How to Characterise Uncertainties In
Molecular Opacities:
ExoMol Study

"8MGey Yurchenko and Valentina Blokhina,



This is very importe
for HiglRes

applications

ExoMolHD format: We now have
a column with energy
uncertainties
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This new column
represents the ene

uncertaintiesrit)

Theformats specificall
designed to help sele
only accurate data fg

highres applications
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with low uncertainties o column witlda

é i .e. co
the experimental “
(MARVELvalues —



MARVEEnNergieare

Measured Active obtained by inverti
Rotationalibrational experimental

Energy Levels frequencies

as
a system of linei
equations




How does this procedure affect the
spectra (cross sections) and then also
atmospheric retrievals?



Well, some data are already perfect
without MARVEL



You donot need to worry abo
data for CO



For CO, what you h
should be of excell
guality
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Figure 4. JWST /NIRSpec spectrum of VHS 1256 b, with important molecular gases highlighted. Molecules were identifie
via visual comparison with template spectra.




Our water line list POKAZATEL
IS quite good (at least at 296 K)
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Let 0s I ncrease temperature t
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In HR applications, we suggest that the
users select only accurate (Ma) lines and
ignore the rest



| would like to look at how this affects
the spectrum



The blue lines
are accurate =

These features are

from lines with larg
uncertainties ang
would be exclude
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TIO In principle should be in a good
shape
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Let 0s exclude |l 1 nes with
uncertainties (non -MARVELised)
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Similarly for VO



HyVO
1200 K

VO line list IS
even more a
problem
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One way dealing with this problem is to
add the non -accurate lines into a
featureless baseline



For example, for TiO In the visible
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and

t hen add
baseline

a l

accurat e
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Does it make sense?



Let me suggest something different



But first, | would like to understand how
the uncertainties of line positions affect
the cross sections
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Uncertainty

Uncertainty in the line

position introduces the

uncertainty in the cros:
section

Can we characterise

Shaded area
Is S




The obvious method is to propagate the
error



We need to evaluate the

Let s propagate er r (Rl
wrtthe line positions and

standard error -propagation technique: combine them with the

associated errors of each e
involved

where AEi and AEj are the uncertainties of the upper and lower states. Assuming a given line-profile f(#), the deriv-
ative wrt the energy is given by
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Error cross sections for the Lorentzian profile (Elorentz)

This is now implemen

For the Lorentzian line profile centred at ;; with HWHM -~y given by in theExoCrossode

. v 1
(2,0 Ve = — 73—

™ (U — Dig)* 4+

the corresponding derivative wrt 7;; is given by




Function Elorentz in ExoCross

The error function looks str
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It kind of makes sense in fthis
1e-19] CO, T=1000K, P=1 atm example of the accurate €0 1e-20 4
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TiO, P=1 atm Lorentzian
T=1700 K error Lorentzian

Not so much for less accu
line list foriO
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Well, it does not work because it is only
valid for small errors




Here Is a different idea



Let 0s assume that ninemcertail nt
positions represent a normal distribution
of associated errors
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Now, if we also consi
the line broadening (
collisions) as a probal
distribution of finding

line at certain positic

e . | t S
o collisions

usi ng t
distribution
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Now remember that
are also not certain in
knowledge of the lin
position

The line can be
anywhere around it
predicted centre with
uncertainty




.. Wwhich satisfies the
normal distribution



Let 0s convol ve

of the line positions due to our
knowledge (Gaussian) of
collision effects (Lorentz)

This is what we do whe
combining the uncertainty

to the line broadening anc
uncertainty due to Dogple
we convolve them!
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The convolution of
Gaussian and Lorentzi
IS Voigt!
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All we need to do is to compute spectra

using the standard Voigt profile with the
collisional line widths [ and the uncertainty
value , hcombined with the Doppler

.e.,



Cross sections with uncertainty Is a
convolution of the Lorentzian
(uncertainty due to collisions) and
Gaussian (uncertainty due to our

knowledge)
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This is now implemented in ExoCross



Results: TiO
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cross sections, cm?molecule
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Results: Water
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T=2000K
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T = 2000 K - Here the with th¢
error N
bar cross section
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Results: SIN (less accurate system)



Option 1: Use MARVELIised lines
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