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Main theoretical methods for vib-rot data reduction in spectroscopy

Effective models: Variational calculations

polyad Hamiltonians & trans. moments from PES & DMS
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Main theoretical methods for vib-rot data reduction in spectroscopy

Effective models:

polyad Hamiltonians & trans. moments
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CDSD (CO,)

Problems
Non complete

Extrapolations, isotopic effects
Poorly determined parameters

Variational calculations
from PES & DMS
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Databases providing a complete set of lines:
(« bird’s eye view »)

Partridge&Schwenke, HITEMP , IUPAC (water)
ExoMol (Tennyson,Yurchenko),

Lee, Huang-Schwenke (NH;,CO,), Csazar et al,
Reims-Tomsk lists (CH, : ApJ 789, 1 (2014))....
Problems

Accuracy

Spectroscopic assignment
Scaling with N (dimension pb)



Example log scale : example 13CH,
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Ab initio data base accuracy issues

6
Lwost CB/HB #Lines [ RMS (cm—)) ((RMS (%))
o . ' WKLMC, 80K
cm/molecules Positions Intensities L Simul Profil res=0.006 cm-1 i
10—23 CB 7912 0.057 4.1 L 4
HB 863 0.016 1.0
10—24 CB 14810 0.070 4.8
HB 2335 0.026 1.3
Variational RNT
. B No fits 7
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Accuracy of our room-temperature predictions
(T=296 K) in the range [0 - 5000] cm compared to
HITRAN for the rotational dependence of line
positions and for intensities.

Ab initio variational Rey, Nikitin, Tyuterev,
PCCP (2013)
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positions and for intensities.

Rey, Nikitin, Tyuterev,

Line position accuracy need to be improved by
one or two orders of magnitude !
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Does this work with effective
empirical models ?

(W1 |H|¥,)
Ep—E) !

ITJZ:W2+




Does this work with effective
empirical models ?

(P1H[¥,)
B —E;

quzllyz‘l' llU1+

Not always !

« Blind » fit : mathematically ill-defined
inverse problem !
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« Blind » fit : mathematically ill-defined
inverse problem !

“Inverse problem” for a 2x2 matrix:
determine parameters of a matrix H from experimental energies
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Poorly defined problem:

3 parameters . no unique Nyyo= 2
solution ata
Hi1,H22,Hiz
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empirical models ? « Blind » fit : mathematically ill-defined
inverse problem !
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Does this work with effective Not always !

empirical models ? « Blind » fit : mathematically ill-defined
inverse problem !

Key of the new data reduction
approache: accurately compute the
coupling from ab initio PES
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“Global” (variational) and “local”(effective) calculation in spectroscopy E ob

PES = ab initio potential energy surface Q

Direct global calculations

—

Infinite dimension,
« integro-differential » technique
(methodes : variationnal, DVR,...)

« Locale » methods:
Finite dimension ,
talgebraic techniques
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Effective Hamiltonians lying states

Ajustable parameters = Spectroscopic Constants



“Global” (variational) and “local”(effective) calculation in spectroscopy

PES = ab initio potential energy surface

Direct global calculations
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Infinite dimension,
« integro-differential » technique
(methodes : variationnal, DVR,...)

« Locale » methods:
Finite dimension ,
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New combined model: «CT-polyads / ab initio » (Tyuterev et al JCPA 139, 134307 (2013)
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Direct MOL_CT calculations for methane:



New combined model: «CT-polyads / ab initio » (Tyuterev et al JCPA 139, 134307 (2013)
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Ab initio dipole moment surface (DMS) transformations:

DMS in the
Eckart frame in
internal coordinates

ab initio dipole moment
- urfaces (DMS) Gabriel et al
(a) axes rotation: g
from Bisector frame
to Eckart frame

E

(b) from internal to

normal coordinates

E

DMS in the Eckart frame
in internal coordinates

DMS in the
Eckart frame
in normal coordinates

Intensity CT calculations for band ™ = Y (S, ol
dipole transition parameters ) _ /x4 o 1g (1)
Hn Z m'[ ks [ ks Hng Lm]\_v_f-

e o
nmI

Julien Lamouroux:

PhD thesis (Reims) Non-empirical predictions >

V.Tyuterev, S.Tashkun, H.Seghir SPIE Proc. 5311, 165 (2004) triatomics
J.Lamouroux, S.Tashkun, V.Tyuterev, CPL, 452, 225 (2008)

T.Delahaye, M.Rey, A.Nikitin, V.Tyuterev, in progress (2014) } 5 and 6 atomics ; CH4, C2H4



Ab initio =>CT
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New combined model: «CT-polyads / ab initio » (Tyuterev et al JCPA 139, 134307 (2013)
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New combined model: «CT-polyads / ab initio » (Tyuterev et al JCPA 139, 134307 (2013)
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Resonance Diagonal parameters
coupling terms: (v, B,D, ...):

fixed to ab initio fitted to obs lines



New combined model: «CT-polyads / ab initio » (Tyuterev et al JCPA 139, 134307 (2013)

0100 E 354 19  0.00011
0001 F2 1109 23  0.00016
1463 0.00015
1000 A1 186 18  0.00112
0200 E 215 16  0.00061
0200 AL 170 17  0.00063
0101 F1 617 18  0.00056
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Criteria of improvement of resonance couplings and wave-functions:

RMS fit of Octade intensities, 3500 lines :

11.2 % (with pure empirical He) => 7.5% (with ab initio couplings)

~ 600 res parameters fitted No res parameters fitted

Better wave functions => better model for intensity borrowing
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New combined model: «CT-polyads / ab initio » (Tyuterev et al JCPA 139, 134307 (2013)
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Output: line lists with line positions to experimental precision

With ab initio intensities sitting on them
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New combined model: «CT-polyads / ab initio » (Tyuterev et al JCPA 139, 134307 (2013)

Another option: fit with this model variational ab initio intensities
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Output: line lists with line positions to experimental precision

With ab initio intensities sitting on them

Do we want databases with such lists ?
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Further work, applications < astro < planeto

New CT:
Spectr.
Models
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Do we need such lists for higher E, T and High energies / hot bands
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