equation 121 

         
   

   
   

   
   

   ,    (2.2) 122 

where   
   

,    and   
   

,    are the eigenfunctions and eigenvalues of the effective 123 

Hamiltonian      of the initial and final states, respectively: 124 

      
   

     
   

 and       
   

     
   

.   (2.3) 125 

  
   

 is the EDM operator which is obtained from the space-fixed component    by the 126 

same contact transformations as the EH from a vibration-rotation molecular Hamiltonian. 127 

Symbols i and f stand for composite sets of quantum numbers specifying initial and final 128 

vibration-rotation states of the transitions. 129 

The matrices of EH are constructed in Wang-type basis defined as 130 

                    
 

  
                                          131 

 (2.4) 132 

                               , 133 

with C= 1 (e-parity basis functions) and C= 2 (f-parity basis functions). The complete 134 

expression of the non-polyad EH matrix elements in this basis are given in [13]. 135 

The basis functions are ordered in increasing order of the polyad number P. Since J and 136 

C are good quantum numbers, the EH matrix in this basis,     , is bock-diagonal with respect 137 
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to J and C and thus each    
   

 matrix can be diagonalized independently. The eigenproblem 138 

(2.3) for the non-polyad EH model can be written as: 139 

    
   

    
   

         
   

,    (2.5) 140 

where N = 1, 2, …. is the ranking index numbering the eigenvalues of the    
   

 matrix 141 

in ascending order. Since the polyads overlap due to interpolyad interactions, the    
   

 matrix 142 

has infinite size and thus must be truncated for computing. It is done by fixing the maximum 143 

polyad number, Pmax. The    
   

 matrix includes all basis functions which belong to the 144 

polyads 0, 1, …, Pmax. 145 

In the frame of the polyad EH model, each    
   

 matrix is block-diagonal with respect 146 

to the polyad number, P. Each     
   

 block for P = 0, 1, …, Pmax can be diagonalized 147 

separately: 148 

     
   

     
   

           
   

,     (2.6) 149 

Where the index n = 1, 2, …. is the ranking index numbering the eigenvalues of the     
   

 150 

matrix in increasing order. Within the polyad model, the eigenfunctions are 151 

      
   

              

                      

             

  (2.7) 

where               

   
 are the mixing coefficients which define the contributions of the basis 152 

functions                     of the polyad P in an eigenfunction.  153 

For a non-polyad EH model, the expansion of an eigenfunction reads  154 

 

    
   

                

                     

             

    

   

  

(2.8) 

which leads to the matrix element of the EDM for operator: 155 

   

    
   

   
   

   
   

   

      
  

    
    

    
 

      
  

     
     

     
  

     

  
     

     
     

       
    

    
    

    

     

    

   

     

    

 

 

 

(2.9) 

 <  
    

     
     

          
   

   
     

      
      

         , 

 

 

where prime and double prime denote the final state f and initial state i, respectively. 156 
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The matrix elements of the non-polyad EDM operator are closely related to those 157 

developed for the polyad EDM operator [14-16]: 158 

 <  
    

     
     

          
   

   
     

      
      

           

 

 

 
        

               
     

       
    

              
 

(2.10) 

     
     

      
     

        
     

        
     

                  , 
 

where 159 

      
    

    
  ,       

    
     

    
     

    
          

    
                  160 

The function                is tabulated in Table 1 of Ref. [14] for small values of 161 

ΔV. The factor with the combination of Kronecker symbols appears inside the square root in 162 

Eq. (2.10) because we use Wang-type basis functions. 163 

The function           [16] for Δl2 = 0, ±1 is equal to the Clebsch-Gordan coefficient 164 

                                           

and for Δl2 = ±2 it can be written as 165 

                                                    

                                                   

                                                      

Following Ref. [17], the Herman Wallis type function,               , in Eq. (2.10) 166 

can be written as  167 

                   
     

     
                 

   (2.11) 

for transitions involving       matrix elements, and 168 

                 (2.12) 

 
 

 

 
    

     
        

     
               

     
          

         
   
 

   
 

for Q-branch transitions involving        matrix elements, and 169 

                  

 
 

 

 
    

     
    

     
  

 

 
    

     
    

     
        

     
            

(2.13) 
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for P- and R-branches of the same band. Here m = -J, 0, J+1 for P-, Q- and R-branches, 170 

respectively. 171 

The    
     

,      
     

, i= 1,2,3,    
     

,    
     

,       

     
, and    

     
 parameters in Eqs. (2.10-13) 172 

describe the strengths of all lines of cold and hot bands. For Δl2 = ±2, the      
     

,    
     

,    
     

, 173 

      

     
, and    

     
 parameters are set to zero. The dimension of all EDM parameters is Debye. 174 

Note that Eq (2.10) is a linear combination of the EDM parameters.  175 

For a polyad model of     , each J, C matrix is block-diagonal with respect to the 176 

polyad number P. This means that each eigenfunction is non-zero within a single polyad and 177 

Eq (2.9) reads 178 

    
   

   
   

   
   

      
  

    
    

    
 

    

  
     

     
     

       
    

    
    

    

 
  

     
     

     
  

      
(2.14) 

    
    

     
     

          
   

   
     

      
      

         ,  

where Pi and Pf are the polyads of the initial and final state, respectively. Eq (2.14) 179 

defines the polyad EDM model. All EDM parameters depend only on the       
 

 180 

  
    

 
   

     
 

   
   vector. This means that line strengths of all transitions with the same 181 

ΔP value are determined by a single set of EDM parameters. 182 

Our non-polyad model slightly differs from the polyad model presented in Ref. [16]. 183 

The latter is non-linear with respect to the EDM parameters others than    
     

, since the 184 

matrix element is proportional to  185 

   
    

     
               

   
   

     
      

      
            

   
     

         

 

   

                    

Our model is linear with respect to all EDM parameters. This allows us to calculate 186 

easily the derivatives 
      

   
   

  
, where x is an EDM parameter. This is an important 187 

advantage in fitting the EDM parameters to observed line intensities. 188 

In the polyad model, the dimension of the    
     

 parameters is Debye while all the other 189 

parameters are dimensionless while in the present non-polyad model, the dimension of all 190 

parameters is Debye. Note that the    
     

 parameters have the same values in the polyad and 191 

non-polyad models. For other parameters the non-polyad and polyad EDM parameters are 192 

related by the following simple relation: xnonpol =    
     

xpol. 193 
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 194 

 195 

3. 
14

N2
16

O line intensities data file 196 

The transition database used as input data includes measured line intensities collected 197 

from the literature [18-50]. Most data were obtained by Fourier transform Spectroscopy 198 

(FTS), and Cavity Ring Down Spectroscopy (CRDS). There is also a bulk of calculated line 199 

positions of 144 bands, including 319 sub-bands, compiled by Toth [4] and called the 200 

SISAM.N2O line list. The SISAM line positions and intensities were calculated using 201 

empirical parameters obtained from a band-by-band fit of FTS measurements. The 202 

SISAM.N2O list contains a lot of bands whose line intensities were not reported elsewhere. It 203 

is thus suitable to combine in a single input data file the SISAM.N2O list and all literature 204 

measurements. An important issue is how to associate realistic uncertainties to the calculated 205 

SISAM.N2O line intensities. SISAM.N2O intensities are given in units of cm
-2

/atm at 296K. 206 

The band intensities, Sv, cover the 10
-6

 - 10
2
 cm

-2
/atm range. We adopted a two-stage 207 

algorithm to calculate the SISAM uncertainties: (i) for each band, we set band uncertainty 208 

uncband in percent as 2, 3, 5, 10, 20, 30, 50, and 100 for bands with integer part of log10(Sv) 209 

equal 2, 1, 0, -1, -2, -3, -4, and -5, respectively. The Sv values are given in Table 2 of Ref. (4). 210 

This guarantees that the weaker the band is, the larger the uncertainty of its line intensities is, 211 

(ii) within a given band, the uncertainties of the P, Q, and R lines are calculated according to 212 

the expression 213 

        
                 

 

 
          

           
         , (3.1) 

where ln is the natural logarithm,       
       is the lower state rotational quantum number, 214 

and     
       is the J value of a branch at which the branch intensity achieves the maximum 215 

intensity value. The factor 1/3 controls the rate at which the line uncertainty increases as the 216 

difference        
           

        increases. This algorithm is, of cause, rather arbitrary but it 217 

provides a reasonable balance between the uncertainties of the measured intensities and those 218 

of SISAM.N2O. As a result, the SISAM.N2O uncertainties range between 3% and 100% 219 

while the mean value is about 27%. 220 

The exhaustive list of the sources used as input data of the non-polyad EDM parameters 221 

is presented in Table 1. 222 

  223 
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Table 1. 224 
Summary of the sources of the line intensities used as input data of the non-polyad EDM 225 

parameters. The sources are listed in chronological order.  226 
 227 

Source Technique a Nk Range (cm-1) Smin-Smax (cm/molecule) Umin-Umax (%) T(K) 

Lacome et al [18]  35 903.8 - 965.9 8.32E-24 - 4.65E-23 10.0 300 
Lacome et al [19] CTS 132 4944.3 - 5127.2 1.09E-24 - 1.08E-22 3.0 300 

Levy et al [20] FTS 159 1134.4 - 1327.4 5.25E-22 - 1.91E-19 5.0 295 

Toth [21] FTS 54 1133.5 - 1236.6 1.42E-24 - 2.43E-23 10. 296 
Loewenstein et al [22] TDLS 6 2168.7 - 2206.7 7.06E-21 - 8.86E-19 2.0 297 

HITRAN1986 [23] CALC 11 0.8 - 9.2 6.98E-26 - 7.27E-23 20. 296 

Varanasi et al [24]  TDLS 7 1249.7 - 1279.0 2.89E-20 - 1.54E-19 2.0 295 
Tang et al [25] TDLS 5 1142.2 - 1180.9 2.25E-21 - 5.70E-21 3.0 296 

Toth [26] FTS 2977 1108.9 - 3515.7 1.05E-25 - 1.02E-18 1.4 - 30.0 296 

Tothb [26] FTS 181 1836.6 - 2375.4 2.63E-24 - 4.69E-22 3.0 - 6.1 296 
Sirota et al [27] TDLS 15 465.1 - 465.5 4.76E-26 - 7.42E-26 5.0 380 - 421 

Rachet et al [28] FTS 153 2635.8 - 3078.3 5.70E-25 - 4.53E-24 2.2 296 

Rachet et al [29] FTS 253 2413.9 - 2831.8 8.11E-24 - 1.20E-21 2.2 296 
Azizi et al [30] FTS 301 2386.1 - 2606.1 6.97E-24 - 2.34E-20 2.2 296 

Chance et al [31] CALC 340 2.5 - 45.3 4.65E-26 - 3.12E-22 20.0 296 

Johns et al c [32] FTS 105 554.7 - 631.8 4.19E-22 - 1.43E-20 2.2 - 30.1 300 
Johns et al d [32] FTS 98 547.4 - 635.2 2.04E-22 - 1.11E-20 1.4 - 8.9 300 

Weber et al [33] FTS 96 557.2 - 616.0 1.75E-22 - 7.78E-22 3.6 - 12.1 303 

Régalia et al [34] FTS 178 2439.6 - 3507.3 1.21E-22 - 3.46E-20 2.0 - 3.4 296 
Tothe [35] FTS 895 3676.9 - 7795.2 8.82E-26 - 1.45E-21 2.2 - 15.1 296 

Tothf [35] FTS 540 4553.1 - 7231.4 1.01E-25 - 1.05E-22 2.2 - 15.1 296 
Claveau [36] FTS 79 2129.9 - 2363.2 4.71E-25 - 2.50E-23 3.5 300 

Daumont et al [37] FTS 561 3895.5 - 4796.2 1.43E-26 - 1.92E-24 2.7 - 85.0 296 

Daumont et al g [5] FTS 156 1058.9 - 1238.6 1.52E-25 - 1.36E-23 2.0 - 7.0 297.6 
Daumont et al h [5] FTS 343 900.9 - 1221.5 1.52E-25 - 5.54E-21 5.0 296 

Fukabori et al [38] FTS 103 3422.1 - 3510.5 5.50E-22 - 3.45E-20 5.0 - 50.2 296 

Parkes et al [39] CRDS 8 6540.7 - 6578.3 6.90E-24 - 2.29E-23 5.4 - 11.0 296 
Nemtchinov et al [40] FTS 41 2224.6 - 2252.1 1.02E-19 - 9.93E-19 3.0 296 

Fukabori et al [41] FTS 85 3322.3 - 3396.2 1.08E-22 - 1.62E-21 1.9 - 41.4 296 

Wang et al [42] FTS 447 6718.5 - 7576.0 1.96E-26 - 8.33E-25 10.0 296 
Daumont et al [43] FTS 3358 5465.2 - 10173.7 3.48E-27 - 2.07E-23 1.0 - 99.0 296 

Grossel et al [44] QCLS 5 1275.5 - 1279.0 1.03E-19 - 1.41E-19 1.0 296 

Aenchbache et al [45] THz TDS 44 8.4 - 44.3 3.90E-23 - 3.15E-22 3.4 - 20.5 296 
Milloud et al [46] ICLAS 91 12804.6 - 12899.2 1.24E-28 - 1.04E-26 20.0 296 

Toth [4] CALC 29141 525.5 - 7232.3 2.02E-25 - 3.08E-20 2.0 - 100.0 296 

Karlovets et al [47] CRDS 1245 7018.3 - 7652.5 1.31E-29 - 7.66E-25 3.0 - 38.0 296 
Karlovets et al [48] CRDS 2631 7915.8 - 8331.5 1.02E-30 - 2.02E-25 5.0 - 20.0 296 

Bertin et al [49] CRDS 2130 5696.2 - 5908.0 4.27E-29 - 5.00E-25 3.0 - 15.0 296 

Odintsova et al [50] OFLAS 16 4980.6 - 4984.3 2.65E-25 - 6.23E-24 1.0 296 - 298 
Karlovets et al [51] CRDS 2739 8325.8 - 8622.1 3.81E-30 - 1.19E-25 3.0 - 20.0 296 

Adkins et al i [52] FARS-CRDS 177 6248.8 - 6398.3 7.60E-26 - 3.13E-24 1.1 - 26.7 296 

Adkins et al j [52] FARS-CRDS 177 6248.8 - 6398.3 5.60E-26 - 3.09E-24 1.2 - 30.4 296 
Karlovets et al [53]  CRDS 3125 8321.8 - 8619.6 6.51E-31 - 1.16E-25 3.0 - 20.0 296 

Karlovets et al [54] CRDS 2405 7647.5 - 7986.6 3.70E-30 - 3.20E-24 3.0 - 20.0 296 
 228 
Notes 229 
a CTS - Czemy-Turner-type Spectrometer, TDLS - Tunable Diode Laser Spectroscopy, FTS - Fourier Transform Spectroscopy, QCLS - 230 
Quantum Cascade Laser Spectrometer, THz TDS - Terahertz Time-Domain Spectroscopy, ICLAS - IntraCavity Laser Absorption 231 
Spectroscopy, CRDS - Cavity Ring Down Spectroscopy, OFLAS - Optical Feedback Laser Absorption Spectroscopy, FARS-CRDS -232 
Frequency-Agile Rapid Scanning Cavity Ring Down Spectroscopy, 233 
b high pressure results, 234 
c measurements performed at National Research Council of Canada, 235 
d measurements performed at Kitt Peak National Observatory, 236 
e Table 5, 237 
f Table 4, 238 
g Measurements performed in Paris, 239 
h Measurements performed in Reims, 240 
i speed dependent Voigt profile was used, 241 
j Voigt profile was used, 242 
k Total number of intensity values provided in the considered source. 243 
 244 

Column 1 of Table 1 provides references to data sources ordered according to the date 245 

of publication. Column2 gives the technique used for measurements (see details in the 246 

footnotes of the table). The measured data were supplemented with the calculated line 247 
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intensities taken from Toth’s line list SISAM.N2O [4], HITRAN92 [23], and SAO database 248 

[31]. These sources are labeled as CALC in the second column. The number of lines, ranges 249 

of line position, v, and line intensity, s, are given in columns 3, 4, and 5, respectively. The 250 

measurement uncertainties (%) and temperatures (K) are listed in columns 6 and 7. If explicit 251 

uncertainty values were given in the publication, they were used. Otherwise, the listed values 252 

correspond to estimates based on the information given in the publication. The rationale for 253 

including the microwave calculated data in the input file is the unavailability of published 254 

measured data for the 0110-0110, 0200-0200, and 0220-0220 bands. Fig. 1 shows an 255 

overview of the SISAM and measured sets of transitions used for the fit. Overall, the whole 256 

dataset gathers more than 55600 entries including more than 29100 SISAM calculated 257 

intensities (relying on FTS measurements). The number of measured FTS entries is about 258 

11160 while about 14800 line intensities were obtained by CRDS. The weakest FTS and 259 

SISAM intensities are on the order of 10
-25

 cm/molecule while the high sensitivity of the 260 

CRDS technique allowed measuring much weaker lines (down to 10
-30

 cm/molecule) in the 261 

5700-8600 cm
-1

 spectral interval.  262 

 263 

Fig. 1. 264 
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Overview of the line list of 
14

N2
16

O transitions from the literature whose intensities were used 265 

as input data of the fit of the non-polyad effective dipole moment: SISAM (calculated) data 266 
and measurements (upper and lower panel, respectively).  267 
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4. Least-squares fits 268 

In this section, we present the result of the least-squares fit of the experimental line 269 

positions and intensities using the non-polyad effective operator model. 270 

According to Eq (2.9), the calculation of the transition moment requires the knowledge 271 

of the eigenfunctions. In this work, we use the eigenfunctions of the non-polyad EH model 272 

developed in Ref. [13]. Since the publication of this model, new measurements of line 273 

positions have become available [51,53,54,55]. The recent measurements were included in the 274 

line position data file presented in Ref. [13] and used to refine the non-polyad EH parameters. 275 

The dimensionless weighted standard deviation of the fit was 1.69 (compared to 1.71 in Ref. 276 

[13]), the number the fitted data was increased to 71,045 (56,888 in Ref. [13]), and 199 EH 277 

parameters were determined (195 in Ref. [13]). The partition function, Q(T), required to 278 

compute the line intensities [Eq (2.1)] was taken from Ref. [56].  279 

The procedure of the fit of the non-polyad EDM parameters minimizes the value of the 280 

dimensionless weighted standard deviation, χ, defined according to the usual formula 281 

 

   
 

   
  

  

  
 

  

   
, 

(4.1) 

where  282 

 
   

 

 
 

  
   

  
     

  
    

  
     

(4.2) 

is the symmetrized intensity residual of the ith line,   
   and   

     are observed and 283 

calculated values of the intensity of the ith line, respectively, δi is the measurement 284 

uncertainty of ith line in percent, N is the number of fitted line intensities, and n is the number 285 

of adjusted EDM parameters. Due to the lack of information on real experimental 286 

uncertainties of line intensity values in the vast majority of sources, it is convenient to use the 287 

following RMS value (in percent) to characterize the quality of a fit: 288 

 

     
 

 
   

 

 

   

 

(4.3) 

The transitions of our intensity database belong to the ΔP=0-16, 18, and 24 series. Their 289 

intensities were fitted simultaneously in order to derive a single set of the EDM parameters. In 290 

total, 27,639 measured and 24,337 calculated line intensities were fitted using 152 EDM 291 

parameters leading to χ and RMS values of 1.28% and 14.7%, respectively.  292 
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The choice and significance of the parameters, along with their values, were analyzed using 293 

the singular numbers sα and the right eigenvectors Vα of the dimensionless N-by-n Jacobi 294 

matrix J: 295 

      
  

  

   

   
, i=1,2,…,N; α=1,2,…,n (

4.4) 

The linear combinations     

 

   
   of the fitted parameters x, corresponding to large 296 

singular numbers, are well determined from the fitted data. Here cαβ are the components of the 297 

right eigenvector Vα, which corresponds to the singular number sα. These combinations are 298 

important for the model and are called “stiff” combinations [57]. In contrast, the linear 299 

combinations corresponding to small singular numbers have little effect on the behavior of the 300 

model. These unimportant parameter combinations are referred to as “sloppy”. The usefulness 301 

of the singular number analysis is illustrated in Fig. 2. 302 

 303 
Fig. 2. 304 
The singular numbers of the dimensionless Jacobi matrix of the fitted non-polyad EDM 305 

model. Open circles and dots correspond to the initial and final fit of the parameters (see 306 
Text).  307 

 308 

During a preliminary stage of the fit we obtained χ= 1.28 with a set of 167 parameters. 309 

All parameters were statistically significant i.e. x/Δx > 1, where Δx is the standard error of the 310 

parameter x. The corresponding singular numbers of the J matrix are plotted as hollow circles 311 

in Fig. 2. It is seen that the curve consists of three parts. The first one consists of the five 312 

largest singular numbers. The linear combinations corresponding to these numbers include the 313 
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 ,       

 
,       

 ,       
 ,       

 , and       
  parameters. These parameters are involved in 314 

stiff combinations and determine the core of the model. Most other parameters belong to a 315 

series with a log-linear behavior. The third part of the curve (above 160) exhibits a sharp 316 

decay. The parameters corresponding to these singular numbers belong to sloppy 317 

combinations. They are responsible for less important features of the model. As a result, it 318 

was decided to exclude 16 parameters corresponding to sloppy combinations and the EDM 319 

parameters were refitted. We got practically the same χ value with 151 parameters. Since the 320 

modified model has fewer parameters, it is expected to have better extrapolation capabilities 321 

than the initial model. Overall, we found that the singular value decomposition of the Jacobi 322 

matrix provides a very useful tool for analyzing the relative importance of the parameters of 323 

the model. 324 

Overall, over a total number of 55,645 intensity values, 51,589 and 4,056 intensity 325 

values were included and excluded, respectively. The intensity data from Refs. [5(Paris),18-326 

20,22,38,41] were excluded as their residuals ri show considerable systematic deviations from 327 

zero. We also removed a number of lines from other sources. Most of these lines are marked 328 

by experimentalists as badly measured, blended, or have unresolved e/f splitting. The 329 

SISAM.N2O calculated bands below 900 cm
-1

 were also excluded since, according to Ref. 330 

[4], the rotational dependence of these bands is that of the v2 band centered at 588 cm
-1

, whose 331 

dependence was taken from Ref. [32].  332 

 333 

Fig. 3. 334 



16 
 

Symmetrized intensity residuals of the line intensities used to derive the non-polyad EDM 335 

parameters versus their intensity value. Transitions excluded from the fit are not plotted. The 336 
Y-axis is limited by ±100%. 337 

The fitted model reproduces most of the measured intensities within their experimental 338 

uncertainties. This is illustrated in Fig. 3 where the symmetrized intensity residuals, ri – see 339 

Eq. (4.2), are plotted versus the measured intensity values. 340 

5. The NOSL-296 line list 341 

The fitted EH and EDM models presented in Section 4 were used to elaborate the 342 

NOSL-296 room temperature line list of 
14

N2
16

O which is freely available at 343 

https://ftp.iao.ru/pub/LTS/NOSL-296/. The list covers the 0.02 – 13,378 cm
-1

 frequency range 344 

with the following parameters: maximum polyad number Pmax= 24, maximum rotational 345 

quantum number Jmax=150, maximum lower level energy     
     =8,000 cm

-1
, frequency range 346 

0-15,000 cm
-1

, reference temperature Tref = 296 K, intensity cutoff Icut = 10
-30

 cm/molecule, 347 

and isotopic abundance of 0.9903. An overview of the NOSL-296 is presented in Fig. 4. Note 348 

that, due to missing intensity measurements, the EDM parameters of the very weak high 349 

energy transitions with ΔP = 17, 19-23 could not be fitted and the corresponding transitions 350 

are thus missing in our list (mostly above 11000 cm
-1

 – see Fig. 4). The V1V2l2V3 vibrational 351 

assignment included in the list corresponds to the maximum value of the mixing coefficients, 352 

              

  
 [see Eq (2.9)]. The maximum values of J, V1, V2, l2, and V3 are 122, 9, 19, 10, and 353 

6, respectively. Estimated uncertainties of the line positions and intensities for the lines 354 

having intensities greater than 10
-25

 cm/molecule are 0.001-0.01 cm
-1

 and 5-20 %. For weak 355 

lines these uncertainties may reach 0.1 cm
-1

 and 100 %.  356 

The format of the NOSL list is presented in Table 2. The format and units of the line 357 

position, intensity and lower state energy are identical as those used in the HITRAN database. 358 

Each energy level has two assignments. The first one is based on the dominant normal mode 359 

and is similar to that given in the HITRAN2020 list. It includes six integer numbers: 360 

V1,V2,|l2|,V3,J,C entering in Eq (2.4). The second one includes the three integer numbers: 361 

J,C,N defined in Eq. (2.5). The first assignment is not unique as, due to couplings, a same 362 

normal mode may be dominant in the eigenfunctions of various vibrational states. On the 363 

contrary, the second assignment provides a one-to-one correspondence between J,C,N and 364 

eigenvalues. The end of each record consists of two parts of variable length. The first part 365 

bracketed by ‘|’ and ‘||’ symbols, includes up to four pairs of numbers. The first one is the 366 

V1,V2,|l2|,V3,C vibrational assignment of the dominant basis function of the upper state. The 367 

second one is the absolute value of the mixing coefficient T which enter in Eq. (2.8). The 368 

https://ftp.iao.ru/pub/LTS/NOSL-296/
https://ftp.iao.ru/pub/LTS/NOSL-296/
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second pair (if any) has similar information about the next largest contribution. The maximal 369 

number of such pairs is four. The last part bracketed by ‘||’ and end of record gives similar 370 

information for the lower state 371 

 372 
Fig. 4. 373 
Overview of the NOSL-296 line list of 

14
N2

16
O and comparison to the HITRAN2020 374 

line list. 375 

 376 

Symbol Parameter 
Field 

length 
Data type Comments or units 

v Line position  12 real cm
-1

 

S Line intensity 10 real cm/molecule at 296 K 

   Lower state energy 12 real cm
-1

 

    Upper state vibrational quantum 

numbers 

3 integer  

     2 integer  

     2 integer  

     2 integer  

    1 integer  

    Lower state vibrational quantum 

numbers 

3 integer  

     2 integer  

     2 integer  

     2 integer  

    1 integer  

branch branch 2 character ‘P’, ‘Q’, ‘R’ 

   lower state J 4 integer  

   lower state Wang symmetry 1 character ‘e’ or ‘f’ 

   upper state J 4 integer  

C' upper state Wang symmetry 2 integer 1 for ‘e’ states 

2 for ‘f’ states 

N' upper state eigenvalue number 4 integer  

   lower state J 4 integer  

   lower state Wang symmetry 2 integer 1 for ‘e’ states 

2 for ‘f’ states 

   lower state eigenvalue number 4 integer  
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|…|| upper state eigenvector decomposition   See text 

||…end of record lower state eigenvector decomposition   See text 

Table 2. 377 
Description of the parameters and the format of the NOSL-296 list 378 

6. Comparison with Ames-296 and HITRAN2020 line lists 379 

Ames-296 380 

The Ames-296 line list [12] is available at http://huang.seti.org with file name 381 

n2o.6iso.296K.1E-31.15Kcm-1.Y02-A8.dmsC.dat. The line list includes 6 isotopologues in 382 

natural isotopic abundance. It was computed with the following parameters: maximum upper 383 

state energy     
     = 20,000 cm

-1
, reference temperature Tref = 296 K, intensity cutoff Icut = 384 

10
-31

 cm/molecule. For comparison purpose with NOSL-296, we first extracted the 
14

N2
16

O 385 

transitions with intensities greater than 10
-30

 cm/molecule. The line position range of the 386 

Ames-296 list extends up to 14,998 cm
-1

. The number of Ames and NOSL lines are 837,939 387 

and 889,509, respectively. 388 

In the Ames list, each energy level is identified with the J, P, S, N numbers. The parity 389 

P and the symmetry S enable us to determine unambiguously the Wang parity, C, used for the 390 

assignments in NOSL-296. The J, C, N numbers, also used for our assignments, are identical 391 

to those defined in Eq (2.5). Therefore, a one-to-one correspondence could be established for 392 

most of the lines of the two lists. Out of 837,939 Ames-296 transitions, we were able to match 393 

757,807 transitions (more than 90 %). The differences between Ames and NOSL line position 394 

presented in Fig. 5, show an overall good agreement with more than 92% position differences 395 

agreeing within ±0.1 cm
-1

. We note however deviations approaching +1.5 cm
-1

 and -3.2 cm
-1

. 396 

In principle, our EH model has an accuracy close to the experimental accuracy and provides 397 

more accurate transition frequencies than the Ames calculations based on an empirical PES. 398 

The excellent predictive ability of the EH model has been checked in the successive CRDS 399 

studies in the near infrared. For instance, in the very recent analysis of the CRDS spectrum in 400 

the 8325 and 8622 cm
−1

 region [53], most of the 2745 reported transitions of 
14

N2
16

O, were 401 

newly detected and the maximum position deviation of the predicted line position was limited 402 

to 0.048 cm
-1

, the great majority of the measured line positions coinciding with the EH 403 

predictions within ±0.01 cm
-1

 (see Fig. 4 of Ref. [53]).  404 

http://huang.seti.org/
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 405 

Fig. 5 406 
Differences of the 

14
N2

16
O transition frequencies in the NOSL-296 and Ames-296 lists and 407 

corresponding histogram. 408 

 409 

The histogram of the deviations presented in the lower panel of Fig. 5 confirms the 410 

slight systematic overestimation of the Ames position apparent on the upper panel (the 411 

median deviation is about 0.027 cm
-1

).  412 

As a test of the NOSL and Ames intensities, we present in Fig. 6 a comparison to the set 413 

of intensity values used in the fit of the EDM parameters. Symmetrized intensity residuals are 414 

plotted for the two lists. Overall the agreement is good even if some significant deviations are 415 

noted for the strongest lines of the Ames list which have an intensity overestimated by about 416 

3.5 %. In addition, there are two series of lines with line intensities as large as 10
-21

 417 

cm/molecule have their Ames intensities underestimated by about 25 % (compared to 418 

measurements and NOSL). Namely, the Q branch lines of the 0110-0000 band with even J 419 
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values (the symmetrized intensity residuals are about 10%) and the 0002-0000 band (the 420 

symmetrized intensity residuals are about 30%). Interestingly, the Q branch lines of the 0110-421 

0000 band with odd J values are in perfect agreement with NOSL values (the symmetrized 422 

intensity residuals are about 1%). 423 

 424 

Fig. 6. 425 
Symmetrized intensity residuals for the NOSL-296, Ames-296 and HITRAN2020 lists 426 

compared to the line intensities used to determine the non-polyad EDM parameters (blue, red 427 

and green open circles, respectively). On the lower panel, the NOSL-HITRAN symmetrized 428 

intensity residuals, 
 

 
 

  
    

  
       

  
      

  
     , are plotted for comparison (orange dots).  429 
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HITRAN2020 430 

The 
4
N2

16
O list provided in HITRAN2020 incudes 33236 transitions, most of them 431 

transferred from the SISAM.N2O line list, as summarized in Table 3. The HITRAN intensity 432 

cutoff is 2×10
-25

 cm/molecule for most of the bands. This value is about five orders of 433 

magnitude larger than both the NOSL-296 intensity cutoff and the detectivity threshold of the 434 

most sensitive intensity measurements performed by CRDS (see Fig. 1).  435 

 436 
Table 3. 437 
Summary of the HITRAN2020 

14
N2

16
O sources. 438 

 439 

Source 
vmin-vmax 

(cm
-1

) 
Smin - Smax (cm/molecule) N 

a
  

Unc v 
b 

(10
-3

 cm
-1

)  

Unc S 
c 

(%) 

Rothman et al. [23] 0.8-9.3 4.7×10
-26

 - 7.3×10
-23

 51 unreported unreported 

Chance et al. [31] 10.0- 45.3 5.8×10
-26

 - 3.1×10
-22

 300 unreported unreported 

Johns et al. [32] 508-672 1.2×10
-28

 - 1.8×10
-20

 293 0.001 - 0.01 5 - 10 

Daumont et al. [5] 872- 1246 1.0×10
-26

 - 3.7×10
-23

 268 0.1 – 1.0 1 - 5 

Adkins et al. [52] 6165-6405 1.0×10
-30

 - 2.1×10
-25

 191 1.0 – 10.0 <1 - >20 

Toth [4] 526-7797 2.0×10
-25

 - 1.0×10
-18

 31996 0.1 – 1.0 2-5 

Toth [58] 
d 
Adkins et al. [52] 6246-6396 2.1×10

-25
 - 3.1×10

-24
 166 0.1 <1 - 5 

 440 
Notes 441 
a Number of transitions 442 
b HITRAN2020 error bar on the line positions 443 
c HITRAN2020 error bar on the line intensities 444 
d Source for the line positions 445 

Most of the HITRAN2020 line positions and line intensities are based on calculations 446 

performed by Toth [4]. Line positions were modeled with effective parameters of the 447 

vibration-rotation energy level. The vibration-rotation energy levels Ev belonging to 448 

vibrational state V=(V1,V2,l2,V3,C) is modeled using the standard expression: 449 

                                                       (6.1) 450 

and the line position of a transition is given by 451 

                           

The spectroscopic constants Gv, Bv, Dv, Hv, Lv of the upper and lower states were fitted 452 

to the observed transition frequencies. The fitted values of these constants are given in Table 453 

1 of Ref. [4]. There are several strongly perturbed bands for which the expansion (6.1) fails. 454 

In those cases, the measured values of the line positions were adopted in SISAM.N2O. 455 

The line position residuals vNOSL - vHITRAN are plotted in Fig. 7 as a function of the line 456 

position. Most residuals are rather small, within ±0.01 cm
-1

. However, there are several bands 457 

whose residuals reach 0.1 cm
-1

. All these bands originate from SISAM.N2O and have l2 > 3. 458 
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 459 

Fig. 7. 460 
Line position differences (vNOSL - vHITRAN) between the presently constructed NOSL-461 

296 line list of 
14

N2
16

O and the HITRAN2020 database.  462 

  463 

For the line strength, S, the following expression was used 464 

    
 

  
         

 

  
       

  

  
 

 

  
   (6.2) 465 

where Sv is the band intensity, v is the transition frequency, ν0 is the band center, L is the 466 

square of the matrix element of the direction cosines connecting the upper state to the lower 467 

state, ER is the lower state rotational energy, k is the Boltzmann constant, T is the temperature, 468 

and QR is the rotational partition function. 469 

The band intensity Sv is expressed, in turn, as 470 

   
   

      
           

  

  
      (6.3) 471 

where Qv is the vibrational partition function, EV is the lower state vibrational energy, and R is 472 

the matrix element of the rotationless electric-dipole moment. The L factor depends on J”, ℓʹ, 473 

ℓ″, and m, where m = J″ + 1 for the R-branch (ΔJ= 1), m = –J″ for the P-branch (ΔJ= –1), m 474 

= 0 for the Q-branch, ℓ is the vibrational angular momentum quantum number. The 475 

expressions for the L factor are given in Eq. (4) of Ref. [4]. Finally, the F-factor is expressed 476 

as: 477 

            
          for P and R branches, and  (6.4) 478 

        
          for Q branches, 479 
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where f=1 for the Δℓ =0, ±1 bands and f=[Jʹ(Jʹ+1)]
2
 for the Δℓ =2 bands.  480 

Thus, SISAM.N2O J dependence of the calculated line positions and intensities are 481 

based on simple polynomial expressions (6.1-6.4). For a given band, line intensities in the P 482 

and R branches depend on the Sv, a1, and a2 parameters while the Q line intensities depend on 483 

Sv and a3. The Sv, a1, a2, and a3 parameters of each band were fitted to the FTS measured 484 

intensities (their values are given in Table 2 of Ref. [4]). Overall, the SISAM.N2O include 485 

231 
14

N2
16

O bands but for 61 of them, only the band strength Sv is given and the 486 

corresponding ai parameters were assumed to be null. 487 

 488 

Fig. 8 489 
Symmetrized intensity residuals of NOSL-296 and HITRAN2020 versus line positions. 490 

As concerns line intensities, the NOSL-HITRAN symmetrized intensity residuals are 491 

plotted versus the line positions in Fig. 8. The bands below 900 cm
-1

 show largest residuals. 492 

According to Ref. [4], the values of Sv and a1 parameters for the v2 band centered at 588 cm
-1

 493 

were taken from Ref. [32]. For other bands below 900 cm
-1

, the ai values were set equal to 494 

those of the v2 band. Thus, all these bands have an identical rotational dependence. Estimates 495 

of Sv values were used for all these bands leading to large residuals in the 500 - 900 cm
-1

 496 

region. The 3000-2000, 2200-1200, 0511-0310 bands marked in Fig. 8 have intensities 497 

calculated with a1 =a2 =a3 = 0 [4] which leads to deviations larger than a factor of two 498 

compared to our values. 499 
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Residuals between the measured and HITRAN line intensities are included on the lower 500 

panel of Fig. 6 (green circles). Qualitatively, the distribution of the residuals is very similar to 501 

that obtained with NOSL. We note, however, a series of lines with intensities in the 10
-22

 - 10
-502 

21
 range with HITRAN intensities largely underestimated. The lower panel of Fig. 6 includes 503 

the NOSL-HITRAN residuals for the whole set of HITRAN data. Over a total of more than 504 

33000 entries, 1500 HITRAN line intensities deviate by more than 50% compared to NOSL. 505 

About 600 of them correspond to the above discussed SISAM data in the 500 - 900 cm
-1

 506 

region. The other ones above 900 cm
-1

 correspond to SISAM bands involving large values of 507 

the l2 quantum number, for which only the Sv values were used for the SISAM intensity 508 

calculations (see Table 2 of Ref. 4). 509 

7. Discussion and concluding remarks  510 

Several experimental works have proven that the traditional modeling of the N2O 511 

rovibrational spectrum in the framework of the polyad model of effective Hamiltonian 512 

neglects a number of interpolyad resonance interactions (in particular Coriolis interaction 513 

[35,48,49,51,59-62]. Consequently, a non-polyad model of the effective Hamiltonian was 514 

recently developed to account for the 
14

N2
16

O line positions including those perturbed by 515 

interpolyad interactions [13]. The line intensities to be associated to the calculated line 516 

positions requires the development of a non-polyad model of the effective dipole moment 517 

which has been elaborated in the present work. The intensity modeling which uses 518 

eigenvalues and eigenvectors of the non-polyad effective Hamiltonian [13], has allowed 519 

reproducing a large set of more 50,000 intensity values collected in the literature, with 520 

accuracy consistent with the measurement uncertainties. The non-polyad models of the 521 

effective Hamiltonian and effective dipole moment were used to create the room-temperature 522 

line list of 
14

N2
16

O, NOSL-296. Almost 900,000 lines covering the 0.02-13,378 cm
-1

 spectral 523 

range are included in NOSL-296 above an intensity cutoff of 10
-30

 cm/molecule at 296 K. 524 

The obtained line list was compared with HITRAN2020 [1] and Ames-296 line lists 525 

[12]. Although limited to lines with intensity larger than 2×10
-25

 cm/molecule, the 526 

HITRAN2020 line list, mostly relying on SISAM.N2O database by Toth, shows a number of 527 

deficiencies in particular in the 500 - 900 cm
-1

 region (see Fig. 8). 528 
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 529 

Fig. 9. 530 
Superposition of the CRDS spectrum of natural nitrous oxide recorded at 1.0 Torr to 531 

the retrieved stick spectrum (black squares) [54], to the present NOSL list (red dots) and to 532 

the Ames theoretical line list of 
14

N2
16

O (yellow stars) [12]. The R(J) assignments of the lines 533 

of the 2003e-1000e band are indicated. 534 

The Ames line list [12] based on an empirical potential energy surface and a pure ab 535 

initio dipole moment surface has the advantage to be complete down to an intensity cutoff of 536 

10
-30

 cm/molecule, the same as that of the NOSL list. Although the comparison of the NOSL 537 

and Ames lists shows an overall good agreement for the set of line intensities used for the fit 538 

of the non-polyad EDM parameters, the two lists show significant differences beyond the 539 

observations. Some general considerations on the respective advantages and drawbacks of the 540 

two lists are discussed below. 541 

As concerns line positions, the accuracy of the Ames positions cannot compete with the 542 

NOSL position accuracy. NOSL positions relying on an empirical fit of a large set of 543 

measured positions have an accuracy close to the experimental accuracy, typically a few 10
-3

 544 

cm
-1

. The comparison presented in Fig. 5 shows that Ames position uncertainties are one or 545 

two orders of magnitude larger. As an example, we present in Fig. 9 the direct superposition 546 

of the NOSL and Ames stick spectra to the CRDS spectrum of natural nitrous oxide recently 547 

analyzed in Ref. [54]. In the displayed spectral interval near 7700 cm
-1

, the Ames positions of 548 
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the five strongest lines are overestimated by 0.07-0.10 cm
-1

. If we now consider the line 549 

intensities of the same five lines, their Ames and NOSL values differ by about 10 %, the 550 

experimental values being intermediate between Ames and NOSL values. On the same Fig. 9, 551 

we have indicated the R(J) assignments of the lines of the 2003e-1000e band for which the 552 

Ames intensities show an excellent agreement with the experimental values while NOSL 553 

intensities are overestimated by about a factor of two. In order to illustrate the fact that this 554 

situation is not general and that it is not possible to draw a general conclusion on the 555 

recommended line intensities, we present in Fig. 10, the CRDS spectrum in the nearby region 556 

of the 0203e-0000e band centered at 7665.2734 cm
-1

 [54]. While the NOSL line intensities 557 

coincide with the measurements, the Ames intensities are systematically underestimated by 558 

about 20 %. (Note that none of the lines presented in Figs. 9 and 10 are included in the 559 

HITRAN2020 database). 560 

 561 

Fig. 10. 562 
Intensity comparison for the 0203e-0000e band of 

14
N2

16
O.  563 

Superposition of the CRDS spectrum of natural nitrous oxide to the corresponding 564 
experimental stick spectrum (black squares) [54], to the present NOSL list (red dots) and to 565 

the Ames theoretical line list (yellow stars) [12]. 566 

Thus, Ames and NOSL have specific advantages. The ab initio Ames dipole moment 567 

surface enables, in principle, to predict the intensities of all bands (including those of the 568 
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minor isotopologues). This is not the case of the NOSL list for which the required EDM 569 

parameters depends on the availability of measurements in the literature. For instance, due to 570 

the lack of intensity information, the very weak high energy transitions with ΔP = 17, 19-23 571 

are missing in the NOSL list. On the other side, when solid intensity information is available 572 

the fitted EDM reproduces most of the measured intensities with an accuracy consistent with 573 

the measurements (e.g. Fig. 10). The accuracy of the Ames intensities is strongly dependent 574 

on the empirical potential energy surface used to compute the eigenstates. In the case of weak 575 

interacting bands borrowing their intensity from a stronger partner, the accuracy of the 576 

eigenstates is critical. In those situations, in the case of carbon dioxide [63], the EH 577 

eigenstates proved to be more accurate than AMES eigenstates. 578 

It is worth underlying that for a given ΔP series of transitions, the accuracy of the 579 

NOSL calculated intensities might strongly differ according to the band, because they depend 580 

on different EDM parameters. For instance, we are currently performing an intensity analysis 581 

of CRDS spectra in the 6950 - 7653 cm
-1

 interval for which the position analysis was reported 582 

in Ref. [62]. The 0004-1000 band belonging to ΔP = 14 series of transitions and centered at 583 

7429.237 cm
-1

 is located in the studied region. The intensity of the 0004-1000 band is mainly 584 

determined by the        
  EDM parameter which could not be determined in the global fit of 585 

the EDM parameters used to generate NOSD intensities. As a result, NOSD predicted 586 

intensities are strongly underestimated by a factor of 9 compared to the observations while 587 

Ames intensities which are 8.5 larger than NOSL intensities, mostly coincide with the 588 

measured values.  589 

In summary, the next generation of the line list should combine the advantages of the 590 

different approaches. We would recommend the positions of most transitions to be taken from 591 

the non-polyad EH model. The EH predicted positions have proven to be highly reliable to 592 

assign newly observed transitions. In case of a large set of accurate measurements of a given 593 

band, band-by-band spectroscopic parameters might be an alternative approach for line 594 

positions but the EH model has the advantage to provide accurate predictions beyond the 595 

observations. In the case of transitions involving levels in the vicinity of the dissociation limit, 596 

the Ames positions may become preferable.  597 

At present, the optimal solution for line intensities appears to be a combination of 598 

NOSL and Ames calculated values. For the strong measured bands and strongly interacting 599 

bands NOSL values are preferable. For the bands not yet measured and for which the leading 600 

EDM parameters could not yet be determined (see the above example of the 0004-1000 band), 601 

the Ames intensity values should be preferred. The construction of a line list combining 602 
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NOSL and Ames intensities remains to be done. At the end of the process, serious validation 603 

tests against high quality spectra will be require ensuring that the best intensity source has 604 

been retained.  605 
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