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o Motivation
Venus Express data analysis
Spectrum analysis/simulation for Venus environment

o Goal: High energy & high temperature IR Linelists
(up to 20,000 cm! above ZPE, 750K, 100bar)
(Position: 0.03 cm'; Intensity: 90%; line shape)
Can make reliable predictions with SAME Accuracy!

o Research Strategy:
Refine high-quality ab initio PES/DMS with high-res
experimental data --- Best Theory + High-res Exp

Funding a
Venus Express Supporting Investigator




1“NH,: Two-orders-of-magnitude Improvement

Pure ab initio (published) 1st refinement (published) — 2nd refinement (submitted)
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Calc - Exp / cm
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HITRAN2008 data for 2C'°0,,

Thank all the contributors, for your mvaluable work!
Otherwise we can NEVER i imagine a “refinement’!

Incomplete List of references

Rothman et al --J. Quant. Spectrosc. Rad. Transfer 48 (1992) 537

Miller & Brown -- J. Mol. Spectrosc. 228 (2004) 329

Perevalov & Tashkun, “CDSD-296 (Carbon Dioxide Spectroscopic Databank):
Updated and Enlarged Version for Atmospheric Applications,” 10th
HITRAN Database Conference, Cambridge MA, USA (2008).

Rothman et al -- J. Quant. Spectrosc. Rad. Transfer 110 (2009) 572

Accuracy will depend on and are limited by high-res data

No. of transitions: 128,117 (CDSD2008- 296 incorporated)
No. of energy levels: 14 809 0-14320cm™, J=0-125
291 vib states (Iower J=0-39)




HITRANOS is great! but not enough ...

No. of levels in HITRANOS8
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Ab initio PES/DMS

CCSD(T)/ACPF/MRCI for energies Tg
CCSD(T) and ACPF for dipole ~
(aug-)cc-pC(V)XZ basis, X=T,Q,5 é
S
E = Long-range terms (Morse-type) v
+ Short-range terms * damping func L
10
219 unique coeffs, i,k <8, i+j+k<12,i<j 0 10000 20000 30000 40000
551 selected geometries Potential above minimum / cm”

Higher weights on 472 points < 40,000 cm-’

= Points in every 1600 cm-1 interval
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= 1.161287 A (initial PES)
> 1.159179 A (1st refined PES)
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Before and after 1st refinement with J=0-4 levels

Exact Variational rovibrational Cl for all calculations

497 o Starting PES
e 1st refinement
(J=0-4 included)
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Fit J=0 only:
rms = 0.003 cm"’
for 31 levels

Fit J=0-4 only --- 1st
rms = 0.016 cm-’
for 553 levels

All higher energy band
origins (observed &
predicted) in Rothman
et al (1992) can be
included except for 3
bands above 20,000
cm-’

coeff changes < 1%




Compare to present HITRAN database

1st refined PES - HITRAN /cm’”

--- should we go to J=100 next?
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2"d refinement: after many failures ...
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Approximately, 3-4% HITRAN levels were excluded from J=0 — 95 statistics




ldentify outliers / convergence defects

HITRAN levels / cm™
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Agreement on nv,; overtones, n=0-5
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Data Selection for 3" refinement

Safe pool: 3094 of 4293 levels 50<J<95 72.1%

0 - + 1990 of 2037 levels J=0,5,..,50 97.7%
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Summary & Next Step

Goal

o Accurate high-energy & high-temperature IR line list for all CO,
isotopomers including line shape parameters

Current Stage
o 0.015/0.036 cm'! agreements for J = 0 — 10/50
o 0.07 cm overall accuracy for J up to 95.

Future work

o Use experimentally measured transitions/levels ONLY

o Higher energy/J refinement with careful selection, ~9000 cm!

o Nonadiabatic corrections may be necessary for isotopologues
o IR Intensity will be done as soon as J up to 40 are solved!

Thparlks ffor pout attantion!




SNH,: 0.00 — 0.03 cm-! for 3 HITRAN bands

AE/cm’
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