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Polyads 
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Definition of polyad Pn:  n = 2v1+v2+2v3+v4  methane 
 

   n = k ikvk   general case 

set of ik coefficients: polyad scheme 
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The polyads of methane 
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Tetradecad calculated levels and mixings 
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Tetradecad calculated levels and mixings 

High resolution spectroscopy and first global analysis 

of the Tetradecad region of methane 12CH4 
 

A. Nikitin, V. Boudon, Ch. Wenger, S. Albert, L.R. Brown, S.Bauerecker and M. Quack 
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Creating the data base 

Identical for methane and ethylene: 

• Line assignment 

• Fit of the model parameters (accuracy) 

• Calculate all transitions 

• Create the tables (text format) and the sql 
script 

• Source this script which creates and feeds the 
base 
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Transitions 

isotopologue 

type 

lower level 

upper level 

wavenumber    accuracy+source 

intensity  intHITRAN accuracy+source 

Einstein coefficient 

collisional parameters: self, N2, O2, air, H2O, CO2, H2, He, Ar 

 broadening 

 shift      accuracy+source 

 temperature exponent 
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} 
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Levels 

isotopologue 

Pn    polyad number 

position   energy 

J     rotational quantum number 

C     rovibrational symetry 

     multiplicity (ranking) index 

      increasing energy order 

vibrational components mixings 

weight    statistical weight of the level 

“Spectroscopy and Dynamics of Ozone and Related Atmospheric Species”, Reims, October 3-5 2011 10 



Tables of the data base 

transitions 

molecular_states 

 transition_types  MW, IR,visible,Raman, … 

 sources   RIS format 

 multipole_types  electric dipole, polarizability 

 symmetry_names  A1, A2, E ,F1, F2, … 

 

molecule_types   XY4, XY3Z 

molecules_isotopes  12CH4, 13CH4, 12CH3D Inchi 

 level_descriptions  sets of modes 

 scalar_numbers   used for levels drawing calibration 

 

 vibrational_components  mixing percentages 

 vibrational_sublevels  intermediate quantum number values 
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41 920 molecular states 
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XY4 
 
  12CH4 
    P0 :        327 
    P1 :      1408 
    P2 :      5352 
    P3 :      8274 
    P4 :    18900 
 
  13CH4 
    P0 :        282 
    P1 :      1408 
    P2 :      5352 
 

 

XY3Z 
 
  12CH3D 
    P0 :        323 
    P1 :        294 
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    wave number       intensity    intensity              Jmax 

       cm-1         cm-2*atm-1    arb. unit 

12CH4 

     1547       0. /  275.   8.E-32 / 2.E-05       GS_GS   27 

    13025     911. / 1868.   2.E-18 / 2.E+00       Dyad_GS  25 

    19207     671. / 2076.    4.E+00 / 4.E+18  Dyad_GS_raman  25 

    31510       0. /  688.   2.E-41 / 2.E-05       Dyad_Dyad  25 

    49475    2076. / 3484.   1.E-22 / 5.E+00       Pentad_GS  25 

    72954    1842. / 3685.    5.E-03 / 2.E+20  Pentad_GS_raman  25 

   247325     455. / 2304.   6.E-29 / 1.E-02       Pentad_Dyad  25 

   459275       0. / 1133.   4.E-42 / 6.E-08       Pentad_Pentad  25 

    53439    3434. / 4902.   3.E-17 / 1.E-01       Octad_GS  18 

    75027    3276. / 5032.  2.E+02 / 1.E+17  Octad_GS_raman  18 

   267105    1854. / 3685.   3.E-20 / 6.E-03       Octad_Dyad  18 

   375012    1696. / 3804.  5.E+00 / 3.E+17  Octad_Dyad_raman  18 

  1015053     274. / 2473.   3.E-26 / 3.E-05       Octad_Pentad  18 

   114580    4670. / 6446.   2.E-19 / 4.E-02       Tetradecad_GS  17 

  3024031    1378. / 4097.  8.E-07 / 9.E+14  Tetradecad_Pentad_raman 17 

13CH4 

     1222       0. /  253.   2.E-29 / 2.E-05       GS_GS   25 

    13025     901. / 1865.   2.E-19 / 3.E+00       Dyad_GS  25 

    31525       0. /  694.   9.E-42 / 2.E-05       Dyad_Dyad  25 

    49475    2057. / 3478.   7.E-22 / 5.E+00       Pentad_GS  25 

    14636    2325. / 3219.                      2.E+01 / 2.E+20  Pentad_GS_raman  25 

    72951    1823. / 3680.                      8.E-01 / 3.E+19  Pentad_GS_raman_ani 25 

   247325     439. / 2307.   2.E-29 / 1.E-02       Pentad_Dyad  25 

12CH3D 

      834    2015. / 2338.   1.E-03 / 2.E+02       nu2   21 
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 6 249 558 transitions: 2 595 740 absorption 

    3 653 818   Raman 
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Accuracy 

RMS deviation for 12CH4 
 

      wave number intensity 

 

  Dyad-GS    0.13  mk 

  Pentad-GS    0.60  mk      9.6 % 

  Octad-GS    3.5    mk 

  Tetradecad-GS 23.0    mk    13.9 % 

“Spectroscopy and Dynamics of Ozone and Related Atmospheric Species”, Reims, October 3-5 2011 

} 
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Accuracy 

RMS deviation for 13CH4 
 

      wave number intensity 

 

  GS-GS   38.1    KHz       na 

  Dyad-GS    0.06  mk       na 

  Pentad-GS    0.46  mk      4.4 % 

  Dyad-Dyad  36.3    KHz       na 
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Extraction 
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http://vamdc.icb.cnrs.fr/PHP/methane.php 
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Technical resources 

   Dell poweredge R610  
  2x Intel Xeon X5570 quad core  
  12 GB RAM  
  150 GB disk (SSD) 

    18 GB calculation jobs 

      2 GB MySql data base 
  OS : Debian Squeeze 64bits 

 

Thanks to: VAMDC European network  

    ANR Project ‘CH4@Titan’ 
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 To do 

• Collisional parameters 

  Tony Gabard, ICB Dijon 
 

• 13CH4 Octad 

  H.M. Niederer, S. Albert, ETH Zürich 
 

• CH3D fit with C3vTDS 

  presently MIRS, A. Nikitin, LTS Tomsk 
 

• Several polyad schemes for one molecule type 
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Software (Django or java version) using the 
standards and protocols defined by VAMDC : 

       models.py 

       queryfunc.py 

       dictionaries.py 

            Restrictables 

            Returnables 

            Requestables => not yet implemented 
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Communication between VAMDC and the databases: 
NodeSoftware 
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Database is redifined in Python code: each table 
is defined as a python code class. 
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Models.py 
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List of attributes 



SetupResult (main function) : query the database 
and pass the output to the generator. 

 

                 SQL Query 

 

                 Run query in the data model 

                  

                 Create and stock the results 
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Queryfunc.py 
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Link between the database informations and the 

global names of VAMDC. 

 

• Restrictables : elements used to put some constraints on the 
table columns. 

                                                RESTRICTABLES = {\ 

                                                             'RadTransWavenumber':'wavenumber', 

                                                             'RadTransProbabilityLineStrength':'intensity' 

                                                        } 

• Returnables :  list of elements available in the database. 
 

                                               RETURNABLES = {\ 

                                                             'RadTransWavenumber':'RadTran.wavenumber', 

                                                             'RadTransWavenumberUnit':'1/cm', 

                                                            'MoleculeChemicalName':'Molecule.isotopename', 
                                               }                                                                                      
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Dictionaries.py 
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http://portal.vamdc.eu/vamdc-portal-dev/ 
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 VAMDC portal 
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 Query the databases 
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 Select databases 
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 Results 
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