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Infrared Laser-Absorption Sensing for Combustion Flows

Christopher S. Goldenstein’, R. Mitchell Spearrin?, Jay B. Jeffries®, and Ronald K. Hanson?®

1. School of Mechanical Engineering, Purdue University, West Lafayette, USA (IN).

2.Mechanical and Aerospace Engineering Department, University of California, Los Angeles, USA (CA).
3. Department of Mechanical Engineering, Stanford University, Sanford, USA (CA).

* csgoldenstein@purdue.edu

L aser-absorption spectroscopy (LAS) sensors have been used to characterize awide range of combustion systems,
including power plants, internal combustion engines, hypersonic propulsion systems, and novel detonation
combustors. Such systems demand sensors capable of providing increasingly accurate measurements of
temperature and molecular species at extreme temperatures and pressures spanning 500 to 4000 K and 0.5 to 100
atm, respectively. Researchers have employed a variety of light sources (diode, quantum cascade, and
hyperspectral lasers) and diagnostic techniques to meet these needs by interrogating the infrared absorption bands
of key combustion products, primarily H2O, CO, CO,, and NOx. However, the relative deficit of spectroscopic
databases and parameters that are accurate at such extreme thermodynamic conditions continues to limit the
accuracy of such sensors. Thistalk will provide an overview regarding the status of infrared LAS sensors and how
they have been applied to study combustion systems. Particular attention will be paid to several recently devel oped
diode- and quantum-cascade-laser-based sensors that were used to characterize detonation combustors [1,2].
Several semi-empirical databases enabling improved modeling of high-J H,O transitions at high-temperatures and
-pressures via lineshape models that account for Dicke narrowing and speed-dependent broadening will also be
discussed [3-5].

[1] C.S. Goldenstein et al, Proc. Comb. Inst. 35, 3739 (2015)

[2] C.S. Goldenstein et al, Meas. Sci. Technol. 25, 105104 (2014)
[3] C.S. Goldenstein et al, JQSRT 130, 100 (2013)

[4] C.S. Goldenstein et al, Appl. Phys. B 116, 705 (2014)

[5] C.S. Goldenstein and R.K. Hanson, JQSRT 152, 127 (2015)



Recent progress in variational hot spectra calculations

Michael Reyl'*, Andrei Nikitin>® and Viadimir Tyuterevl

1.Groupe de Spectrométrie Moléculaire et AtmosphérigiMR CNRS 7331, UFR Sciences Exactes et NawrBle1039 - 51687 Reims

Cedex 2, France

2.Laboratory of Theoretical Spectroscopy, V.E. Zuestitute of Atmospheric Optics SB RAS, 1, Acadamigiiev square, Tomsk 634021,
Russia

3.Laboratory of Quantum Mechanics of Molecules andi&ave Processes, Tomsk State University, 36 LAnenue, 634050 Tomsk,
Russia

* Michael.rey@univ-reims.fr

Accurate knowledge of near infrared intensities of polyatomic molecules is essential for the modeling of various
planetary atmospheres, brown dwarfs and for other astrophysical applications. The spectral characterization of
such planetary objects relies on the necessity of having adequate and reliable molecular datain extreme conditions
(temperature, optical path length, pressure). On the other hand in the modeling of astrophysical opacities, millions
of lines are generally involved and the line-by-line extraction is clearly not feasible in laboratory measurements.
Though they do not yet reach spectroscopic accuracies, recent global variational calculations based on ab initio
surfaces are probably the most suited for providing reliable cold and hot band transitions because they implicitly
account for all intramolecular interactions in a wide spectral range.

In the framework of the Reims-Tomsk collaboration, we present the recent advances in hot spectra calculations
from normal-mode models, accurate intra-molecular potential energy and dipole moment surfaces and efficient
computational methods. We will focus on our updated hot methane, ethylene and phosphinelinelists. First results
obtained from our new Eckart frame curvilinear model will be also presented.



Sapphire gas cell for collection of reference spectra with validation of H.O vapor
absorption thermometry up to 1723 K

Scott T. Melin, Scott T. Sanders
Engine Research Center, University of Wiscoadiftadison, 1500 Engineering Drive, Madison, WI 5870

Our recent work demonstrates a novel static gasleeeloped for quantitative spectroscopic studietemperatures
up to 2273K. The gas cell is sealed internally gsiptically contacted sapphire, allowing it to agterat temperatures
beyond that of previously demonstrated static cdlle cell is suitable for studies with a variefygas species,
including CQ, CO, Q,0OH, H0, and NO. Using a wavelength tunable externaltgaliode laser, direct absorption
spectra for KO vapor were recorded in the cell over the 732687681 range with resolution 0.0001 chat
temperatures from 296-1723K [1] and pressures flo@235 — 0.955 bar. Measured spectra were compgared
simulated spectra to infer gas temperature [2]sisb@nt with a common use of absorption spectros@mp a
combustion diagnostic. For a cell temperature7@3LK, the inferred temperature was 1728 K when B&2 used,
and 1688 K when HITEMP was used.

For applications in high speed situ gas thermometry, a high repetition rate (10-10QkHZO vapor absorption
thermometer has been built based on a MEMS-VCSHEEced3]. To validate the MEMS-VCSEL sensos(Hvapor
absorption measurements were performed in the glhower the 296-1723K temperature range at atmersph
pressure. The temperature accuracy of this sere®assessed using the fitting technique of Sietnas[4].

Keywords:

High-temperature spectroscopy
Gas cell

Reference spectra

H20 vapor thermometry

References:
[1] S.T. Melin, S.T. Sanders, JQSRT 180, 184 (2016)
[2] L.A. Kranendonk, A.W. Caswell, S.T. SandersphpOpt. 46, 4117 (2007)
[3] B.A. Steinet al,Appl. Phys. B 108, 721 (2012)
[4] 3. Simmset al, Appl. Opt. 54, 54, 4403 (2015)



High-temperature infrared spectroscopy using a high enthalpy source

*

Nicolas Suas-David l, Vinayak Kulkarni 1'2, Robert Georges l', Samir Kassi 3, Abdessamad
Benidar 1, Jonathan Thiévin 1, Badr Amyay 4, Vincent Boudon 4, Mickaél Rey 5, Olivier Pirali ® and

7
Jean Vander Auwera

1.Institut de Physique de Rennes, UMR 6251 CNRS-tdité&ele Rennes 1, Campus de Beaulieu, Avenue &émé&terc 35042 Rennes
Cedex, France

2.Department of Mechanical Engineering, Indian Ingstof Technology Guwahati, 781039 Guwabhati, India

3.LIPhy Université de Grenoble Alpes, UMR 5588 CNRS3041, France

4.Laboratoire Interdisciplinaire Carnot de BourgogrigMR 6303 CNRS—Université Bourgogne Franche-Con#&;. A. Savary, BP
47870, F-21078 Dijon Cedex, France

5.Groupe de Spectrométrie Moléculaire et Atmosphé&;igiMR CNRS 7331, UFR Sciences Exactes et NatyrBie1039 - 51687 Reims
Cedex 2, France

6.Ligne AILES — Synchrotron SOLEIL, L'Orme des Merisi F-91192 Gif-sur-Yvette Cedex, France

7.Service de Chimie Quantique et Photophysique, Wsitédibre de Bruxelles, Campus du Solbosch, CRi%Gvenue F.D. Roosevelt 50,
1050 Bruxelles, Belgique

* Robert.georges@univ-rennesl.fr

High-temperature spectroscopic data of polyatormotesules are lacking in the mid and near-infrastyes.
They are especially needed for the modelling ofdralwarf and hot Jupiter atmospheres or the cirtelias
envelopes of evolved stars. Various experimentpi@ches, based on the use of subsonic and hype fims
produced by a high enthalpy source [1], have beseldped in Rennes.

Thus, FTIR emission infrared data of methane haanlyecorded at about 1400 K in the dyad [2] amdgae
regions, under local thermodynamic equilibrium (DTd®nditions. In addition, high-resolution cw-CR@&ta
have been recorded in the tetradecad region undief.ME conditions by probing a hypersonic expansion
generated by a preheated mixture of argon and mefl3. A strong decoupling of the molecular intdrdegrees
of freedom has been obtained with rotational abdational temperatures of about 10 K and 750 Keetyely,
producing rotationally cold “hot bands” issued fraighly excited vibrational levels. In parallel, €@@RDS data
of methane have been recorded arounduin®y probing the shock layer resulting from thedrmldeceleration
of the hypersonic flow impacting on a screen, lagdo almost equilibrated rotational and vibratideanperatures
of about 800 K.

Références

[1] N. Suas-Davicet al, submitted to Chem. Phys. Lett.
[2] B. Amyayet al, J. Chem. Phy4.44, 024312 (2016)
[3] M. Louviot et al, J. Chem. Phy4.42 314205 (2015)
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Empirical line lists and assignments of hot methane and ammonia for the 1-2 um re-
gion

Andy Wong?, Christopher A. Beale!, Robert J. Hargreaves?" and Peter F. Bernath?

1. Department of Chemistry & Biochemistry, Old Dominion University, Norfolk, VA, USA
2. Atmospheric, Oceanic & Planetary Physics, University of Oxford, Parks Road, Oxford, OX1 3PU, UK
* robert.hargreaves@physics.ox.ac.uk

High resolution transmission spectra (0.02 cm™) of methane and ammonia have been recorded at elevated
temperatures (up to 1000 K) for the 1-2 um spectral range, using a Fourier transform infrared spectrometer and tube
furnace. These transmission spectra have been used to construct empirical line lists that contain line positions, intensities
and lower state energies, which are suitable for high temperature applications such as exoplanet and brown dwarf
atmospheres as well as combustion environments.

The 1-2 um spectral region contains a large number of transitions for both molecules, and the spectra become
very congested and difficult to assign at elevated temperatures. By comparing our high temperature spectra to the latest
state-of-the-art ab initio calculations from the University of Reims and the University College London, we are making
line assignments for hot bands and higher rotational levels. We will present our empirical line lists and compare our data
with the latest predictions.
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High temperature line lists for C2Hz2 and NO2 molecules

Valerii Perevalovl'*, Oleg Lyulinl, Anastasiia Lukashevskayal, Nina Lavrentievaz, Anna

Dudaryonok2

1. Laboratory of Theoretical Spectroscopy, V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634055,
Russa

2. Laboratory of Molecular Spectroscopy, V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634055,
Russia

* vip@Its.iao.ru

We present the high-resolution, high-temperature line lists for acetylene and nitrogen dioxide molecules. These
line lists have been generated on the basis of the global modeling of the line positions and intensities within the
framework of the method of effective operators. The line shape parameters were calculated using the semi-
empirical approach (NO, molecule) or simple empirical equations (CzH, molecul€). The reference temperature for
the line intensity in both line lists is 296 K and the intensity cutoffs are 102" cmr¥/molecule cm at 1000 K for
C2H; and 10% cmrt/molecule cm? at 1000 K for NO,. The CoH; line list covers 50-9900 cmt wavenumber region.
TheNO:z linelist covers 466-4776 cmt wavenumber region. Thelinelists are useful for studying high-temperature
radiative properties of CoH, and NO, molecules. These line lists will be freely accessible via the Internet site of
V.E. Zuev Idtitute of Atmospheric Optics SB RAS ftp://ftp.iao.ru/pub/.
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Climate modelling of primitive atmospheres and exoplanets: Progress,
problems and key spectroscopic uncertainties

Robin Wordsworthl’k, Yulia Kaluginaz, Sergey Lokshtanov™* and Andrey Vigasin4

1.John A. Paulson School of Engineering and Applied Sciences, Harvard University Cambridge, USA (MA)
2.Tomsk State University, Tomsk, Russia

3. Lomonosov Moscow Sate University, Chemistry Department, Moscow, Russia

4. Obukhov Ingtitute of Atmospheric Physics, Russian Acad. ci., Moscow, Russia

* rwordsworth@seas.harvard.edu

The rapid growth of exoplanet science over the last 20 years has brought a wealth of new opportunities and
challenges in the study of planetary atmospheres. It has also reinvigorated study of exotic climates (past and
present) within the Solar System. The need for new spectroscopic data in planetary climate studies is pressing,
but the parameter space is vast. In this talk | discuss a few key areas where more accurate spectroscopic data is
most needed. In particular, | describe current research frontiers in radiative calculations of the runaway
greenhouse effect, hot rocky exoplanet atmospheres, and cold reducing climates. | also present some new results
on the early Martian climate that utilize recently calculated collision-induced absorption coefficients for CO. in
combination with other gases (see also Kalugina et al., this conference). | conclude by discussing ways to
increase communication and collaboration between spectroscopists and planetary scientists in order to maximize
future progress.
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Spectroscopic needs for the Atmospheric Chemistry Experiment (ACE)

Chris D. Boonel'* and Peter F. Bernathl'2

1. Department of Chemistry, University of Waterloo, 200 University Ave West, Waterloo, Ontario, Canada, N2L 3G1
2. Department of Chemistry & Biochemsitry, Old Dominion University, 4541 Hampton Boulevard, Norfalk, VA, USA, 23529-0126
* choone@scisat.ca

The Atmospheric Chemistry Experiment [1] (ACE) isaellite mission for remote sensing of the Earth’
atmosphere, launched August 2003. The primaryumstnt on board is a high resolution (25 cm maximum
optical path difference) Fourier transform specteten (FTS) operating in the infrared (750-4400%:mThe
current status of the mission will be describednglwith summaries of recent results, work on tivthEoming
processing version (v4.0), and spectroscopic nfedhe mission.

Références
[1] P.F. Bernattet al, Geophys Res Le®&2, L15S01 (2005)
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MIPAS database: new HNOS line parameters at 7.6 um validated with MIPAS
satellite measurements

Marco Ridolfi 1’2'*, Jean Vander Auwera 3, Agnés Perrin 4'*, Jean-Marie Flaud 4,and Massimo Carlotti *

IDipartimento di Fisica e Astronomia, UniversitaRblogna, 6/2 Viale Berti Pichat, 40127 Bolognajjita

2stituto di Fisica Applicata “N. Carrara” (IFAC) deConsiglio Nazionale delle Ricerche (CNR), 10 Miadonna del Piano, 50019 Sesto
Fiorentino (FI), Italy

3Service de Chimie Quantique et Photophysique, 166709, Université Libre de Bruxelles, 50 avenu?. Roosevelt, 1050 Brussels,
Belgium

“Laboratoire Interuniversitaire des Systémes Atmésghes (LISA), UMR 7583 CNRS, Universités PartsdEéteil et Paris Diderot,
Institut Pierre Simon Laplace, 61 avenue du GénéeaGaulle, 94010 Créteil CEDEX, France

®Dipartimento di Chimica Industriale “Toso MontangrlUniversita di Bologna, 4 Viale del Risorgimento,

40136 Bologna, Italy.

* marco.ridolfi@unibo.it Agnes.perrin@lisa.u-pec,fdean-Marie.Flaud@lisa.u-pec,frauwera@ulb.ac.be

Improved line positions and intensities have bemmegated for the 7.6m spectral region of nitric acid [1].
They were obtained relying on a recent reinvestigatf the nitric acid band system at yiré [2] and comparisons
of HNOs volume mixing ratio profiles retrieved from the dfielson Interferometer for Passive Atmospheric
Sounding (MIPAS) limb emission radiances in theahdl 7.6um domains. This has led to an improved database
called MIPAS-2015. Comparisons with available lattory information (individual line intensities, @grated
absorption cross sections, and absorption crosisssrshow that MIPAS-2015 provides an improvesldiption
of the 7.6um region of nitric acid. This work should help tmpgrove HNQ satellite retrievals by allowing
measurements to be performed simultaneously ihtrend 7.um spectral domains. In particular, it should allow
a better analysis of the existing IASI spectra &l ws spectra to be recorded by the forthcomirfcated
Atmospheric Sounding Interferometer — New Generai8SI-NG) instrument.

Références

[1] A.Perrin, J.M. Flaud, M.Ridolfi, J. Vander AuveerM. Carlotti, Atmos. Meas. Tech9, 1-10, 2016
[2] A. Perrin, J. Phys. Chem. A, 117, 13236-13248,2
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Precise methane absorption measurements for MERLIN: an example of high-
resolution spectroscopy application for space-based remote sensing missions

Thibault Delahaye 1, Ha Tran'*, Stephen Maxwell 2, Zachary Reed 2, Joseph T. Hodges 2, Raphaél
Vallon 3, Virginie Zéninari 3, Bertrand Parvitte 3
1.Laboratoire Interuniversitaire des Systemes Atmégpghes (LISA, CNRS UMR 7583), Université Paris@&steil, Université Paris

Diderot, Institut Pierre-Simon Laplace, 94010 Cikte
2.National Institute of Standards and Technology, BO@eau Drive, MS 8320, Gaithersburg, MD 20899, USA

3.Groupe de Spectrométrie Moléculaire et Atmosphé&igiMR CNRS 7331, Reims, France
* ha.tran@lisa.u-pec.fr

Methane (CH4) is the second most important anthgepiz greenhouse gas after carbon dioxide. It is
responsible for about 20% of the warming induceddmg-lived greenhouse gases. The lack of predisieay
measurements of atmospheric methane is a majotepnalshich limits our understanding of methane seuend
sink-processes, existing surface measurements thfame do not have sufficient spatial coverage exadtely
quantify the worldwide distribution of methane esiss. Thus, high-precision space-borne measurement
techniques are necessary to obtain global covehageder to realize this goal, Centre Nationaltddtes Spatiales
(CNES) and Deusches Zentrum fir Luft- und RaumfébttR) proposed the “Methane Remote Sensing Lidar
Mission” (MERLIN [1,2]) in 2010 within the framewkrof a German-French climate-monitoring initiatibased
on the integrated-path differential-absorption (MLLIDAR technique. The selected on-line wavelenggh
situated at the trough£1645.55 nm) between two strong absorption featwhgsh belong to the R(6) manifold
of the 23 band of 12CH[1]. The primary objective of the mission is totaib spatial and temporal gradients of
atmospheric methane columns with high precisionamgtecedented accuracy on a global scale. Theretoe
temperature-, pressure- and wavelength- depentisatation cross-sections which describe the att@nuaf the
radiation by methane have to be known with extrgrhalh accuracy in order to achieve this objective.

Such spectroscopic monitoring of gases in the gtimere of the Earth requires a precise description o
absorption lines shapes that goes beyond the ¥igt profile (VP). In the case of methane, thefatiénces
between the measured profiles and those givendyEhcan be very important [3,4], making the VP ptately
incompatible with the reliable detection of soureesl sinks from space. These differences are dwartous
collisional effects between molecules that areewtghd by the VP (line-mixing, Dicke narrowing effend speed
dependence of the collisional broadening and sigiftiThe consideration of the recently recommenitedshape
model, the Hartmann-Tran profile (HTP) [5], alonghwline-mixing, is then particularly relevant ihi¢ context.

This lecture reviews our latest results on the ringef methane lines broadened by air in the 6%
region and the associated spectroscopic paraméading into account the latter collisional effeetsd their
temperature dependence. These results were obthins@nultaneously fitting the model parametershigh
sensitivity and high-resolution cavity ring-downesgroscopy (CRDS) spectra recorded at the Natimsaikute
of Standards and Technology (NIST) and high-regmutunable diode laser spectra recorded at theiggrae
Spectroscopie Moléculaire et Atmosphérique (GSMAinis), over a wide pressure and temperature rdfige.
influence of collisions involving water vapor wdlso be discussed. The use of these spectroscafsiadd the
associated model to calculate the spectrum absarptefficient to analyze ground-based atmospheCi€ON
will finally be presented.

Références

[1] C. Kiemleet al. Atmos. Meas. Tech, 2195 (2011)
[2] https://merlin.cnes.fr/

[3] A. S. Pineet al. JQSRT66, 69 (2000)

[4] H. Tranet al. JQSRT111, 1344 (2010)

[5] N. H. Ngoet al. JQSRT129, 89 (2013)
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Snapshot the O2 nightglow at 1.27pum at low altitudes on Mars with a Doppler
Michelson interferometer

Rui Zhangl'*, Chunmin Zhang1

1.Laboratory of Space Optics, School of ScienceanXiiaotong University, No.28 Xianning West Rod®049, Xi'an, Shaanxi, China
* ruizhangphysics@outlook.com

The Q(a'Ag) nightglow at 1.2jdm at low altitudes on Mars has escaped detectido opw due to its low intensity
[1], which is only a few tens of kilo-Rayleigh dsetmodels predicted [2-4]. Doppler Michelson Inéesimeter
(DMI) [5] is highly sensitive to weak airglow emisas and therefore well suited for this missiomew version
of DMI is designed to accommodate Martian obseoveti It is stable as it utilizes glasses only, nfitimio with
no moving part, field widened with a maximum diaevetip to 30°, thermally compensated with opticahpa
difference (OPD) variation lower than 2e-5cr#nd portable since both arms are shorter than 1Specifically,
four highly reflective right-angle cones are atedtto each end of the arms, rendering it simultas@btainment
of 4 images of airglow and its emission rate, a§ a&the velocity and temperature structure ofaheparcel
where the emission forms in a single integratiometii.e. being able to snapshot the atmospherecdie radius
also serves as an additional degree of freedommémvipulation of OPD. Together with a concave pychprism
which is designed to eliminate reflection loss, pheton arrival rate at the detector is increageddout one half
compared to traditional DMI as our calculation seoivhe underlying principles and design detailspaesented.
The retrieval algorithm for the air parcel velocityd temperature is demonstrated and discussed.

Keywords : Mars, Atmospheric measurement, Nightglow, Doppléchdlson interferometer

Références

[1] V.A. Krasnopolsky, Planet. Space S5, 243 (2013)

[2] G. Munozet al, Icarus176, 75 (2005)
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Random Projection Method applied to the Physical inversion of the full IASI
spectra: Assessment of spectroscopy and forward modelling consistency

Giuliano Liuzzi+ Guido Masiello, Carmine Serio, Sara Venafra

1. Scuola di Ingegneria, Universita della BasileaYia dell'Ateneo Lucano 10, 85100 Potenza, Italy

* giuliano.liuzzi@unibas.it

The random projection method have been used tomperthe mathematical inversion of spectra obsebyethe
Infrared Atmospheric Sounder Interferometer (IASI)e retrieval analysis have been used to assesp#tctral
quality and consistency of state-of-art forward elidg and spectroscopic databases for atmosphasdines
and continuum absorption. The study has considir@asands of IASI spectra acquired over sea suifatiee
Pacific Ocean close to the Mauna Loa (Hawaii) \&lih station. We have resorted to dimensionaétjuction

of the data space and performed a simultaneouvatrmethod for surface temperature and emissivity
atmospheric temperature®, HDO, G profiles and average column abundance of,dD, CH, SG, N:O,
HNOs, NHs, OCS and CE The random-projection-based retrieval systemidens the whole IASI spectrum (all
8461 spectral channels on the range 645:¢m2760 crf) and has the unique characteristic to perform a
mathematical inversion with a unified treatmentim§trument noise and forward model error, which ban
consistently assessed. The analysis of spectiduads shows that, after inversion, they are gdlyeraduced to
within the 1ASI radiometric noise. However, largasiduals still hold for many of the most abundgases,
namely HO, CHsand CQ. The HO v, spectral region is in general warmer (higher rackdrthan observations
and the spectroscopy is inconsistent among the bagtls. The C&»and NO/CO;vzspectral regions now show
a consistent behaviour for channels, which areipgpthe troposphere. On overall, the spectroscopg$! band

1 (645 — 1210 crf) shows an excellent consistency with IASI obséovet, with systematic effects confined below
30% of the instrument noise. Instead, updates ingpEctroscopy do not seem to improve residuals.efeet

of isotopic fractionation of HDO is evident in tB600-2760 cmiregion and in the atmospheric window around
1200 cmt.
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Atmospheric remote-sensing in the mid- and near-infrared: from the circulation
of the middle atmosphere to the accurate quantification of greenhouse-gas
sources and sinks

Johannes Orphall'*

1. Ingtitute for Meteorology and Climate Research (IMK), Karlsruhe Institute of Technology (KIT), Hermann-von-Helmholtz-Platz 1, 76344
Eggenstein-Leopoldshafen, Germany
* orphal @kit.edu

Remote-sensing of the Earth’s atmosphere in theimfidred has several advantages: first, obsemstere
possible during day and night (in contrast to mdshosing the ultraviolet and visible regions of #pectrum);
second, there are many species that can only leetddtin the infrared; third, one can obtain veitjorofile
information, not only from the observation geometwyt also from the impact of temperature on théemdar
spectra. To illustrate this, | will present recenivances at IMK in Karlsruhe, e.g. the detectioricfulation
changes in the middle atmosphere using tracer®][first observations of new species such as Br@[8Pand
SO [4] in the stratosphere or NH5] in the Asian monsoon, new technology for airie 3D imaging
spectroscopy of the upper troposphere and lowatosiphere [6, 7] and mobile ground-based measutsrimetine
near-infrared to quantify the greenhouse-gas eanissof large cities [8]. Finally, a concept for thecurate
quantification of greenhouse-gas sources and $inks geostationary satellite observations [9] isgented.

References
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Analysis of the ve band of CH sF between 1078 and 1240 cm % line positions,
intensities and self-broadening coefficients at roo m temperature

David Jacquemart " and Mickaél Guinet *

1.Sorbonne Universités, UPMC Univ Paris 06, CNRS, LB2B3, MONARIS, Université Pierre et Marie Curigyldce Jussieu, F-75005,
Paris, France
* david.jacquemart@upmc.fr

The 8.5 pm-spectral region of methyl fluoride waslged in terms of line positions, intensities aetf-broadening
coefficients at room temperature. A multispectruttiny was used to retrieve from 7 high-resolutiéourier
transform spectra line parameters for more thant@sitions belonging to the band between 1078 and 1240
cnl. The accuracy line intensities and widths measarndsn were estimated to be around 5 and 5-10%
respectivelyJ- andK-rotational were observed and modeled from thesttimm dipole moments squared and the
self-broadening coefficients retrievals. Comparssarith previous measurements and modeling in teealure
were also performed showing good agreement withptesent measurements (line positions and inteskiti
Based on the calculated line positions from Pagdoe$el. [1], on the calculated intensities frone thork of
Lepere et al. [2], and the calculated self-broadgubefficients from this work, a complete ling t$ almost 1500
transitions was generated for atmospheric or im@lstetection of ClF in the 8-9um spectral region. Moreover
an overview of the broadening coefficients obtaif@dCHsF, CHCI [3,4,5] and CHBr [6] will be presented as
well as the results from the semi-empirical moggleed to model thd- andK-rotational dependence.
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Brightness temperature and sensitivity analysis of trace gases in the
atmosphere based on the limb remote sensing model

LI Enchen™, LIU Weiliang®, HE Ping", SU Xinghua', YU Shili*
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In China, the air pollution has received more amdearattention by the government and the publithénatest
Chinese 13th Five-Year Plan, China has proposenhgoyth serious global climate change positivéiina will
take effective measures to control greenhousemgasmns, strengthen the climate change reseaudt,dspace-
based remote sensing monitoring system and proimiiaational cooperation in the next five years.

The application and research results show thatmater/sub-millimeter limb sounding technique hapecial
significance to the atmospheric environmental nooirig. In order to build an all-weather observatsystem of
trace gases in the atmosphere, it's imperativet@ldp millimeter/sub-millimeter limb sounder. Hoveg, for the
sake of design work of key performance parameterthé payload, it's essential to carry out sonmdi@searches
and establish forward model. This paper proposeewa forward model for millimeter/sub-millimeter lbn
sounding based on the “am” program, and reaches sasic conclusions.

To be specific, the “am” atmospheric model, devetbpy Smithsonian Astrophysical Observatory, waseh
as the base of the latter research at first. Tham’ program was extended to “ame” (atmospheric ehod
extension) program, based on the atmospheric reglimansfer theory and the molecular data fromRKN2008
database. Much more species of gases which cedt&inthe HITRAN database can be analyzed throhgh t
“ame” program. This new program can meet the requémt of following analysis. Then the layer model,
established on the basis of the limb viewing geoynét set up in this paper. The optimum detectiequency of
the concerned gas (CLO, CO;®{ HCL, HCN, HNQ, N2O, Gs;, SQ) can be determined by the simulation of the
“ame” program. Compared to the detection frequerichie EOS-MLS, the simulation results are highdpsistent
which verifies the feasibility of this method. Asst, this paper has analyzed the effect of ga®nbtu the detector
threshold sensitivity. The value of the payloadastivity is put forward in this paper and becatme reference
during the subsequent development of the millinistdr-millimeter limb sounder in China.
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The Line Shape Problem of High-precision Spectra of COzin the Pressure Range
between 0.002 and 1 atm: Measurements and Test of Models

V. Kapitanovl, K. Osipovl, A. Protasevichl, Yu. Ponomarevl, Ya. Ponurovskii’
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A dual-channel diode laser absorption spectrometer [1] was used to perform a highly accurate study of
the shape of CO, absorption linein pure gas, belonging to the R4, 30013-00001 combination band, at atemperature
of 296 K.

Standard models, including Voigt, Hard-collisional (Rautian), Soft-collisional (Galatry), and quadratic
Speed-dependent Voigt (Boone), were applied, tested, and compared in the pressure range between 0.005 and 0.8
atm, in order to prove the spectral line parameters linear pressure dependences.

It was shown an essential effect of small closely spaced lines on shifting, narrowing and broadening
spectral coefficients. The usage of Rautian and Galatry lineshape models leads to a significant deviation from
linear pressure dependence of the collision velocity change coefficients under pressure increasing. Most
appropriate for the common description of whole experimental spectrain wide pressure range (up to 1 atm.) isthe
quadratic Speed-Dependent (Boone) profile.

This work was supported by the Program of RAS Basic Research, project 11.10.3.7.
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Implementation of the Hartmann-Tran Profile in a multispectrum fitting program
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In its technical report, the IUPAC task group [@tommended the adoption of the Hartmann—Tran profil
(HTP) as the appropriate model for high-resolutspectroscopy. The HITRAdNine database now accepts
extensible line shape formats compatible with thisfile. We have incorporated the HTP model into a
multispectrum fitting program, Labfit, initially deloped by Chris Benner [2]. This multispectrurtiriij program
has proved very useful over the years and was tesddtermine parameters now in the HITRAN data lfase
[3] for instance). More recently, the developmefithe program was transferred to the Jet Propullsaiyoratory
to accommodate the needs of the OCO-2 mission. fdatures were added such as a modern interfacéhand
calculation of the collision-induced absorption ALI

We report on the progress and characteristicseoptbgram augmented with the HTP model. Portiorthef
HTP code are adopted from literature. We have a#did these codes and extended the derivatives. This
presentation describes the performances of the Infioddifferent implementations of the Voigt funati upon
which the HTP model depends. Ultimately the progmithbe applied to laboratory spectra of interesEarth
and planetary sciences in general, and, in paatictd oxygen A-band spectra of interest to cureerd future
missions (OCO-2, GOSAT, TROPOMI, CarbonSat and agnSVe will describe how we intend to test and
validate this new program with already availablpeximental data of the oxygen A-band. High qudétyoratory
spectra obtained with different techniques in aenighge of pressures across multiple temperatuhesliow us
to test the HTP model in different regimes.
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New spectroscopic data for modelling SF ¢ Absorption in the 10pm atmospheric window

Mbaye Faye 1’k, Vincent Boudon 2, Michel Loéte 2, Pascale Roy 1, and Laurent Manceron
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To model correctly the SRatmospheric absorption requires the knowledgé@tpectroscopic parameters of all
states involved in the many hot bands in the 10pmospheric. Nevertheless, due to their overlappandirect
analysis of the hot bands near the 10,5 um absorptli Sk in the atmospheric window is not possible. It is
necessary to use another strategy, gathering imfitwmin the far and mid infrared regions on itigad final
states to compute the relevant total absorption.

Here we present new results of an analysispettsa recorded at the AILES beamline at the SOLEIL
Synchrotron facility. For these measurements, wged a IFS125HR interferometer in the 1@260 cmit
range, coupled to a cryogenic multiple pass céll The optical path length was varied from 45 td 14 with
temperatures between 223 and 153 K. New informdtambeen obtained g+ v4 — vs, 2vs — ve andv3 +ve —
va, Which allow to derive improved parametersybr 2/s andvs +ve This is used to model the more important
va +vs —vsandvs +ve —ve hot band contributions. Including these new petrs in the XTDS model [2],
we substantially improved the previouss§farameters [3]. In addition spectra obtained aielotemperature
(120K) have been collected to attempt extractifigealist for the fundamentag band.
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High-resolution Fourier transform spectra of 8O- enriched isotopic samples of sulfur dioxide (32S*0'®0 and
325180;) have been recorded at 0.00102cm? resolution in the 400-620 cmr? region at synchrotron SOLEIL. These
spectra have been recorded at low temperature 185K using a3.14m optical path length cryogenic cell. Thisenables
the first detailed infrared analysis of the v, bands of the %S00 and 32S'®0; isotopologues of sulfur dioxide
located at 507.36541(1) and 496.59988(1) cmt, respectively. Using a Watson-type Hamiltonian mode! to compute
the upper and lower state energy levels, it was possible to reproduce the observed transitions. For both species,
accurate rotational and centrifugal distortion constants were derived for the upper (0,1,0) vibrational state, while
those of the (0,0,0) ground state were significantly updated as compared to those achieved during previous
investigations[1,2]. For thistask, we combined the results of the present infrared measurements with the available
literature microwave datain the (0,0,0) and (0,1,0) vibrational states. Finally, we took the opportunity of this study
to compare the quality of the fit using an A- and S- type reduction for the Watson Hamiltonian.
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New analysis of the ve and 2vs bands of methyl iodide (CHal)
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Methyl iodide, (CHI) is emitted in the atmosphere by marine algaepudolyzes with a lifetime of the order
of a week [1]. Itis also of nuclear interest. Hoeethis molecule is still not considered in spestopic databases
as GEISA or HITRAN. The goal of the present workoigienerate a set of accurate line positionshierd band
of 2CHjsl [2]. The spectrum of this band has been firsbrded using the Bruker IFS125HR Fourier transform
spectrometer (FTS) at the AILES beamline of the B@LSynchrotron facility and later with the Bruker
IFS125HR FTS located at the LISA facility in Crétdihe theoretical model used during this studyoaots for
the hyperfine structure and for the Coriolis resmes for the (A = £1;AK = 1) anda (A =FLAK =+2)

types of Coriolis interactions coupling together tb=1 energy levels with those from the=v2 and v = 1 states,
respectively. Altogether, about 10000 lines wedgaeed for thevsand 23 bands up to high quantum numbets (
< 85 andK < 20). Because of the large value of #fenuclear quadrupole hyperfine constant, a sigaiftqortion

of these assignments concerns clusters of hypesfitomponents, which are easily observable atrhl p
Therefore, the infrared data achieved during thiskwwvere combined in a least squares fit togethién the
existing microwave data on rotational transitiorithim the s = 1 and ¥= 2 vibrational states to get the upper
state rotational constants and interacting paraméte the ¥ = 1 and y = 2 states. On the other hand, it proved
unnecessary to update the existing hyperfine pasaméor the y= 1 and ¥= 2 states.
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In this work, we extend our recent works [1-3] diebto the study of CRDS spectra'8® enriched carbon
dioxide in the 5851-6990 chregion to the higher wavenumber range (6977-7948)cThe CW-Cavity Ring
Down Spectra (CRDS) dfO enriched carbon dioxide have been recorded id #&-1.26 um spectral region at
room temperature and pressure 10 Torr with a rexsigvalent absorptiosmn =~ 2x10%° cnr.

A total of 8671 transitions belonging to 166 band®leven CQ isotopologues were rovibrationnally assigned
on the basis of the predictions of the effectivarnifnian models [1-6]. Among the 166 assigned Isahd4
were observed for the first time. All identified rols belong to theAP=9-12 series of transitions, where
P=2Vi+V,+3V; is the polyad numberV( are vibrational quantum numbers). Most of the rawservations
concern thé®02C0 (628) and?C*0; (828) isotopologues: a total of 45 and 34 bandsvassigned for 628
and 828, respectively, while only 8 and 4 bandsvedrserved before.

The spectroscopic parameters have been deternonedl hewly detected bands from a fit of the meaduine
positions.The global modeling of the line intensities wasfpened to refine the corresponding sets of the
effective dipole moment parameters for tR8O?C'80, 0Cl’O, %C'80,, '0YCO and *CY0,
isotopologuesA number of inter- and intra- polyad resonanceyréstions were identified.
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Far-infrared collision-induced absorption by CO2-H2 and CHs-CO:2 and
applications to modeling of the early Martian atmosphere

Yulia Kaluginal, Sergey Lokshtanovz's, Andrey Vigasins'*, and Robin Wordsworth*®

1. Tomsk Sate University, Tomsk, Russia

2.Lomonosov Moscow State University, Department of Chemistry, Moscow, Russia

3. Obukhov Ingtitute of Atmospheric Physics, Russian Acad. Sci., Moscow, Russia
4.Harvard Paulson School of Engineering and Applied Sciences, Harvard University, USA
5. Department of Earth and Planetary Sciences, Harvard University, USA

* vigasn@ifaran.ru

Collision-induced absorption (CIA) in highly symmieal atmospheric molecules can have significafeiat$ on
planetary climate [1-4]. Previous paleoclimate nmimdehas shown that GGCIA must be modeled correctly for
an accurate representation of surface temperaturesrly Mars (see e.g. [2]). Exploring possibléepelimate
scenarios requires knowledge of the binary absmmppectra in the far-infrared which is appropriatearious
pairs of atmospheric molecules. Presently therst&xio conventional procedure to simulate collisiatuced
spectra of polyatomic molecular pairs. The curgsgper suggests an affordable procedure that carsdek to
simulate the CIA spectrum for a dissimilar pair rmblecules provided the spectra of similar pairseath
constituent molecule are known. This method reguihe knowledge oéb initio potential energy (PES) and
induced dipole (IDS) surfaces characterising aihi$ar pair. The CIA spectra of G&H, and CH-CO; are taken
as an example. First, zero-order spectral momeatswaluated using high-leva initio PES and IDS represented
in terms of analytical functions in the space #éimolecular coordinates. Second, the individu# §pectra are
summed and weighted in a way that the integrahisfdum matches thab initio calculated spectral moment of a
pair. This method is applicable provided that thermolecular perturbation is so weak that indieiduotations
of the two molecules in a pair are not suppressad. CIA spectra of identical GECO,, Hyx-H2, and CH-CHy
pairs were obtained using Borysow's set of FORTR&ddes [5]. Using our simulated CIA rototranslationa
spectra for C@H, and CH-CO, we are evaluating the impact of absorption byeheairs on the early Mars
climate. Our analysis shows the importance of tetdinowledge of CIA for dissimilar molecular paasd its
consideration in climate modeling.

This work was partially supported by the RFBR Gsal-03-03302, 15-05-00736 and by the Russian
Acad. Sci. Program 7.
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The low temperature (T = 200 K) far-infrared collision-induced spectra of pure CO, have been recorded at the
AILES beamline of SOLEIL synchrotron facility using the long-path cryogenic cell [1]. Thiswork isan extension
of previous observations (see e.g. [2-4]) to lower temperature. The rototrandational CO, band was examined in
the spectral range from 25 cmr? to 400 cmr? using optical path length of 141 m. The binary absorption coefficient
was then derived as a result of an average of the spectra obtained at 400 mbar and 600 mbar CO, pressure
normalised then to the gas density squared. Our obtained binary absorption coefficient agrees generally well with
the calculated values from [5] which are included in the CIA HITRAN data base [6]. Notable deviations are
observed, however, among the calculated and experimental band profile. These deviations are qualitatively in
agreement but are more significant than those observed in the spectra taken previoudly at higher gas temperature.
Possible origins of these deviations are discussed.
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Water vapour is known to absorb radiation frommnfierowave region to the blue part of the visiblecpum at
a decreasing efficiency. Ab-initio approaches taleiandividual absorption lines of the gaseous watelecule
predict absorption lines until its dissociationikit 243 nm.

We present first evidence of water vapour absomptiear 363 nm (27548 cihfrom field measurements using
data from Multi-Axis differential optical absorptiospectroscopy (MAX-DOAS) and Longpath (LP)-DOAS
measurements. The identification of the absorptieas based on the recent POKAZATEL line list [1].

We observed absorption by water vapour at 363 ntim @gtical depths of up to 2x£0They correlate well with
simultaneously measured well-established water wapbsorptions in the blue spectral range from 482-nm
(R? = 0.89), but the line intensities are underestamdty a factor of 2.6+0.5 by the ab-initio modei.afspectral
resolution of 0.5 nm, we derive a maximum crosgisewvalue of 2.7x18” cm2 moled at 362.3 nm.

The newly found absorption can have a significergact on the spectral retrieval of absorbing trgas-species
in the spectral range around 363 nm. Its effedherspectral analysis of4CHONO and OCIO is discussed.
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This study is a continuation of our analysis of@vatapour spectrum in the visible region [1-3]. Bpectrum
of water sample enriched B3O is recorded between 16,460 and 17,200 tiyma Fourier transform spectrometer
with a spectral resolution of 0.05 chusing high luminance LED Cree XPE AMB light soured a 60-cm
multipath cell. This is a highest in energy spdategion investigated for the O molecule so far. Parameters
of about 1600 spectral lines are determined frovioigt line profile fitting. Estimated accuracy dfd positions
of well isolated lines of strong and medium inténs about 0.003 crh
The spectrum assignment is based on the accuratgimaal calculations [4,5] as well as on the kmowpper
energy levels [6]. More than 700 absorption tramsit are attributed to the,$O molecule, mostly belonging to
the 321-000, 401-000, 420-000, and 500-000 vibnatibands. Labeling of the assigned transitionsliring the
highly excited rotational-vibrational energy levets established with the help of the effective H&mnian
calculations.
Previously the K80 spectrum in the considered spectral region hais sidied in [7] by CRDS technique leading
to the assignment of 265 absorption lines apprdwedhe IUPAC TG analysis [6]. The error on the caint
frequency in [7] was estimated to be 0.01*cMhe HITRAN 2012 database [8] includes 683% transitions in
the considered spectral region of which 290 congame variational data without full rotational-vitional
labeling. Then the new experimental data obtainedhis study represent an important enlargement and
improvement of the information on the'fD rotational structure and intramolecular intermusi at a high degree
of vibrational excitation.
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The efficiency of LED emitters in high resolutionw¥ier spectroscopy with small multipass cell hasrb
shown. Using a 2.5 W LED emitter as a light sodocehe spectrometer with a 60-cm multipass ceflrdya 24-
hour measurement time and by optimizing the pasgewer in the cell, we have achieved a signal-isenmtio
of 1x10° which corresponds to the minimal detectable atiEnroefficient of &10° cnr.

FT-spectrometer with LED sources was used for dugstration of HO, HD O, D,*%O, and H'®O
absorption spectra in the range of 9000 - 23000, cfatermined by the transition to highly excitedtss of the
molecules [2-4]. The frequencies and intensitiesvefik lines with intensity of 1#5-10%% cm/molecule are
confidently measured by the spectrometer. The testH.O-N. andH>0-H>0 broadening investigation recorded
by a high resolution Fourier-transform spectrom&&&-125M with LED sources in the region 15500 60®cm
1 are shown. Least-square-fitting algorithm WxspEswsed to retrieve of the spectroscopic paraméters
measured spectral data set [5]. Line-broadening lamedshifting coefficients derived from the fitgnwere
compared to calculated data.

The influence of water vapor on the reflection &oiit of multilayer mirrors was studied usingasgell

with multiple reflections from the mirrors. A strgiincrease of the reflection coefficient of thenmis (up to 0.9%)
was found when water vapor under a pressure oft28 mas injected into the cell, which was interpdeds a change
in the refraction index of the layers of multilay@ratings when water vapor penetrated into theysoowmating
structure[6]. It can produce both increasing asxtelasing reflection coefficient, which is detereadify the variation
of refraction indices (with water vapor filling) ¢iie materials applied to form a dielectric muji#a mirror. The
changes in the reflection coefficient of multilagélectric mirrors may lead to major errors in swwaments carried
out using highly sensitive spectroscopic methoudslinng high-quality resonators with a mirror reftn coefficient
higher than 0.999, such as CRDS and SEAS, espediaihg measurements of broadband absorption.
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Absorption spectrum of dideuterated water has lieesstigated between 10000 and 11400 cithe set of the
D0 transitions was recorded by IFS-125M interferamaetith a spectral resolution of 0.05 €nThe bright light
emitting diode (LED) EDEI-1LS3-R was used as aa#dn source [1, 2]. The spectrometer was couped t
multipass absorption cell of 60-cm base lendth.extensive listing of the D spectroscopic parameters was
obtained by fitting more than 470 observed linea tdoigt line profileconvolved by the instrumental function.
The line parameters were determined with using aspxsoftware package, which uses pattern recognitio
methods [3].

A rovibrational assignment was performed on theshafthe variational calculations [4, 5]. Spectiaks of the
D-0 molecule in the region of 10000 — 11400'care formed by the transitions to highly-excitetrational -
rotational states belonging mostly to the strongastational bands 301-000, 221-000 and 103-000w Ne
experimental information on the;O absorption in the 10600-10800 ¢€ispectral region, where 103-000 band is
located, was received for the first time. The asialpf the spectrum allowed us to derive a totahef151 new
observed energy levels belonging to (103),(301))2&brational statesThe centers of lines determined by
analyzing the spectrum agree well with the expentaledata of Ref. [6] and with the calculated daft&ef. [5].
The spectral information on the;D absorption in the range of the 10000-1140¢ can be used to refine the
existing data.
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Absorption line positions for the ethane isotopaoleg*C'?CHs and**C,Hs have been determined in in the 3.2 —
3.6 um spectral region from spectra recorded uaimg=TIR spectrometer (Newport MIR8025). Results are
presented for approximately 1% &fC-ethane (mixed with nitrogen 5.0) from spectraorded at 0.5 crh
resolution at room temperature and atmosphericspres For comparison an ethane spectrum with datura
isotopologue abundance was obtained under the samditions. Line positions and line intensities &er
calibrated using an ethane spectrum taken from Nbé&ecular Spectroscopy Facility, Rutherford Appleto
Laboratory [1] and photoacoustic measurements basedcontinuous-wave optical parametric oscill§2dr
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We present the results of accurate line strength measurements of several lines in carbon dioxide and methane in
the wavelength region around 1.65 um. Absorption spectra were recorded using cavity ring down spectroscopy
with an optical path length of 1.6 kilometers; this allowed measuring line strength values in the order of 10
cm/molecule. To obtain traceable values of the line strength specially prepared mixtures were used with well-
known mol e fractions of carbon dioxide and methane, aswell asacalibrated pressure meter. Spectrawere recorded
at room temperature in the pressure range between 10 and 100 mbar. The analysis of the measured absorption lines
was performed using Voigt and Galatry line profiles. The uncertainty budget (< 1 %) of the obtained line strength
valuesis discussed and comparison with corresponding data from the literature is presented.

This work was performed within the Researcher Excellence Grants associated with two European Metrology

Research Projects ENV06 EUMETRISPEC and ENV52 HIGHGAS aiming at improving the accuracy of
atmospheric monitoring based on spectroscopic methods.
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The TROPOspheric Monitoring Instrument (TROPOMIpaid the European Space Agency's Copernicus
Sentinel-5 Precursor satellite, to be launchedybés, mandates high-accuracy spectral referertegfalaCO and
H-0O in the 2.3um region [1]. We present measuremegbsorption line parameters fop® and for the 2-0
rovibrational band of CO to be used in TROPOMI adpiteric retrievals. The experiments were carridcbawa
Bruker IFS 125HR Fourier transform spectrometer amdultispectrum fitting software developed at DiWBs
used for parameter retrieval [2] using the Hartm&ran-Profile [3,4].

In the case of carbon monoxide, we report linensitiges, air-broadening and -shift parametersifad of the 2-
0 rovibrational band, which serve as a useful aiah of the HITRAN2012 spectral database [5] while
analysis of Dicke narrowing, speed dependence asékranz line mixing emphasizes the importance of
modern line shape functions. Comparisons with previstudies of these non-Voigt parameters (e.y sfgjw
good agreement.

As for H;O, spectral parameters were measured in the 418@8#0cm' spectral range. Comparisons of
measured line intensities of theband show remarkable agreement (<1.5% deviaticaverage) with ab initio
values [7,8] and we will present air-broadeningyrrawing and -shift parameters together with tkeinperature
dependences.
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In gas (non-sooting) flames and post flames UVtlatsorption in 180-300 nm is dominated by hot@ad
H-O. CGQ and HO are also ones from a long list of other molectitese are of interest for atmospheric chemistry
on Earth and other (exo)planets. The exoplanetssghere temperature can vary from 200 to 2200Ghenydare
frequently exposed to extremely strong UV radiatimm their parent stars. Available UV absorpticoss-
sections for most molecules are usually limite@abient or low temperature ranges. The 110-200 peotsal
range (often called as far UV) is extremely impottir atmospheric chemistry. It has for examplerbshown
in many publications that the absorption of the flxk increases substantially at wavelengths abd@ im
together with the temperature [1].

In opposite to IR absorption, the g@nd HO UV absorption cross-sections are broad-band meatiike
structures with weakly pronounced fine structuf@s.for example Log10-scale the cross sections likkekas a
straight line in a relatively broad spectra rangbe slope of the cross-sections (or its straighe Ifit) is
temperature-dependent and therefore can be usedaloulations of gas temperature. Moreover at high
temperatures the absorptions cross sections teagtémt to longer wavelengths. Because/BgD absorption
cross-sections are temperature-dependent and ttiesiretical calculations are very complicated ameérly
impossible with desired accuracy, the only way uddoa cross section database is to measure ceci®rss at
well-controlled conditions as for example can benidin a gas cell. We present new UV absorptiosssections
for CO,and HO up to 1500C in 110-300 nm spectral range. Thesoreanents have been performed on a high-
end three zones hot flow gas cell with temperatunigormity +0.5 C in the central zone, where UV afpion
measurements are performed. The results are cochpétte latest published data Versital (2013) [2] and the
results of Schulet al (2002) [3]. Advantages of UV spectroscopy in thel& range are discussed.
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Using the semi classical model of Robert and Bonamy with exact trgjectory [1], we have calculated the pressure
broadening coefficients of OCS-OCS and HCN-HCN systems for the two ro-vibrational bands vi and v
respectively. We have used the approximation of bi-resonance functions proposed by Starikov [2].

The dependence of broadening coefficients on quantum number up to J=60 was studied at various temperatures
ranging from 200 to 298 K. The calculated results were compared with previous experimental and theoretical
values of broadening coefficients.

The calculations show that the RBE formalism computed the self-broadening coefficients and their temperature
dependence exponent better than the semi classical formalism of Robert and Bonamy with parabolic trgjectory [3].
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Figure 1. Comparison between measured [4] and theoretical (present work RBE) self-broadening coefficients of
the v, band of HCN. (a) : experimental values at temperatures 267 K, 232 K and 212 K deduced from measured
values of yuen (296) given in the Ref. [4].
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The advances in electronics have made it possibEnable line-by-line calculations performed using computation power of portable
devices. We have developed a free, open-sourcecrarss-platform graphical interface enabled appiboacalled bytran targeting portable
electronics as well as desktop computers to perforenby-line calculations using the HITRAN datab4$] and based in part on selected HAPI
source code [2]. To the best of our knowledge theruser-friendly application for line-by-line calations deployed on portable electronics
exists at the time of this writing.

Currently there are a number of free and subscrigiased user-friendly online [3-6] line-by-line @alation systems as well as commercial
and shareware desktop programs [7-11] relying oFRAIN. These available applications usually have onmore of the following limitations:
(1) Closed source code, (2) Commercial distribut{8hLimited portability. In developing the bytrrogram we have attempted to address the
above limitations.

The bytran program was developed using the Qt/Camdmwork which enables write once compile everywhechitecture [12]. As such the
bytran source code may be compiled to operate umdéile (Android, iOS, Windows RT), desktop opargtsystems (Linux, Mac, Windows)
as well as a number of embedded Linux-based dew&lnpboards including the Raspberry Pi [13]. Thmotlge initial software implementation
can be compiled to run on desktop computers, iesface was designed to target mobile platforms.séch the mobile specific interface should
be modified to look better under desktop environnfenbetter user-experience.

The developed application relies on the HITRAN dasgbdownloaded from hitran.org or a complete HITRAtabase file manually placed
on the mobile device. The initial version is liedtto the horizontal path calculation mode with glet path to be developed. Bytran offers a
number standard features commonly offered by biydine modeling programs, including the usage oig¥, Lorentz or Doppler lineshape
profiles, instrument functions (ported from HAPBuilt-in atmospheric models, sharing the resultghe calculations, pinch zoom and several
others [2, 14]. Current functionality and perforoa limitations compared to existing systems ineltide lack of continuum and aerosol
calculations, as well as unavailability of advantiedshape models.

Bytran may become particularly useful for in-theldi scientific evaluations as well as to universityd high-school students and has the
potential of further expanding the usage of the RIAN database. Future improvements will likelylime the usage of a range of satellite
datasets available from NASA and other agenciebétter models. The application is currently als# in Beta under Android, Windows,
Ubuntu Linux and OS X with iOS and Windows RT rek=ato follow soon. After the testing phase forpdditforms is over the source code will
be made available under the terms of the MIT liegmarmitting commercial and/or open-source reldere information about the current state
of the project is available atww.bytran.org[15].
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Databases of considerable current use [1, 2] are intended to provide atmospheric scientists with parameters of
spectral lines characterized by alimited number of shapes, while analyses of line shapes available in the scientific
literature on the subject employ more than 20 line contours. The problems associated with the systematization of
spectral line parameters are discussed, using information system W@DI S as an example. Among the functions of
W@DIS are the systematization of the measured spectral line parameters for different types of line shapes and
provision of access to this information for researchers and programmable agents along with the representation of
data about energy levels, wavenumbers, Einstein coefficients, etc. The carbon dioxide moleculeisagood example
for testing the systematization at issue. The W@DI S digital library includes 820 publications relevant to the carbon
dioxide molecule. A quarter of them contains the parameters of 12 spectral line shapes for 11 CO; isotopol ogues.
There are 189 articles incorporating the results obtained from measurements of the spectral line parameters, with
330 data sources being associated with them. Each of the data sourcesin itsturn contains the values of the spectral
line parameters measured under the same thermodynamic conditions by one method for one isotopologue, one
broadening substance and published in the same information resource. There can be several primary sources in
one publication. The data sources and spectral line parameters contained therein are the subject of the
systematization developed in this work.

The basic approach to the classification of spectral line shapesinvolves consistent consideration of the physical
mechanisms affecting the formation of line contours. The classification of the line shapes and notation to be used
for each of the contours are proposed. Based on the notation set forth here, database tables accumulating solutions
to the problems of describing and measuring the spectral line parameters for the CO, molecule are presented. The
systematization results are avalable to researchers in information system W@DIS at
(http://wadis.saga.iao.ru//co2/lineprof/comp/) and are described in detal in an OWL-ontology at
(http://wadis.saga.iao.ru/co2/ontology/).
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Vacuum wavenumbers of certain isotopologues ofwhéer molecule available in recent versions of the
HITRAN and GEISA databases [1,2] are examined.dsés for the analysis is the publishing critefemulated
in [3,4]. Consistency of the data for the water @sole across multiple sources collected in infoiomasystem
W@DIS is reviewed. Lists of spectiales which fail to meet the publishing criterioreaiven.

In addition to checking the content of the HITRANdaGEISA expert data according to formal critevie,
have performed a detailed comparison of the datasigt each other, as well as with the refereneztspm and
high-accuracy variational calculation. The conteithe H'°0 data was found to exhibit an essential difference
in their amount, origin, and quality ever seerhi@ historical development of the HITRAN and GEIS#tabases.

In particular, the inconsistency of the centerindfvidual ro-vibrational transitions was revealéde difference
in the wave numbers wéar beyond the accuracy range declared in HITRAN.

About 21500 lines from HITRAN and 10000 lines fr@3kEISA fall outside of the set both of the databases
have in common. The intensity ratio of the traonsisi is assumed to vary between 0.3 and 3 evereinabe of
relatively strong line intensities of (1.0-10.0)&@m/mol. Probable causes for the inconsistencheHITRAN
and GEISA databases are discussed.
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Non-Voigt line-shape effects, such as Dicke narngnand speed-dependent effects, have to be coeditter
reliably represent the shapes of optical resonaince®lecular spectra databases. We demonstrateheiine-
shape parameters for the case of self-perturbeéaulalr hydrogen, for which the non-Voigt effects aspecially
pronounced, can be determined. This work was usedtast case [1] for introducing Hartmann-Trarfife§2]
parametrization into the HITRAN database [3] takintyantage of its new relational structure andiate [4, 5].

We performed a detailed analysis of the shapdseofdcent high-quality Hspectra recorded with cavity ring-
down spectrometers [6, 7] and optical feedbacktgamnhanced absorption spectrometer [8]. We shaived
possible solutions to the problems of strong nucadgorrelations between the parameters and theipérature
dependences. Previously used line-shape modelsshwigiproduce the Hspectra better than the simple
phenomenological profiles, appear to be computatignnefficient. We therefore developed, a newhtdque
allowing the Hartmann-Tran profile [2] to be adaptier the H spectra analysis. The results could therefore
directly be introduced into the HITRAN databaseohder to increase reliability of spectra repreatoh over
wide thermodynamic conditions, we introduced famperature ranges over which all the line-shapameters
are stored separately. Finally we demonstrate skeofithe new relational structure of the HITRANat@se [4,

5] and the HITRAN Application Programming Interfa@eAPI) [9] for the case of kHspectra.
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Recent progress in theoretical calculations of ok states energies for,FHHD and D [1-2] gives
predictions of the transition frequencies with ut@iaty exceeding the level of 2@nt! for the first overtone
band (2-0) [3]. Such predictions open a way fdiriggelativistic and quantum electrodynamics cations. They
give also the opportunity for searching for new giby like additional long-range hadron-hadron etéons [4].

At this level of accuracy the uncertainty of the(BIr its isotopologues) line position determinatinrthe Doppler
limit becomes considerably affected by the linepghaffects [5] including its asymmetry. Spectraklshapes of
D; transitions are atypical and difficult to descrilbérst strategy for overcoming this problem is swing the
spectra at low pressures, where collisional effadaegligible [3]. However, it is experimentatlyallenging due

to exceptionally low intensities of the quadruptiansitions. Another approach is recording thenhigher
pressures and handling the collisional influencehenspectral line shapes in a more sophisticated tere, as
an example of the second strategy, we presentreliminary results for very weak S(2) transitiondguterium

in the 2-0 band, usingb initio calculations. Transition has been measured withfriquency-stabilized cavity
ring-down spectroscopy (FS-CRDS) assisted by aicagdtequency comb [6,7], using experimental setup
described in Ref. [8]. The line positions at highgsures, up to 1000 Torr, were measured with sHiz-&tcuracy.

Furthermore, to validateb initio model, we extended our experiments to a wide rafigemperatures.
We compare it witlab initio quantum scattering calculations, where we obtargeneralized spectroscopic cross
sections. The real and imaginary parts providestfeeed-dependent collisional broadeniig and shiftings(v).
The velocity-changing collisions, in turn, are désed by hard-sphere approximation of #ie initio potential.
The line shape originating from this approach itedathe speed-dependent billiard-ball profile (SE/ [9].

References

[1] K. Pachuckiet al, Phys. Chem. Chem. Phyl®, 9188 (2010)
[2] K. Pachuckiet al, J. Chem. Phy443, 034111 (2015)

[3] D. Mondelainet al, J. Mol. Spectrosadn press (2016)

[4] E. Salumbidegt al, J. Mol. Spectros@00, 65 (2014)

[5] P. Wcistoet al, Phys. Rev. 23, 022501 (2016)

[6] J. Domystawskat al, J. Chem. Phy4.36, 024201 (2012)
[7] D. Longet al, Chem. Phys. Letg36, 1 (2012)

[8] A. Cyganet al, Meas. Sci. Techno?7, 045501 (2016)

[9] P. Wecistoet al Phys. Rev. A1, 052505 (2015)

46



P1-25

Issues in deriving the near-infrared water vapour continuum from sun-pointing
spectrometer measurements

Jonathan Elseyl Marc Coleman’ Tom Gardiner’ and Keith Shine

1. Department of Meteorology, University of Reading, Reading RG6 6BB, United Kingdom
2.National Physical Laboratory, Hampton Road, Teddington, Middlesex TW11 OLW, United Kingdom
* k.p.shine@reading.ac.uk

Measurements of the water vapour continuum in tharimfrared windows are scarce, particularly in
atmospheric conditions [1]. We report an analysisalibrated ground-based sun-pointing Fourier $farm
Spectrometer measurements [2], focusing on theireanh in the 1.6 and 2.1 um windows. Uncertainties
performing such an analysis include instrumentakdid and the need for detailed characterisatiorthef
atmospheric state. A less-widely recognised difficin the direct use of such observations, is utatety in the
extra-terrestrial solar spectrum at these wavelengecent analyses, using both ground-based agltitesbased
techniques, differ by around 7% [3, 4]. The grolmraded measurements are used to examine the pliysibi
these alternative solar spectra, for a range afmagsons about the error in the assumed atmospbpaicity, and
by comparing with Langley analyses of solar spestusing the same measurements [5]; the most plausib
spectra are then used to derive estimates of theitg@mnd the contribution of the water vapour gwnim.
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The most recent High-Resolution Transmittance database, HITRAN2012 [1], provides an additional 178,012
methane line parameters compared to HITRAN2008, extends the spectral information from 9200 cm-1 out to the
near-infrared at 11500 cm-1, and adjusts over 70% of the line parameters [2]. Furnished with these new updates
to methane

to methane lines, we have revisited the methane radiative forcing calculations from the Radiative Transfer Model
Intercomparison Project (RTMIP) [3]. Here, radiative the forcing is determined by differencing radiative fluxes
associated with terrestrial atmospheric methane mixing ratios set to annually-averaged pre-industrial and present-
day values, respectively. We find little variation in radiative forcing associated with the updates since
HITRAN2000 [4] and even show that estimates of radiative forcing informed by observations from methane-rich
Jovian planetary atmospheres [5] deviate from previous RTMIP results by less than 1%. These findings suggest
that line parameters in HITRAN are not contributing to biased radiative forcing calculations from methane.
Retrospective terrestrial methane radiative forcing at the top of the model atmosphere, model tropopause, and
surface will be presented.
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Remote sensing of planetary atmospheres with Highdance of carbon dioxide and acetylene tracgsires,
among others, a precise knowledge of spectrosdiopishape parameters for theHz-CO, system. Not only the
positions and intensities of the lines, but alsirtpressure-broadening and pressure-shift coeffisiwith their
temperature dependences should be well known. Merebecause of line overlapping appearing at lggé
pressures, the line-mixing effects should be actmlifor.

The present study continues a series of our wdrk8][on foreign-gas perturbed acetylene absorptidhe
vi1+ vz band, which is a strong combination band ofterd&sea near-infrared frequency calibration standasd
previously, a 3-channel tuneable diode-laser spawter has been used to record spectra at diffeneteratures
(216—-333 K) and pressures up to 750 Torr. Eaclofsgpectra corresponding to the same temperatigdéean
further analyzed by a non-linear least-squareprficedure to retrieve the G®roadened &, line widths and
shifts for theR- andP-branch transitions. The traditional VVoigt profilas been employed to model the joint effect
of thermal molecular motion and molecular collisoon the observed line shape. Finally, the temperat
dependence exponents and linear temperature-dependeefficients have been extracted for the lirtkthg and
line shifts, respectively.

Pressure-broadening and -shift coefficients havenlkaso evaluated theoretically, with the use stmi-
empirical method [4], developed initially for stiglg polar active molecules but, in practice, corigahalso for
polyatomic colliders with intermediate interactistrength. First, the semi-empirical model parametas
adjusted on some room-temperati®dranch line-width measurements and used to caédle broadening
coefficients for 236, 256 and 276 K. Then, the terafure exponents were extracted via a four-panaat-
regression analysis of broadening coefficients,thadine widths restored for 216, 316 and 333 Kemalidated
by comparison with our measurements (differencebimi0.5% for all lines and all temperatures). Thedel
parameter was further kept fixed for line-shift axdhtions and required for them but unknown uppetes
polarizability was obtained from fits to some exp@mtally observed line shifts. Both line-broadenand line-
shift sets computed semi-empirically compare vamptirably with our experimental values and datalavie in
the literature [5].
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In this presentation we report on direct measurésngmd theoretical calculations for He-broadenegthtz half-
width, pressure-shift, and line mixing coefficieafgl5 carbon monoxide transitions in the @ band. The spectra
analyzed in this study were recorded over a rafdgengperatures between 296 and 80 K. The He-breatikme
parameters and their temperature dependences egieved using a multispectrum nonlinear least szgia

program. A previous analysis of these spéutrad only the Voigt line shape. The line shape itsaged-in here
include Voigt, speed dependent Voigt, Rautian @cetinto account confinement narrowing) and Rautvéh
speed dependence. We were unable to retrieve rifgetature dependence of line mixing coefficientse Tine
mixing coefficients were also derived from the Empntial Power Gap law and the energy corrected esudd
approximation. The current measurements and thieare¢sults are compared with other publishedlteswhere
appropriate.
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In this study we have re-analyzed high-resolutipectra of pure oxygen recorded in the spectralearidhe A-
band! Two sets of self-broadened parameters have betievesl corresponding to two self-calibrations
performed with respect to the line positions puigis by (1) Long et af, and (2)Drouin et al.3. We compared
our line parameters with published results and the entries in HITRAN* database. The data analysis was
performed using updated versions of the multispectrum fit software presented in Ref. [5]. The updated
analysis software included an algorithm for fast calculation of Voigt profiles®, implementation of line
mixing”-® and line narrowing®?® effects.

The narrowing parameters were determined using a calculated diffusion constant for the oxygen
molecule. Oz was modelled by means a single united atom force field [1]. Intermolecular interactions
were described by only considering van der Waals interactions modelled from Lennard-Jones (LJs)
potential. Molecular dynamics simulations were carried out using the DLPOLY software [11].

We have used both the calculated narrowing parameters and the experimental ones from Ref. [2], to fit
our data using the Rautian and speed-dependent Rautian profile. Besides, we have fitted our spectra
using the Voigt and speed-dependent Voigt profiles. We have taken into account the line mixing effects
and compared our results with those published in Refs. [1,3]. For spectra recorded above one
atmosphere, we have estimated the collision induced absorption in two ways: (1) using a pseudo-linelist
based on fits to the curves in Figure 7 of Ref] @2 (2) from our high pressure spectra after eeaaved the
contributions from line profiles including the limsymmetries induced by the line mixing.
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The results of a study concerning the covalent aricy of luminescent lanthanide complexes ontaaili
surfaces will be described. The aim of this wortoidesign new sensors for gases based on thefotgrinciple:
an alteration of the optical signal should occuewhhe analyte is in contact with the modified daubstrate.
Lanthanide complexes were designed in order to skawativity towards the silica layer that covers surface of
the silicon [1,2,3]. The following figure shows arample of the results obtained with a terbium@tdmplex:
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The preparation of the surfaces, the synthesikefigands and lanthanide complexes, their anchairo
the surfaces and the first results of the optitadysin the presence of NOx gases will be discussed
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Laser spectrometers based on tunable diode las®risie good results for gas sensing in terms o$ibdity
and selectivity thanks to the characteristics ebthsources. Indeed, they commonly deliver poween ft mW to
#100 mW without the need for cryogenic cooling. tBimited feedback (DFB) configuration provides parr
linewidth that enhances selectivity. Finally, thevdlopment of quantum cascade lasers enables ¢b tha
fundamental absorption bands of molecules in thé-infrared region. The main limitation of these sm®ms is
their low tuning range (~ 10 cththat prevents from monitoring complex specieshitoad absorption spectra
in the infrared region or realizing multi-gas sewsi

To obtain a broader tuning range, one solutiom isriplement a semiconductor laser in an externatya
system. A commercial external-cavity quantum casdader emitting at 10.om has been used to demonstrate
photoacoustic gas sensing of heavy molecules suitiutmne [1]. Developments of a lab-made exteranaky -
quantum cascade laser emitting at 7.5 um and ibcagion to detection of acetone and P@i@lgas phase has
been demonstrated [2]. The lab-made system ismtlyrased to develop intra-cavity systems for gatedtion.
Recent results will be presented.

Another solution to obtain a wide tuning rangehe mid-infrared is to use commercial quantum cascad
laser arrays that permit to develop broadly tunahig-infrared sources without active mechanicaltesys[3].
One of these sources is currently under study idadu Last results will be presented.
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Heterodyne sensing consists in mixing an unknovgmadi with the signal from a local oscillator. This
superimposition creates a beat note in the RF rafige analysis of this phenomenon enables to déterthe
spectrum of the unknown source. This type of setay be developed for atmospheric gas remote sefiinin
this work, the local oscillator is a quantum casctaber (QCL). Its characteristics directly imptet sensitivity
of the sensor. Some tests were realized to deterthan QCL characteristics that directly impactdpectrometer
specifications. First, the impact of the power dypgm the QCL intensity noise was assessed by cangp# to
CQ; laser shot noise. In a second time, the oscill@ewidth is measured from beat note stabilitywsstn QCL
and CQ laser. In this case, the power supply stabilitggain decisive. Indeed, the driver current nasegases
the QCL frequency noise and then so broadenssvidth [2].

During this work, a solar tracker was entirely deped and constructed in order to be adapted to the
heterodyne spectrometer and develop atmospherisurezaents. Details of the characteristics of tis¢riment
will be presented. Finally, we will show the variolieterodyne spectrometers developed:

- Thefirst one is based on lenses;

- The second one is based on off-axis parabolic nsirro

- The third one is based on mid-infrared optical fibe

First results will be presented.
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The Groupe de Spectrométrie Moléculaire et Atmosghé (GSMA, Reims, France) has developed a lot of
various laser spectrometers using direct-absorgtieterodyne, or photoacoustic spectroscopy fostihdy of the
atmospheres [1]. These spectrometers use difféypat of infrared lasers such as telecom-type imdcared
diode lasers, multi-quantum wells diode lasersqurahtum cascade lasers. Based on this technolodgvedoped
the same type of instrument for enological appiicet. The work consisted in the conception andtitenization
of a laser detection system for the measurementSMf above sparkling liquids such as champagne. The
progressive desorption of dissolved £ champagne is responsible for bubble formatMareover, CQ may
also escape by diffusion at the air-champagnefader A first step in the understanding of the @l€0, was to
precisely measure its concentration above champglgsses, under standard tasting conditions [2,3].

We will present the improvements of the instrunedpted to oenological measurements. Details atikn
of CO, desorption are not well known and interactionsMeetn CQ and aromatic molecules during tasting have
never been studied. To address this purpose antptove the previous set-up [2], many optimizatibase been
realized. First the original 2,68 pum diode lasendw coupled to an optical fiber. It helps to pretvérom
atmospheric C®interferences when measuring the carbon dioxidering from champagne. The second main
improvement was to adapt a second laser emittiogral 2 um to realize measurements with large cdratéms
of CO,. At this wavelength the absorption coefficientoger and permit to obtain non-saturated measurésnen
Finally, the whole set-up is driven by a LabViewp@gram in order to automatically obtain the &0ncentration
with time.
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Photoacoustic (PA) spectroscopy is a well-estabtighchnique and numerous gas sensors designbéwve
imagined and implemented. The mass deployment of@Asensors is often hampered by the systemsalbver
size and weight but the technique also possesgearible detection characteristics when the sysliemensions
are scaled to a micro-system design. In the framlewafthe ANR project MIRIADE, the favourable dovaading
behaviour of PA cells is explored by the miniatatian of PA sensors [1]. Before achievement of this
microscopic-size cell goal, GSMA has developed cachpversions of Differential Helmholtz Resonator
previously used [2].

In order to optimize the miniaturized PA sensog arust be able to accurately predict the frequessgonse
which can be obtained analytically only for simptdl geometries. For more complex cells, electrialagy can
also be used to investigate the cell response ibité felement method (FEM) presents the ease ofofise
computational calculation and has already demaestrats capabilities for the simulation of PA cell
characteristics. In a previous work we have alresdwyvn that the resolution of the equations of uressacoustics
using FEM software allows the accurate determimatibthe frequency response (resonant frequenclitgqu
factor and peak amplitude at resonance) of a mespas Helmholtz resonant PA cell [3-5] thus to ditatively
predict the gas detection limits for gas deteckinowing the laser used and gas absorption chaistatsr

This paper will present a comparative study betwegrerimental characterizations and FEM simulations
using Comsol Multiphysics ® that has been carriedveo PA cells decreasing in size. This study slibw that,
as expected, the equations of pressure acousticeanccurate enough for small resonant cellsoferaomplex
description based on thermoacoustics must be T$ed Thermoacoustics” module of Comsol Multiphys®s
especially designed for small elements is usedsandlations show a satisfactory agreement with expantal
data for compact cells. The influence of severahpeters such as mesh quality will be demonstrated.
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Climate change is one of the greatest challengeseptly facing mankind, and methane is one of thetm
powerful anthropogenic greenhouse gases. For arhgttlerstanding of future climate trends, it isassary to
apply precise space-based measurements in oraétdam a global view on the complex processesdbatrol
atmospheric methane concentration. In this cont@atellite dedicated to the measurements of gineoic
methane is under joint development by the French@erman space research centers (CNES and DLR)sdGFhe
called MERLIN mission (MEthane Remote Lidar missjoRD19) aims at providing global information on
atmospheric methane concentration (methane colwnsity) with a relative uncertainty less than 2% aith a
spatial resolution of 50 km along the measurenracktunder cloudy and variable-solar illuminati@nditions.
The main data product will be the column-weightegtair mixing ratio of CH. MERLIN is based on Differential
Absorption LIDAR (DIAL) measurements. The DIAL imstment for MERLIN works around 1.64m for the
methane measuremehgn lies in the R(6) multicomponent absorption at 6@#. In order to reach the needed
precision and accuracy, one must have an excélfewledge of the spectroscopic parameters of tlhsermro-
vibrational transition: strength of the line, breathg and shift coefficients and their variationghwemperature

[1].

In this work, we will present the tunable diodeelaspectrometer specially developed for high-resmiu
measurements of spectroscopic methane parametsiisysly tested on C2-3]. We will also present results
on the modeling of methane lines in the 1,84 region and the associated spectroscopic parasrteddng into
account refined collisional effects [4,5]. Thessules are obtained by simultaneously fitting thedelgarameters
to high-resolution tunable diode laser spectra.gtoe methane, the study concerns the intensitysanements
of the 6 lines of the R(6) multi-component. Thessasurements are completed by self-broadening dfslsi
coefficients. For methane-air mixtures, the studyoerns the air-broadening and air-shift coeffitgehese
experiments are done in a first step at ambienp#ézature and then at various lower temperaturesdar to
reproduce the atmospheric conditions and to olitencoefficients of variation of air-broadening aaid-shift
values with temperature.
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The monomer and dimer structures of the title mdkedave been obtained from density functional theo
(DFT) B3LYP method with 6-31G (d,p) as basis sétulations. The optimized geometrical parametetsiokd
by B3LYP/6-31G (d,p) method show good agreemert wiperimental X-ray data. The polarizability amgtf
order hyperpolarizabilty of the title molecule werelculated and interpreted. The intermoleculaHN-O
hydrogen bonds are discussed in dimer structurth@fmolecule. The vibrational wave numbers andrthei
assignments were examined theoretically using thes&ian 03 set of quantum chemistry codes. Theligbeel
frontier molecular orbital energies at B3LYR®BG(d,p) method set show that charge transfeurs within
the molecule. The frontier molecular orbital cddtions clearly show the inverse relationship of MO-LUMO
gap with the total static hyperpolarizability. Theesults also show that N-(3-Methylphenyl)-2-
nitrobenzenesulfonamide [1] molecule may have meali optical (NLO) comportment with non-zero val{@8s
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The high sensitivity CRDS spectrum of the NO, molecule isrecorded for the first time between 6100 and 6200
cmt. The spectrum is formed by rotational - vibrational transitions belonging to the 311-000 band and the very
weak 023-000 band at 6155.85 and 6183.92 cm?, respectively. In total, about 1700 rotational-vibrational
transitions were assigned. Upper energy levels with rotational quantum numbers J and K, as high as 42 and 8, and
30 and 2 were derived for the 311 and 023 vibrational states, respectively. Experimental line positions were
modeled within an rms deviation of 0.0033 cm* using the effective Hamiltonian approach which takes explicitly
into account the spin rotational interaction. Interpolyad resonance coupling between the 311 and 023 states as well
as interaction involving the 311 state and two dark states - 330 and 042 - were taken into account. The main
parameters in the transition moment series were determined for the 311 and 023 states from a fitting of
experimental intensities and the detailed synthetic spectrum was generated in the considered spectral region.
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Completing our previous work between 1470 and 1&h(Q1], the infrared spectrum 8NH3 have been recorded
between 1510 and 1570 nm (6367-6622'cmt different temperatures from 150K to 296K aliogvto derive
information on the lower state energy of each ftemms Compared to previous work [2], 520 new tiinas have
been detected in this energy range. Taking advardathe resolution of laser spectroscopy, sonergits have
been performed to assign new bands with the helpotti GSCD (Ground State Combination Difference)
technique [3] and variational calculations [4].
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This study is a continuation of experimental e€arh the absorption water vapor spectrum analysfsi near
infrared. The previous studies [1-3] were focusedwater vapor in natural isotopic abundance. Nowane
focusing on thé®O water isotopologues. New spectra of water sangaeished by®O were recorded between
6400 and 9400 crmhin Reims with the Connes-type Fourier Transfornrec@@mmeter. The spectra were recorded
at room temperature with an,¥#0 abundance enrichment of about 95% and a non agbdésolution of 0.010
cntt. The pressure is varying from 2 to 13 torr andahsorption path length is from 67 cm to 200 m.

Preliminary results of the spectra analysis bel®@®Bcm' will be presented. About 8000 absorption lines
were found in the recorded spectra with an absamgtath length from 8 to 88 m. Overall, 7845 linese assigned
to 8466 transitions of six water isotopologues'ft@, H,'’O, H,*%0, HD'*®O, HDY’O, and HB3%O). One hundred
forty-seven lines with intensities between 5*¥1and 8x1&° cm/molecule were left unassigned. More than 870
lines of the H®O, H,'’O and HB®O were observed for the first time. An overviewtlod H%0 results is shown
on Figure 1 as well as a comparison with previdusiss [4-11]. More than 80 rotation-vibration egies of
H2*®0 and H''O were obtained for the first time.

The line intensity comparison with literature daiidl be discussed.
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Figure 1: Left panel Overview of observed £fO transitions between 6425 and 8010'ciRight panel firstly observed
transitions (red squares) and not observed transiin this study which were reported in Refs. [4{blive triangles)
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Both Venus’ and Mars’ atmosphere are composed &3 of CQ. Considering the resolution of the remote
instruments nowadays, the line parameters usedrform the retrievals of the spectra should becasrate as
possible. SOIR [1] and NOMAD [2] are spectromete¥spectively onboard Venus Express (2008-2014) and
ExoMars Trace Gas Orbiter (2016-). These instrumpatform solar occultation measurements in theetion
(2.2 — 4.3 pm) with a resolution of 0.15 énThe wavelength range probed by SOIR and NOMADva| a
detailed chemical inventory of the Venus’ and Mashosphere at the terminators in the upper mesosnd
lower thermosphere (70 to 170 km) with an emphasisertical distribution of the gases (@O, HO, HCI,
HF...).

An initiative led by the GSMA aims to measure lpgrameters of 0 broadened by COn the laboratory
using their expertise in the field. They alreadyfpened these types of measures twenty years dgd g new
study is motivated by the improvement of their Fewiransform spectrometer and also the softwaeel ug
retrieve the line parameters.

New spectra have been recorded using the “home-hrddgpectrometer based in Reims. The line parammete
will be retrieved using a multi-spectrum fittingfseare. The usual Voigt profile and the speed depeah Voigt
model (see [4] and references therein), taking aetmount the speed dependences of the line widtlsaift, will
be used to fit the measured spectra. Then thesksesll be confronted to the calculated valuefRdR. Gamache

[5].

This study is performed with the aim of improvimgtspectral parameters used by planetary atmosts)en
particular the Mars’ and Venus’ communities. Therefspectra from the SOIR instrument will be ussdest-
case, in order to be ready to analyse the NOMALZtspeas soon as the Science Phase will startpireiber
2017.

In this communication, we will present the statfishe project. The first spectra obtained in Reimils be
presented and the current study on the recordetdrap&xamples of water retrievals obtained usheg$OIR
instrument will be shown as well. This completgdstshould improve the linelists made availabléhtoplanetary
community, or at least provide important informatin line parameters

We would like to acknowledge the support of the RRRgramme National de Planétologie) funded byUNS
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Ground-based Fourier-transform infrared (FTIR) salasorption spectroscopy is a powerful remoteisgns
technique providing information on the concentnatamd vertical distribution of various trace gasdss study
reports measurements of two atmospheric componeatson monoxide (CO) and ozones@ade by OASIS
for “Observations of the Atmosphere by Solar absonpinfrared Spectroscopy, an urban ground-base® F
station over Paris suburbs. Even with mid-resolut{6.06 crit) the information provided by OASIS ozone
retrievals is clearly relevant to monitor both togpheric (columns integrated from the surface up ko) and
stratospheric ozone amounts [1] and the instruiisealso suited for monitoring total columns of CZ). [Usually
used for long-term time series of CO angh@rtical columns, temporal variabilities of totallumns of CO from
OASIS are investigated during two winter pollutievents in March 2014 and March 2016 when local sions
of aerosol particles were particularly strong imi®area. The interrelation of tropospheric ozookimns from
OASIS and surface ozone is also investigated,qaatily in early July 2015 and comparison was maite data
from the chemistry-transport code CHIMERE for 1bee pollution events from 2009 to 2015.

Références

[1] C. Viatteet al, Atmospheric Measurement Techniqgde23232331 (2011)
[2] P. Chelinet al, Hdb Env Chem, DOI 10.1007/698_2014_270, Springatag Berlin Heidelberd19 104 (2014)

63



P1-42

HITRANonline: a new structure and interface for HITRAN line lists and cross
sections

2,* 2 2 2,3 2

1, s
Christian Hill , Laurence S. Rothman , louli E. Gordon , Roman V. Kochanov , Yan Tan,
2,4 2,5

Piotr Wcisto ,and Jonas S. Wilzewski

1. University College London, Gower Street, London WGBT, UK

2.Harvard-Smithsonian Center for Astrophysics, Atoamid Molecular Physics Division, 60 Garden St, Cedge MA 02138, USA

3.Tomsk State University, Laboratory of Quantum Medatgof Molecules and Radiative Processes, 36 L&nanue, 634050 Tomsk,
RUSSIA

4.Nicolaus Copernicus University, Institute of PhgsiEaculty of Physics, Astronomy and Informatiosjdaiadzka 5, 87-100 Torun,
POLAND

5.Ludwig-Maximilians-Universitat Miinchen, FacultyRifiysics, Schellingstr. 4, 80799 Munich, and Germarospace Center (DLR),
Oberpfaffenhofen, 82234 WeRling, GERMANY

* christian.hill@ucl.ac.uk

We describe HITRANnNling an online interface to the internationally-recagd HITRAN molecular
spectroscopic database[1], and outline the strecifiits relational database backend[2].

As the amount and complexity of spectroscopic datanolecules used in atmospheric modelling hasasad,
the existing 160-character, text-based format lea®ime inadequate for its description. For exanijple shapes
such as the Hartmann-Tran (HT) profile[3] requitdemast six parameters for their full descripti@ag¢h with
uncertainties and references). Data is also availa line-broadening by perturbers other than’“aid “self”
and more than the current maximum of 10 isotopasgqf some molecules (for example, £Ean be important
for accurate radiative-transfer modelling. The melational database structure overcomes all oftligstations.
Indeed, parameters describing line broadening hifis slue to the perturbers,Hle and C@have recently been
introduced into the database[4] as well as HT pgfarameters for Habsorption[5].

To take full advantage of this new database stractthe online interface HITRADhling available at
<www.hitran.org, provides a user-friendly way to make querieslBfRAN data with the option of returning it
in a customizable format with user-defined fielasl mumber of significant figures. Binary outputrfats such
as HDF-5 are also supported. In addition to tha,dedch query also produces its own bibliographyH(T ML
and BibTeX formats), “README” documentation anddrdctive graph for easy visualization.

This work has been supported by NASA Aura SciereanT Grant NNX14AI55G and NASA Planetary Atmosph&@emnt NNX13AI59G.
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Modified Complex Robert-Bonamy (MCRB) calculations of H2O transitions
broadened by H> for applications to planetary and exoplanet atmospheres
atmospheres

Robert R. Gamache! and Candice L. Renaud?
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Line shape parameters for hydrogen broadening derweapor are needed to understand remote sensing
measurements of planetary and exoplanet atmosphémnesrder to address these needs, semiclassieakhape
calculations based on the Modified Complex Robemdny (MCRB) formalism [1,2] were made. The
intermolecular potential for the calculation is qmised of electrostatic, atom-atom (expanded t@woad and rank
4), induction, and London dispersion terms. Tlegetitories were determined by numerical integratbrthe
Hamilton’s equations. The average over the MaxvBaltzmann distribution of velocities was performby
integration over 35 velocities corresponding to thmperature range 75K — 27000K. The formalisrnamplex
valued yielding the half-width and line shift fraarsingle calculation. The calculations are rebatte7 temperatures
from 200 to 700 K. The half-width temperature degence coefficienh was determined using the relation

y(T)= y(TO)[TO/T] "with To=296K. It will be shown that ¥D-H, is a very off-resonance collision system, which

leads to the atom-atom potential having a dominalet Adjustments to the atom-atom parameters weade to
improve the agreement with and structure of thesmesments. The calculations are compared withta@bdae of
measured bD-H; line shape parameters. The rotational, vibratjared temperature structure are discussed.
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The use of pair identity and smooth variation rules to check asymmetric rotor
molecules on the HITRAN database

Robert R. Gamache! and Kara N. Cleghorn?
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The concept of families of transitions wasintroduced by Brown and Plymate[1] to study the structure of variations
in collision-broadened haf-widths. Severa other studies [2, 3] have used the families of transitions and partner
transitionsideato analyze line shape parameters. In 2011, Maet al. [4] developed theoretically what they termed pair
identity and smooth variation rules. These rules were developed for a-type transitions of water vapor and are
applicable under certain constraints to the line position, intensity, half-width, line shift, and temperature dependence
of the half-width. Herethe pair identity and smooth variation rules are extended to consider other types of transitions.
These rules are applied to water vapor transitions on the 2012 HITRAN database [5]. The rules are then tested on
other asymmetric rotor molecules on HITRAN.
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Measurements of H20 broadening and shifting coefficients of CO2, CH4 and Oz
lines

*

T. Delahayel, X. Landsheerel, E. Panguil, F. Huetl, J.-M. Hartmannl, and H. Tran™
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Atmospheric observation is mainly based on thergaldiation transmitted by the atmosphere or ortlileemal
radiation emitted by the Earth surface and by theoaphere. The analysis of the measured data, ynibstie
through the so-called "inversion" procedures, rexpithe knowledge of the intrinsic spectroscoprapeters of
absorption lines (positions, intensities...). Théisions between the molecules also have to beidered as their
effects yield a modification of the line shape fmost of the atmospheric physical conditions (pressu
temperature). Since the amount of water vapor matmosphere can be significant at low altitudecs@l line
broadening by collisions with water vapor must &lkeet into account in order to meet the objectivpretision

of current satellite missions. In this study,CHbroadening and shifting coefficients of many éiref methane,
carbon dioxide and oxygen in the mid- and neariefd region were measured. For that, spectra af C& and

O, diluted in water vapor were recorded with a higisalution Fourier Transform spectrometer for vasiou
pressures and at 50 and 95°C. Line broadeninglfithg were retrieved from the measured spectraugh fits
using Voigt profiles. Values at room temperaturel aimeir temperature dependences were then deduwkd a
compared with those of dry air. The results shoat tHO-broadenings of methane lines are, on average, 34%
larger than those for dry air [1]. For @@ur result are about 4% lower than the valuesmeaended in a previous
study but they confirm the relative variations loé fine broadening on the rotational quantum nusibafe also
provide the first determination of.B-induced line shifts of COlines [2]. Finally, for @ our measurements
confirms that HO-broadenings of oxygen lines are, on average, [Bd§ér than those for dry air [3,4].
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HITRAN Application Programming Interface (HAPI): extending HITRAN
capabilities
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We present the HITRAN Application Programming Ifaee (HAPI) [1], a free Python library incorporaim
flexible set of tools to work with the most up-tatd spectroscopic data provided by the new infdonatystem
HITRANonline(www.hitran.org) [2,3]. HAPI provides the user witie following features:

» Access to the spectroscopic parameters which améncously being added to HITRAMIine. These
include, for instance, non-Voigt line profile pareters [4], foreign broadenings and shifts [5], anthe
upcoming upgrade line mixing [6].

» Single-layer absorption calculation accounting for instrument function. HAPI enables complex
broadener modeling for atmospheric and astrophlyapgalications.

»  Expert algorithm for the line profile selection @isingle-layer radiative transfer calculation

» Extension by custom line, partition sums, instrutakrfunctions, and temperature and pressure
dependences.

HAPI applications include spectroscopic data vdiamaand analysis [7] as well as experiment veaificn and
spectroscopic code benchmarking [1]. HAPI can sasva foundation for building custom radiative-sfan codes
[1] and also as a tool for teaching advance colurssgectroscopy.

This work is supported by the NASA PATM (NNX13AI59GPDART (NNX16AG51G) and AURA
(NNX14AI55G) programs, and the Tomsk State Unigr€iompetitiveness Improvement Program.
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An improved line list for the 5  um spectral region of carbonyl sulfide
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The information available for the Bm spectral region (1658.6 — 2153.2&nof carbonyl sulfide in the
HITRAN [1] spectroscopic database originates franeatensive self-consistent line list generated\blayt on
the basis of the global analysis developed fortgecule [2] and included in the 2000 edition dTRAN [3].
Although the intensities of 19 bands were increased5.8% in the 2008 edition [4] to match the ager of
measured intensities reported for theband [5,6] and the air- and self-broadening cokffits were corrected in
the 2012 edition [1], the spectroscopic informatgamrently available in HITRAN is essentially thense as in
HITRAN 2000. It consists in 9314 lines belonging®bands of 5 isotopologues@?C32S, 1602C34S,16013C2s,
16012C335,18012C82S), with a minimum intensity of 1.012x¥@&m/molecule at 296 K. Although of a similar origin
the spectroscopic data in the GEISA database [Wists in 13021 lines belonging to 73 bands obfjsologues
(*%0%C*S is the additional one), provided in the same tspk@nge and with the same minimum intensityras i
HITRAN.

It was found that the information available in HIAR does not account for several hundreds of wezdsli
observed around gm for a sample of OCS in natural abundance [8]s Taiunt is substantially reduced when
using GEISA. These missing lines correspond tolastds of several isotopologues of OCS. Relying on a
improved global model of OCS and available expentakline intensities, a new line list was genedatia
particular, it includes strong bands of isotopolegiless abundant thafO'3C3*S and hot bands weaker than
available in HITRAN and GEISA for the more abundeattopologues. This new line list will be presehsnd
compared with experimental information, HITRAN aB&ISA.
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Line shape parameters of helium- and hydrogen-broad  ened *?C'0 in the 3 —0
overtone transition near 1.57 pm

Zachary D. Reed and Joseph T. Hodges
Chemical Sciences Division, National Institute @ffflards and Technology, 100 Bureau Drive, Gaitberg, Maryland 20880

Frequency-stabilized cavity ring-down spectroscapg used to determine helium- and hydrogen- braeifége0
line shape parameters for eleven lines in $hes O vibrational overtone band, including helium- anglfogen-
pressure broadening and pressure shifting. Wertrapectra with excellent signal-to-noise (excegdinx 10%),
which offer stringent tests of line shape modelfiese spectra provide evidence of three non-Vaigithanisms
affecting line shape: collisional (Dicke) narrowjrgpeed dependence, and correlations between tyetdbenging
and phase-changing collisions. This work provigesther demonstration that multispectrum fittingrad partially
correlated speed dependent Nelkin-Ghatak profilgh(the quadratic approximation for speed depeneeis
necessary for precise determinations of line sipapameters associated with these three mechanlsgis [

The measured line shape are compared to previotksfaohelium- and hydrogen-broadened CO trans#tionthe

3 - 0 vibrational band (helium- and hydrogen- broadeniogfficients) [4, 5] and in thd — Ofundamental
vibrational band (helium- and hydrogen- broadenamgl shifting coefficients) [6, 7]. The uncertair§ the
broadening coefficients are significantly reducanl] the shifting and narrowing parameters are teddor the first
time for this transition. Analysis of the specataelevated pressure reveals evidence of line giwiith first-order
line mixing parameters that are consistent wittrditure values.
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New investigation of the UV spectra of SOz for the validation of the
TROPOMI/SENTINEL-5 instrument

Ludovic Daumontl'*, Bruno Grouiezl, Gregory Albora’
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The UV spectra of S£n natural concentration is measured by Fourien3i@m Spectrometry in the region
26 000 — 40 000 crhat room temperature. The goal is to enhance tes@ections and their associated uncertainty
from the work of Vandaele et al [1, 2, 3] whichréeommended in the HITRAN database. The new measuns
try to meet the TROPOMI requirements for uncertaantd resolution. The spectrometer is the new BRRHKIES
125HR spectrometer equipped for the UV in an emssbnfiguration. The SGsample is filled in a 20 cm long
single pass BRUKER cell. The temperature is fixgdHe air conditioning of the room and some testsmaade
to isolate the cell from small air blows that cais@ Different kind of UV light sources are testedjuantify the
effects of the light source on the cross sectitwesitfng of the cell, photodissociation, etc...). Tlensist in a
Xenon arc lamp and two groups of LED from differentnpanies and different power. The spectra arerded
at 8 and 2 criresolution and a higher resolution of 0.1 cwas also recorded to check the presence of finectares that
could behave differently in the comparisons of sresctions when dealing with apparatus of differesolution. The results
will be presented and analysed. The comparisonefeyences will be made considering the Edlen ctime since our
spectrometer is used under vacuum whereas the BRURERDM used in [1, 2, 3] operates in air.
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High-resolution spectroscopy and analysis of variou s bands of CF 4 to elucidate
its hot band structure
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We have recorded spectra of thet v combination band of GRinder two different physical conditions. i) Jet-
cooled spectra with a rotational temperatureaob0 K, recorded thanks to the Jet-All’#pparatus of the AILES
Beamline at the SOLEIL Synchrotron facility. ii) Bm-temperature spectra recorded in Reims with aoptical
path in a multiple-pass White cell. We could alscard high-resolution spectra of the forbiddefundamental
band and of the; +v3 combination band.

We present a detailed analysis of these spectlzadahanks to the XTDS softwa&reThe assignments are
included into a global fit implying several intetiag) bands previously studigdOur final aim is to obtain a global
analysis of all the lower vibrational bands ofGihd to simulate its hot bands in the atmosphdygpigtion
region.
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Computing highly accurate spectroscopic line lists for characterization of
exoplanet atmospheres and assignment of astronomical observations

Timothy J. Lee?, Xinchuan Huanga®, and David W. Schwenke®

a3pace Science & Astrobiology Division, NASA Ames Res. Ctr., Moffett Field, CA, USA
bSETI Ingtitute, Mountain View CA, USA
°NAS Facility, NASA Ames Research Center, Moffett Field, CA, USA

Over the last decade, it has become apparenttlibatost effective approach for determining highly
accurate rotational and rovibrational line lists fimolecules of interest in planetary atmosphered ather
astrophysical environments is through a combinatibhigh-resolution laboratory experiments coupleth state-
of-the artab initio quantum chemistry methods. The approach invobmaputing the most accurate potential
energy surface (PES) possible using state-of-thelectronic structure methods, followed by compgitiotational
and rovibrational energy levels using an exactatemal method to solve the nuclear Schrédingeraton. Then,
reliable experimental data from high-resolution exxments is used to refine tlab initio PES in order to improve
the accuracy of the computed energy levels andgitran energies. From the refinement step, we Heeen able to
achieve an accuracy of approximatelyws= 0.02 cm' for rovibrational transition energies, and eveitdrefor
purely rotational transitions. This combined “esipent + theory” approach allows for determinatafressentially
a complete line list, with hundreds of millions toénsitions, and having the transition energies iatehsities be
highly accurate. Our group has successfully agphés approach to determine highly accurate lists for NH and
CO; (and isotopologues), and very recently for,$@d isotopologues. Here | will report our latesults for S@
isotopologues and updates on Lébtopologues. Comparisons to the available datdlI TRAN2012 and other
available experimental data will be shown, thoughnete that our line lists for S@sotopologues are significantly
more complete than any other databases. Sinsdritgortant to span a large temperature rangedardo model
the spectral signature of exoplanets, we will alsmonstrate how the spectra of £&hange on going from low
temperatures (100 K) to higher temperatures (500 ¥500 K).
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Shapes of molecular lines from first principles (pr oposal for constructing line-
shape databases from ab initio calculations)
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A proper treatment of non-Voigt line-shape effetdscrucial to reliably interpret and reconstruct
accurate molecular spectra as well as to reduceytfiematic errors in atmospheric measurementseoEarth
and other planets. This fact has stimulated devedop of a new structure of modern spectroscopiatieses [1-
3] and incorporation of an extensive set of new#ape parameters [4]. It turned out, howevet,tti@most
challenging issue is to determine the values ade¢hgarameters for a wide range of pressures anktaires
covering all the bands and branches. Currentlyt afsavailable experimental data is relatively sgaand even
if the experimental data can be reliably fitted aegdroduced with the non-Voigt line-shape modehthigeir
extrapolations to other transitions and other tletynamic conditions would result in very large esr¢4].
Following [5, 6] we present our proposal for overing this difficulty by performing a set @b initio line-
shape calculations. We calculate from first pritespthe phase-/state-changing contribution by duintum-
scattering calculations [7-9] and velocity-changimme from the Boltzmann collisional operator basadthe
billiard-ball approximation [10, 11]. After validah with experimental spectra for several particliaes we
will be able to generate a complete dataseatfinitio line-shape parameters for a given molecular system
Finally, they will be projected [4] on a simple wtture of the quadratic correlated speed-dependerd
collision profile [12, 13] also called the Hartmahran profile [14], hence making them ready to beluded
into the new structure [1, 2] of the HITRAN datab§$5].

To validate our concept, we chose ppérturbed by helium which, on one hand, is thepsst possible
system for such studies while, on the other hani, rielevant for the studies of the atmospheregasf giants
and hence required to be stored in the spectraldatabases. Our preliminary results for pure imtat and
fundamental bands demonstrate that aiiinitio approach not only well reproduces experimentattspebut
can also be used to validate the potential enengiaces available in the literature [8]. In the netep we will
repeat these calculations for higher Wbrations with an extended version of the redsghly accurate PES
[16]. A positive validation of our calculations Wipen a way for generating the first complakeinitio dataset
of the line-shape parameters for a particular moscsystem. In a long-term perspective we wowd to focus
on the CO-N system, which is not only relevant for the invgations of Earth's atmosphere but can also be a
feasible objective adib initio studies.
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We present anew open source and user-friendly model to compute the line-mixing relaxation matrix for linear
molecules. The model is based on the previous work [1], and follows the Energy-Corrected Sudden (ECS)
approximation/theory [2]. The main innovation of the model is the implementation of a new experimental Basis
Transition Rate function that, allows to remove the dependency of fitted parameters to every molecule-perturber
system, and to treat customized-combinations within the Infinite Order Sudden (10S) approximation. The model
reads the needed spectroscopic data from the Hlgh-resolution TRANsmission molecular absorption (HITRAN)
[3]. Inthiswork we present an example of the cal culations with our model for the Carbon Dioxide (CO,) molecule,
and a comparison with a previous works. The data produced by our model can be used to characterise the line-
mixing effectson ro-vibrational lines of theinfrared emitters on Earth or any planetary atmosphere, and to calculate
accurate absorption spectra, which are needed in the interpretation of atmospheric spectra, radiative transfer
modelling and General Circulation Models (GCM).
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Temperature- and Pressure-Dependence of Line Shape  Parameters for (30012) «
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Measurements of atmospheric carbon from remoteirggmpdatforms such as the Orbiting Carbon Obserya®?o
satellite require predictive, line-by-line modelstbe absorption coefficient of carbon dioxide (FQL]. These
models must account for the pressure- and temperdependence of line shapes for isolated transitémd for line
mixing effects within the vibrational band. Here wescribe a new low-temperature cavity ring-dopectrometer
which enables high-precision, laboratory line shstpdies over a temperature range that is reld¢gaeimote sensing
applications. The ring-down spectrometer consites monolithic invar cell and optical resonatoreasbly inside a
low-temperature enclosure. The system has a lemy-temperature stability of 5 mK. This configuoatiyields
stable cavity resonances which provide a low-gpgctrum detuning axis with 1-MHz-level uncertainfyhe optical
cavity is nominally 80 cm long, with a finesse & Q00 and a 1-s detection limit of 3x®@&nT®. As an illustration
of the system performance, we report measuremémiis-broadened (30012} (00001) CQband line parameters
obtained over a pressure range of 10 hPa to 100ahB&or temperatures between 220 K and 300 K.ndJsi
multispectrum fits of the Hartmann-Tran profile (P)I[2] (which includes the effects of collisionarmwing and
speed-dependent narrowing effects in addition toetations between velocity-changing and phase-gingn
collisions) we analyze the measured spectra. Thesdts underscore the importance of modeling tspesith
advanced (i.e. non-Voigt) profiles to preciselyttap the temperature- and pressure-dependence bfighshape. In
particular, we show how the use of the HTP cancedias in the measured broadening coefficientchvis relevant
to the accurate calculation of distant line wings $aturated features that are typically obserredong-path
atmospheric spectra [3].
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The phenomenon of collisiona transfer of intensity due to line mixing has an increasing importance for
atmospheric monitoring. From atheoretical point of view, al relevant information about the collisional effect on
line shapes is contained in the relaxation matrix whose diagonal elements are the half-widths and shifts of
individual lines while the off-diagonal elements correspond to line interferences. For simple systems such as those
consisting of diatom-atom or diatom-diatom, accurate fully quantum calculations based on sophisticated and
realistic interaction potentials are feasible. However, fully quantum calculations become unrealistic for more
complex systems. So far, the semi-classical Robert-Bonamy formalism, which has been widely used to calculate
hal f-widths and shifts for decades, failsin cal culating the off-diagonal matrix elements resulting from applying the
isolated line approximation. As a result, in order to simulate atmospheric spectra where effects from line mixing
are important, semi-empirical fitting or scaling laws such as the energy corrected sudden (ECS) and infinite order
sudden (10S) models are commonly used. Recently, we have found that in developing semi-classical line shape
theories, to rely on the isolated line approximation is not necessary [1]. By eliminating this assumption, and
accurately evaluating matrix elements of the exponential operators, we have developed a more capable formalism
that enables one not only to reduce uncertainties of calculated half-widths and shifts, but also to cal culate the whole
relaxation matrix. Thanks to this progress, one can address the line mixing based on interaction potential s between
molecular absorber and molecular perturber. We have applied this formalism for Raman and infrared spectra of
linear molecules [1-4] and asymmetric-top molecule [5]. Recently, the method has been extended to symmetric
tops with inversion symmetry such as the NHs molecule [6,7]. Our calculated half-widths of NHz linesin the v,
and the pure rotational band match measurements very well. Furthermore, the method has been applied to the
calculation of the shape of the Q branch and of some R manifolds, for which an obvious signature of line mixing
effects has been experimentally demonstrated. Comparisons with measurements show that predictions from the
new formalism accurately match the experimental line shapes.
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In this study we have re-analyzed high-resolutipectra of pure CO and CO broadened by hydrogendedan
the spectral range of the first overtone bandj&l- and H-Lorentzian pressure-broadened half-width, pressure
induced shift parameters, line mixing coefficiemsavell as line centers and intensities were obthiar 48 (P(24)

to R(23)) ro-vibrational transitions belonging heffirst overtone (2 0) band of2C*0 at the ambient temperature
(~298 K).

The diffusion constants needed to estimate theonémg line parameters were calculated theoreticiéllywas
modeled by means of a single united atom force {i2] while CO was described from a three elecatistsites
model [3]. Intermolecular interactions were desetithy combining electrostatic and van der Waakrawtions.
The electrostatic contribution was computed ushmg Ewald sum while the van der Waals interactioesew
modeled from a Lennard-Jones potential. For GOrkktures, five molar fractions were investigatéd), 0.0126,
0.05, 0.5 and 1. Molecular dynamics simulationsengrried out using the DLPOLY software [4]. Thisgedure
allowed us to fix the narrowing parameters to thlewated values while fitting the spectra with Reutian and
speed-dependent Rautian profiles.

The spectra werfiited simultaneously within the range 4146 to 4332 employing four line shape functions:
the Voigt, Speed Dependent Voigt, Rautian and Sjigzendent Rautian Profiles. The line coupling effeas
been observed and investigated as an asymmettfyeirarialyzed line profiles. Two semi-empirical meiho
(Energy Corrected Sudden Approximation, ExponenBlalver Gap Law) were used to estimate the self-
broadening and self-line mixing parameters.

Furthermore, a classical approach [5] was apptecatculate the half-widths of CO absorption linm@sO-H,

and CO-CO collisions. The calculations utilize sienwibrationally independent intermolecular intdiax
potential (Tipping-Herman + electrostatic) [6,Bbth molecules were treated as rigid rotors. Theeddences of
CO half-widths on rotational qguantum number fat 24 are computed at room temperature and compaitd w
measured data.
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Theoretical calculation of spectra of moleculesasy useful for spectra analysis and spectra asggh New full
dimensional ab initio potential energy surface (P& dipole moment surface (DMS) of 4,- 5- atomialecules are
discussed [1,2,3]. The high precision pure abdnRES of methane was constructed. It results inifigntly better
band center predictions even in comparison with beailable empirically corrected potential enesgyfaces. The
issues related to the basis set extrapolation anddalitivity of various PES corrections at thisdewf accuracy is
discussed. The problem of energy levels convergemek empirical PES correction are discussed. Thengities
calculated from different high order ab initio DNd& compared with available observed data. The sfart of global
analysis of methane is discussed. The work is ypaubported by French-Russian LIA SAMIA and Tomdiat&
University Mendeleev program.
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The vibrational spectrum of ammonia has receivedeaarmous amount of attention due to its potential
prevalence in hot exo-planet atmospheres and parsishallenges in assigning and modeling highlsited and
often highly perturbed states. Effective Hamiltomimodels face challenges due to strong couplihgden the
large amplitude inversion and the other small atugé vibrations. To date, only the ground andositions
could be modeled to experimental accuracy usingctffe Hamiltonians. Several previous attemptsnalyze
the 2, and vs energy levels failed to model both the microwavel amfrared transitions to experimental
accuracy. In this work, we performed extensive expental frequency measurement and analysis foRthe
and v4 inversion-rotation and vibrational transitions. Weeasured 159 new transition frequencies with
microwave precision and assigned 1680 new ones feximting Fourier Transform spectra recorded in
Synchrotron SOLEIL. The newly assigned frequendimificantly expand the range of assigned quantum
numbers; combined with all the previously publislinégh-resolution data, thev2andv, states are reproduced
to experimental accuracy using a global model. i&dhg experimental accuracy required inclusionaof
number of terms in the effective Hamiltonian tharevneglected in previous work. These terms hase laden
neglected in the analysis of states higher thas ghd va suggesting that the inversion-rotation-vibration
spectrum of ammonia may be far more tractablefectée Hamiltonians than previously believed.

To evaluate the intensities of Far-IR ammonia itaoms from HITRAN2012 and our effective Hamiltonia
model, we performed independent measurements di-reigplution (0.00167 c¥y unapodized) Fourier-
transform spectra of high purity (99.5%) normal amnia sample using the AILES beamline of Synchrotron
SOLEIL. The experimental conditions are designedttmly numerous transitions with intensities weakan
1x1022 cn?/(moleculecnT?) at room temperatures. Line positions and interssbf more than 2830 transitions
of *NH; are measured and compiled after proper qualityrabrthe features from minor isotopologué3NHs;
and NHD) and HO are identified and removed. Based on the prexdistof our effective Hamiltonian model,
systematic quantum assignments are made for 2@hsitions from eight bands including four inversion
rotation bands (gsk, 2v2, andvs) and four ro-vibrational bandsx(— gs, 2>— Vo, Va — Vo, and 2, —vs), as well as
covering theirAK = 3 forbidden transitions. The measured line pos#ifor the assigned transitions are in an
excellent agreement (typically better than 0.00%cwith our Hamiltonian predictions in a wide rangfeJ and

K for all the eight bands. The comparison with theTIRIAN 2012 database is also satisfactory, although
systematic offsets are seen for transitions withhtdi and K and those from weak bands. For line positions,
greater differences are found for somesNitdnds in HITRAN 2012 than our effective Hamiltamiaodel. Also
we note that out of the 8 bands, the 2vs has not been listed in the HITRAN 2012 databas#er@nces of
20% are seen between our measured and calculatawsities depending on the bands. Measurementseof t
individual line positions and intensities are presd for eight bands, and the final spectroscapie positions
and intensities are compiled as an electronic supght.
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The TROPOspheric Monitoring Instrument (TROPOMIpaid the European Space Agency's Copernicus
Sentinel-5 Precursor satellite, to be launchedytbé, requires high-accuracy spectral referente fda CH, in
the 2.3 um region [1]. Retrieval simulations haeet performed to specify spectroscopic requirenssing
the need for line intensity measurements down t@85.emY/(molecule crf). Pure CH measurements targeting
line intensities have been carried out with a Brdk& 125HR Fourier transform spectrometer and cdadxde
multireflection cell. Eight ambient temperature cjpg with CH, pressures between 0.4 and 10 mbar and
absorption paths between 15 and 168 m and threeK188ectra with pressures between 1 and 5 mbar and
absorption paths between 33 and 168 m were recatd@dppler limited resolution.

Baseline for the analysis was a line list from \ithail Tyuterev [2] merged with HITRAN2012 [3]. Théesen
spectra were analysed with a multispectrum fitsoffware developed at DLR [4] using the Voigt plefiThe
combination of low and ambient temperature measentsnallowed fitting/validating lower state energiét
turned out that 2000 new lines had to be addedhbodt 1600 lines were dropped from the initialdise to wrong
position or lower state energy. The remaining 38®&d Tyuterev/Hitran2012 lines showed an averagjesblute
line position difference of 0.0014 chand line intensity difference of 21%. Due to numer blended lines and
misassigned/missing lines with weak intensitiesgpectra, especially those with larger column ansuould
not be fitted down to the noise level. Therefoiag Iparameter based uncertainties are not meathingfu
alternative concept called “residual absorptiorssrsections” was introduced. The impact of the resmlts on
simulated retrievals with TROPOMI together with tyeplication of residual absorption cross sectiaiisbe
discussed.
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Retrieval s of atmospheric composition from near-infrared measurements require measurements of airmassto better
than the desired precision of the composition. The oxygen bands are obvious choices to quantify airmass since
the mixing ratio of oxygen isfixed over the full range of atmospheric conditions. The OCO-2 mission iscurrently
retrieving carbon dioxide concentration using the oxygen A-band for airmass normalization. The 0.25% accuracy
desired for the carbon dioxide concentration has pushed the required state-of-the-art for oxygen spectroscopy. To
measure O, A-band cross-sections with such accuracy through the full range of atmospheric pressure requires a
sophisticated line-shape model (Rautian or Speed-Dependent Voigt) with line mixing (LM) and collision induced
absorption (CIA). Models of each of these phenomena exist, however, this work presents an integrated self-
consistent model developed to ensure the best accuracy.

It is also important to consider multiple sources of spectroscopic data for such a study in order to improve the
dynamic range of the model and to minimize effects of instrumentation and associated systematic errors. The
techniques of Fourier Transform Spectroscopy (FTS) and Cavity Ring-Down Spectroscopy (CRDS) allow
complimentary information for such an analysis. We utilize multispectrum fitting software to generate a
comprehensive new database with improved accuracy based on these datasets. The extensive information will be
made available as a multi-dimensional cross-section (ABSCO) table and the parameterization will be offered for
inclusion in the HITRANonline database.
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A global frequency and intensity analysis of thiedred tetrad located in the 600 - 1500 cregion was carried
out using the tensorial formalism developed in Bifor XoY 4 asymmetric-top molecules [1] and a program suite
called DrTDS (now part of the XTDS/SPVIEW spectroscopicwafte) [2]. It relies on spectroscopic information
available in the literature and retrieved from apsion spectra recorded in Brussels using a Briik€r120 to
125 HR upgraded Fourier transform spectrometethénframe of either the present or previous worik [3
particular, 645 and 131 lines intensities have brespectively measured for the waakandva bands. Including
the Coriolis interactions affecting the upper vilraal levels 186, 7, 4* and 12, a total of 10737 line positions
and 1645 line intensities have been assigned #ed fivith global root mean square deviations of>20* cntt

and 2.5 %, respectively. Relying on the resultghaf present work and available in the literaturdist of
parameters for 65420 lines in the, v, va andvi» bands of?C;H. was generated. The present work provides an
obvious improvement over HITRAN and GEISA for thg band (see figure below), and a marginally better
modeling for they; band (and for thes band hidden beneath it). To the best of our kndgée this is the first time
that a global intensity analysis is carried outhiis range of the ethylene spectrum.
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Fig. 1: Comparison of an observed spectrum (blddghe P branch of theiyband of ethylene with spectra
calculated (red) fot2C,H,4 using results of the present analysis.
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High-precision measurements of the 308648001 R branch of pure C®were performed using
3-channel diode laser spectrometer [1] with resmiubf 1:10* cnT* and signal-to-noise ratio (S/N) up to 7000.
Lines fromR(12) to R(22), that may be treated as isolated, were medsarpressure range from 0.005 to 0.9
atmosphere at a temperature of 296 K. Spectra amalyzed using spectrum-by-spectrum and multispectr
fittings with a variety of up-to-day models incladi speed dependence, velocity change and line qréfiiects.
Including in line shape profiles velocity changeDicke narrowing parameters does not lead to thprarement
in obtained residuals and, moreover, results ininear pressure dependences of other collisiomal $hape
parameters i.e., speed dependent narrowing, shéiia line mixing coefficients. It was shown tha fjuadratic
Speed Dependent Voigt Profile with Line Mixing (q8P+LM) provides the measured-calculated residusd le
than 0.02%. All retrieved collisional parameteisnfr spectrum-by-spectrum fitting are linear withgaare. The
self-colliding line shape collisional coefficientsre determined and presented using spectrum-totrspe and
multispectrum fittings.

This work is supported by the Project 3.9.7. of RB&ic Research Program N 3.9.
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Methyl bromineis of interest for atmospheric applications, since this moleculeis directly involved in the catalytic
destruction of ozone in the lower stratosphere. Methyl bromide (CH3Br) has been identified as the maor
contributor to stratospheric bromine and the primary organobromine species in the lower atmosphere.

Os- broadening coefficients of CHsBr have been retrieved in the v, band at room temperature. M easurements have
been performed using Fourier transform infrared spectroscopy. The lines were fitted with a single-spectrum non-
linear least squares fitting procedure of Voigt profiles. The experimental results are compared with theoretical
values calculated using the Robert and Bonamy formalism [1] which reproduces the measured broadening
coefficients.

Recently, self- and N2- broadening coefficients of CH3Br have been measured for the P, Q and R branches of the
v, fundamental band at room temperature [2]. To complete this study, we have calculated these coefficients. The
intermolecular potential used in this work for the CH3Br-CHsBr includes the overwhelming electrostatic
interactions. For the CH3Br-O, and CHsBr-N., we have added to this potential the induction and dispersion energy
contributions. For all studied collisional systems, the comparison between the theoretical and measured results
leads to a good agreement.
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The most efficient and commonly employed method for calculating intensities in the high-temperature line lists of
the diatomic molecules is to use one of the publically available computer codes that allow calculating the linglists
with an input of the potentia energy functions and dipole moment functions in point-wise or functional forms (see
[1], for instance, for how this method was carried out for CO). It was found that conventional methods fail to
correctly calculate the intensities of the high overtone transitions. The failure manifests itself as flattening
(saturation) of the calculated transition probabilities starting at certain An, the change in the vibrational quantum
number, which depends on both the molecule and the method used. In CO, An = 11 if caculations are performed
with double precision [2], and An = 7 [3] if aspline-interpolated ab initio dipole-moment function (DMF) [1] is used
(see figure). The flattening is revealed when the calculated intensities are compared with the theoretical NIDL
(Normal Intensity Distribution Law) [4] predictions.
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The flattening is a so observed in SIO [5] (as expected in [6]), LiCl [7], CS (the saturated transitions are excluded
in[8]).
Thiswork is supported by RFBR grant (16-03-00526a) and NASA PDART grant (NNX16AG51G)
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Line-by-line models have become mandatory for matnyospheric spectroscopy applications.
Because of the large computational burden codeelaleed with Fortran or C/C++ are
indispensable for operational processing. In gdribesse codes work as a kind of 'black box'
where intermediate quantities such as cross sectom difficult to access. However, script
languages such as Python are becoming attractive ecause they allow for “rapid
prototyping” and codes are easily ported to a waé platforms [1].

Py4CALtS --- PYthon scripts for Computational ATrpbsric Spectroscopy [2] is a Python re-
implementation of our Fortran infrared radiativensfer code GARLIC (Generic Atmospheric
Radiation Line-by-line Infrared Code, [3]), wherentpute-intensive code sections utilize the
Numeric/Scientific Python modules for highly optaad array-processing. The individual steps
of an infrared or microwave radiative transfer camapion are implemented in separate scripts
to extract lines of relevant molecules in the sgéctinge of interest, to compute line-by-line
cross sections for given pressure(s) and tempeialito combine cross sections to absorption
coefficients and optical depths, and to integrdteg the line-of-sight to transmission and
radiance/intensity. Py4CAtS can be used in two wiigsn the Unix/Linux (or Windows/Mac)
console/terminal or (more flexibly) inside the (jpon interpreter. The basic design of the
package (available at http://atmos.eoc.dIr.de/tBgBCALtS/), numerical and computational
aspects relevant for optimization, and a sketdhetypical workflow are presented.
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We present temperature-dependent absorption cross sections of two fluorinated compounds. The first is
1,1,1,3,3,3-hexafluoro-2-propanol (HFPO), which is a fluorinated liquid commonly used as a speciality solvent
for some polar polymers and in organic synthesis. HFPO vapour can be considered a potential greenhouse gas due
to being radiatively active in the mid-infrared spectral region.

Experimental absorption cross-sections of HFPO were derived from Fourier transform infrared spectra
recorded from 550 to 3400 cm* with a resolution of 0.1 c? over a temperature range of 298 to 360 K. These
results were compared to theoretical density functional theory (DFT) calculations and previously published
experimental measurements made at room temperature [1].

Theoretical DFT calculations were performed using the B3LY P method and the 6-311G(d,p) basis set.
The calculations have determined the optimized geometrica configuration and infrared intensities and
wavenumbers of the harmonic frequencies for different ground state configurations for HFPO due to its internal
rotors.

Additionally, experimental absorption cross-sections of both cis- and trans-perfluorodecalin were derived
from Fourier transform infrared spectra recorded from 560 to 3500 cm* with a resolution of 0.1 cm® over a
temperature range of 300-340 K. Perfluorodecalin is commonly used in medicine and biology as it can dissolve
large amounts of oxygen. Radiative efficiencies and the global warming potential for both species were calculated
and compared to previously published values[2].

References

[1] R. Imasu et al., J. Meteorological Soc. Japan 73, 1123-1136 (1995)
[2] O. Hodnebrog et al., Rev. Geophys. 51, 300-378 (2013)

92



P2-5

Analysis of air-broadened ozone line shapes in the 9.6-um region

Mary Ann H. Smith 1’k, V. Malathy Devi ? and D. Chris Benner °

1. Science Directorate, NASA Langley Research Center, Hampton, VA 23681 USA
2. Department of Physics, The College of William and Mary, Box 8795, Williamsburg, VA 23187 USA
* mary.ann.h.smith@nasa.gov

We have been analyzing air-broadened line shaptim thevs fundamental band dfO; [1] by applying
the multispectrum nonlinear least squares fitteghhique [2] to a set of 31 high-resolution (0.@E05 cnt)
infrared absorption spectra og Previously recorded with the McMath-Pierce Foutiansform spectrometer at
the National Solar Observatory on Kitt Peak. Roemyierature and coolable sample cells were usebttono
these spectra at temperatures between 160 and 804 t6tal pressures up to 0.3 atm. Since linénmilas been
experimentally investigated at higher sample pressiB] in thevs and other ozone bands, we have also examined
selected transitions in our present data set falegee of line mixing.
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The HITRAN2016 database is scheduled to be reledsed/ear. The assembly of this edition (as & th
tradition for the HITRAN database) exemplifies thedficiency and necessity of worldwide scientific
collaborations. It is a titanic effort of experimalists, theoreticians and atmospheric scientistg) measure,
calculate and validate the HITRAN data.

The line-by-line lists for almost all of the 47 HRRN molecules were updated in comparison with tiexious
compilation HITRAN2012 [1], that has been in udeng with some intermediate updates, since 2012.eXtent
of the updates ranges from updating a few lineseofain molecules to complete replacements ofitite &nd
introduction of new isotopologues. Many new vibwatll bands were added to the database, extendirspéttral
coverage and completeness of the datasets. Falabeva@lecules, such as water vapor,,@0d CH, the extent
of the updates is so complex that separate taslpgnere assembled to make strategic decisiong #isochoices
of sources for different parameters in differenécpal regions. These task groups are composeédl@fant
HITRAN committee members and their close collabunsat

The amount of parameters has also been significamtteased, now incorporating, for instance, nangV
line profiles [2]; broadening by gases other tharaad “self” [3]; and other phenomena.

In addition, the amount of cross-sectional setthindatabase has increased dramatically and irclhnday
recent experiments as well as adaptation of thstiegi databases that were not in HITRAN previou$ty
instance data described in the review by Hodnebtad [4] and the PNNL database [5]).

The HITRANZ2016 edition takes full advantage of tieav structure and interface availablevaiw.hitran.org
[6] and the HITRAN Application Programming Inter&afr] (which are described in separate posters).

This poster will provide a summary of the updagesphasizing details of some of the most importadtastic
improvements.

This work is supported by the NASA PATM (NNX13AI59GPDART (NNX16AG51G) and AURA
(NNX14AI55G) programs.
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The single 118-GH2\l = 1- line of fine structure transitions of molemmubxygen is of great importance for remote
sensing of the Earth’s atmosphere. In particuber |ine is widely used by airborne and satellitsdzhinstruments
for atmospheric temperature and pressure profilewery. Accuracy and reliability of the recoveratbrmation
directly depends on how accurately the diagnosii profile is known. Such information can be obéal only
from precise laboratory experiments. Here, we repothe results of laboratory investigations & sihape of the
N = 1- oxygen line performed over a very wide ran§pressures using two principally different spesteters
having complimentary abilities. The RAD spectrom¢t¢ was used to record low pressures spectrayspg the
0.7-2 Torr range, while high pressures data fro 261000 Torr were recorded with a resonator spewter
[1]. We improved considerably the sensitivity otlbinstruments for this study. This improvemenbdattd us to
obtain signal to noise ratio at spectra recordofgbe order of a few thousands. The spectra aisadymbled the
first manifestation of the speed-dependence ofctiiisional broadening of the line, along with cmesable
refinement of other parameters of the line, inatgdtollisional broadening, line-mixing and inte@intensity.
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The study of Titan properties with remote senskiglges on a good knowledge of the atmosphere priegert
The in-situ observations made by Huygens combiniéid necent advances in the definition of metharepprties
enable to model and interpret observations withrg good accuracy. Thanks to these progressesamvaralyze
in this work the observations made at the limb 6T in order to retrieve information on the hazeperties as
its vertical profiles and its spectral behaviowrg the VIMS/Cassini range (from 0.88 to 5.1 pnr 20600 to
12000 cmt). However, for applications to real atmospherase meed to account for the widening of the
spectroscopic lines (e.g., Voigt profile) and apply empirical cut-off of the far wings. In genertiis is a
multiplying function of the wavenumbef(v), applied to the Voigt profile that allows a fastircay of the wing
profile beyond a given distance from the centertted line v, : f(v) =1 if |[v—vy| <Av, and f(v) =

exp(—@) if |[v—v,| > Av.

Although the 2um window is apparently straitforward to model,ppaars that the standard cut-off parameters

[1] (that isAv ~ 26 cm! ando ~ 120cm?) which is used for other windows in Titan's atmiueye is not adequat
for this window. Other sets of parameter must le=lus reproduce Titan spectrum atr8 ([2],[3],[4]). However,
there is no convergence of the results betweere thesks and a large variety of cut-off parametees wsed.
Alternatively, it was found that some gas abson#itethane and another unknown gas) leave a sigratound
2-um [5] and also affect the transparency in this windin our study we make an exhaustive investigatio the
cut-off parameters to determine which are the tagples of parameters to fit theita window. We also evaluated
how gaseous absorptions can allow to reach a aetiisf) agreement and, especially, if it allows tatch
observations with the standard cut-off. Finally, weestigate the impact of the different solutigdgferent cut-

off, with or without supplementary absorptions)tha retrieved surface albedo.
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Self and N2-broadening coefficients have been calculated first at 296 K in the P, Q and R branches of
the v, band of CH3™Br and CH3®Br near 7 mm, using a semiclassical theory. Comparisons have then been
performed with the extensive set of previous measurements [1]. The intermolecular potential used, includesin
addition to the overwhelming electrostatic interactions, induction and dispersion energy contributions which are
significant only for low J transitions with K approaching or equal to J. The theoretical results are in satisfactory
agreement with the experimental data and the J and K dependences are reasonably well reproduced.

Keywords:Methyl bromide; Self and N»-broadening coefficients; Semiclassical formalism
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We report 13 room temperature line lists for alljgnaCO2 isotopologues, covering 0-8000 cm”-1. EBhiase

lists are a response to the need for line intexssitif high, preferably sub-percent, accuracy byotersensing
experiments. Our scheme encompasses nuclear neaficudations supported by critical reliability aysis of the
generated line intensities.

Rotation-vibration wavefunctions and energy leaeescomputed using DVR3D and a high quality senpienal

potential energy surface (PES) [1], followed by potation of intensities using a fulbb initio dipole moment
surface (DMS). Cross comparison of line lists cltad using pairs of high-quality PES’s and DMSsised to
assess imperfections in the PES, which lead toliabte transition intensities between levels inlvin

resonance interactions. Four line lists are contpdite each isotopologue to quantify sensitivity rronor

distortions of the PES/DMS. This provides an estimaf the contribution to the overall line inteysérror

introduced by the underlying PES. Reliable lines laenchmarked against recent state-of-the-art measuts
[2] and HITRAN-2012 supporting the claim that thajority of line intensities for strong bands aregicted with
sub-percent accuracy [3]. Accurate line positioesgenerated using an effective Hamiltonian [4]. @mmend
use of these line lists for future remote senstngies and inclusions in databases.
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High resolution stimulated Raman spectrd®atH, in the regions of the, andvz; Raman active modes have been
recorded at two temperatures (145 and 296 K) basethe quasi continuous-wave (cw) stimulated Raman
spectrometer at Instituto de Estructura de la Net@€SIC) in Madrid. A tensorial formalism adaptedX,Y 4
planar asymmetric tops with,Psymmetry has been developed in Dijon [1] and a@@m suite called BTDS
(now part of the XTDS/SPVIEW spectroscopic softWdtd] was proposed to calculate their high-resoluti
spectra. The effective Hamiltonian operator, iniftdva polyad structure, and transition moment (ipnoment
and polarizability) operators can be systematicelpanded to carry out global analyses of manybravional
bands. A total of 103 and 51 lines corresponding @andvs Raman active modes have been assigned and fitted
in frequency with a global root mean square dewiatif 0.54 x 1§ cntt and 0.36 x 18 cn?, respectively. The
figures below shows the stimulated Raman spectrutimers andv, bands of*C;H4, compared to the simulation
at 296 K.
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Fig. 1: The stimulated Raman spectrum of thand \ bands of3C;H, compared to the simulation at 296 K.
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The outer regions of our solar system in particufariuding the giant gaseous planets Jupiter atdr8 and their
satellites, have recently been the target of spassions such as Cassini-Huygens and several igaéshs from
the ground. A large quantity of observations hasnb&cquired in the Saturnian system in particutares2004
and the advent of the Cassini-Huygens mission. tBpénaging observations play a major role in ttyige of
investigation in particular for the determinatiohtbe organic chemistry in the atmospheres andsthéace
properties [1,2 and references within]. To analgrel exploit these observations, planetary scientisted
spectroscopic databases covering wide ranges irlamyth but also in temperature, pressure, patttiemgc.
Titan, the largest moon of Saturn, in particuldieis many similarities with our own planet, amamigich a dense
atmosphere whose major component is dinitrogebhatts95%. Combining with methane (at a few percant
hydrogen, gives rise to a complex organic chemisttly hydrocarbons and nitriles. Oxygen compounss exist
in Titan’s atmosphere. Investigations of Enceladase also shown the presence of organics in itsgdy along
with the water vapour. By studying Titan, we leatrout our own planet and our Solar system Solar\akole.
The tenuous atmospheres of Europa and of othendéons are also of interest to exobiological studiesproperly
interpret the Cassini-Huygens data and in antimpaof future missions like ESA’s JUICE or otherrBpa
missions to the jovian moons, spectroscopic da&&rucially needed. | will discuss recent resuitdhee chemical
composition of Titan and other icy moons and theliaption of theoretical and experimental data ba t
investigation of these satellites’ atmospheressanmthce, with emphasis on methane [3,4,5,6].
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Precise data including line shape parameters and their temperature dependences will be needed to reduce the
remote sensing measurements to be made by the ExoMars Trace Gas Orbiter. For that, high-resolution laboratory
absorption spectra of HDO in mixture with CO, were recorded in the v1, v,, and vs fundamental bands in the
1100-4100 cm* region. The spectra were obtained with the Bruker IFS-125HR Fourier transform spectrometer at
the Jet Propulsion Laboratory along with two specially built coolable absorption cells with path lengths of 0.2038
m and 20.941 m at various sample gas temperatures (230 - 296 K), pressures and volume mixing ratios. To aid in
the analysis of these spectra and to provide line shape data for transitions in the region, modified complex Robert-
Bonamy (MCRB) calculations were made. The calculations are compared with the measured line shape
parameters determined by a multispectrum nonlinear least squares technique®. The line list began with the 6166
HDO transitions form the HITRAN2012 database®. The measured positions, intensities, and CO-broadened line
shape information was added to these transition followed by the MCRB line shape information. Self-broadening
of HDOisasoincludedinthelinelist. Thelinelist wasaugmented with H,0 and D,O CO»-broadened transitions
fromthelinelist of Gamache et al .
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tunable quantum cascade laser : implications for the air-shift in the ozone vs
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Quantum cascade lasers (QCL) represent unique and versatile tools for the study of molecules in the mid-
infrared region due to their coverage of the molecular fingerprint spectral region, their large spectral tuning range
and their high output power. Using frequency modulated spectroscopy with a free-running distributed-feedback
QCL emitting at 9.54 um, we have measured the pressure shifts of ozone molecular lines. From these shifts we
obtain the room temperature pressure shift parameter 5 of four intense ro-vibrational transitions in the vs
fundamental band of ozone induced by oxygen (O,), air and the noble gases helium (He), argon (Ar), and xenon
(Xe). The high density of transitions in the vs spectral region of o0zone makes this region particularly difficult to
study with more commonly used techniques such as Fourier transform spectroscopy. The comparatively high
spectral resolution of the QCL in the MHz range, on the contrary, allows to measure molecular shifts at relatively
low pressures (from 2 to 80 hPa), thus reducing the impact of spectral congestion due to pressure broadening of
molecular lines. Except for He, semi-classical calculations using the Robert-Bonamy (CRB) formalism show good
agreement with our results.

The comparison of our measurements with published data in the same [1-3], other fundamental [2-
4],combination [5, 6] and hot [6] bands shows that presently recommended values [7] for the air-shift are likely
too low and should be multiplied by afactor of about 3. A systematic use of our technique covering alarger spectral
range could be very useful to investigate the rotational state dependence and to make up for the lack of shift
parameters of 0zone vs transitions in molecular spectral databases [7-9]. A subsequent stabilization of the QCL
onto an optical frequency comb will open up possibilities to perform metrological measurements of Doppler-free
molecular lines.
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Circular interferometer for accurate and contact-fr ee measurements of
absorption paths
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Accurate path length measurements in absorption cells are recurrent requirements in quantitative molecular
absorption spectroscopy [1]. A new twin path laser interferometer for length measurementsin asimple direct path
absorption geometry is presented, along with afull uncertainty budget. The path in an absorption cell is determined
by measuring the optical path length change due to the diminution of the refractive index when the cell originally
filled with nitrogen gasis evacuated.

The performance of the instrument based on a stabilized HeNe laser is verified by comparison with the results
of direct mechanical length measurements of a roughly 45 mm long, specially designed absorption cell. Dueto a
resolution of about 1/300 of a HeNe fringe, an expanded (coverage factor k = 2) uncertainty of 16 uminthe length
measurement is reached, providing a relative uncertainty of 3.6 10 for the length of our test absorption cell [2].
Thisvalueis about eight times lower than what has been reported previoudly [3].

The instrument will be useful for precision measurements of absorption cross sections of strong absorbers
which require short light paths, such as ozone, halogen oxides, sulfur dioxide and volatile organic compoundsin
the UV [1].
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Line parameter study of ozone at5and 10 pm using atmospheric FTIR spectra
from the ground: A consistency test of ozone spectr al data
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Atmospheric ozone concentration measurements msggnd on spectroscopic methods that cover differe
spectral regions. Despite long years of measuremioits, the uncertainty goal of 1% [1] in abseluine
intensities has not yet been reached. Multispeictiai-comparisons using both laboratory and atrhesp studies
reveal that important discrepancies exist when ezmiumns are retrieved from different spectraiaes,

Here, we use ground based FTIR to study the seitwitof ozone columns on different spectroscopic
parameters as a function of individual bands faentdying necessary improvements of the spectrdscop
databases. In particular, we examine the degreersistency that can be reached in ozone retriegaig spectral
windows in the 5 and 10m bands of ozone. Based on the atmospheric spectdstailed database inter-
comparison between HITRAN (version 2012) [2], GEI&#&rsion 2011) [3] and S&MPO (as retrieved frora th
website at the end of 2015) [4] is made.

Data from the 1(um window are consistent to better than 1%, butethee larger differences when the
windows at 5um are included [5]. The pm results agree with the results from,irl within +2% for all databases.
Recent S&MPO data are even more consistent witdeélseed level of 1%, but spectroscopic data frdmRAN
give about 4% higher ozone columns than those fa@tSA. If four sub-windows in the pm band are checked
for consistency, retrievals using GEISA or S&MPQgmaeters show less dispersion than those using AIN[R
where one window in thB-branch of thes: + vz band gives about 2% lower results than the ottmeret The
atmospheric observations are corroborated by @tdi@mparison of the spectroscopic databases, asggple
statistical analysis based on intensity weightegcspscopic parameters. The bias introduced bymtighted
average approach is investigated and it is neddigibbelative differences between databases daowelate with
line intensities. This is the case for the compmarisf HITRAN with GEISA in the 1(im region and the agreement
between the simple analysis and the full retrievddetter than 0.1%. At bm biases might be as high as 1.4%,
and the proposed method is thus limited to the dared of accuracy. Implications of the new datadatabase
improvements and further studies, in particulathi; 5um region, are discussed.
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Site-dependent study (Paris, Jungfraujoch and Wollo ngong) of the seasonal
variability of surface and column carbon monoxide b etween 2009 and
2013: identification of a 2-month time-lag
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Atmospheric carbon monoxide (CO) is a key specigs t its toxicity and its impact on the atmospheri
oxidizing capacity, both factors affecting air gtyalWhile CO is predominantly lost through reactiwith the
hydroxyl radical (OH), the major sources of CO dneerse: fuel and energy related industries, hgatmnotor
vehicle transport, biomass burning, and the seagnobéidation of methane and of volatile organic gamunds
such as isoprene and terpene, which are emittedaloys.

Ground-based high-resolution FTIR remote sensingeaused to validate satellite and atmosphericatiragl
data, but also to study the seasonal variabilitgtofospheric trace gases. Here, the seasonalipdé obtained
from total and partial columns, at three differsites: Paris megacity and high mountain Jungfrdujacthe
Northern Hemisphere and urban Wollongong in thetl®m Hemisphere [1]. The CO total columns show a
maximum around March-April and a minimum around t8eypber-October in the Northern Hemisphere. In the
Southern Hemisphere, the seasonal pattern is ghiffeabout 6 months. The ground-based FTIR data are
compared to satellite data from 1ASI-MetOp and MOPIinstruments as well as to chemical transport ehod
calculations using GEOS-Chem. Satellite data issisbent with ground-based observations and modseiltse
reproduce the observed total CO seasonal variabfitiditional in situ surface measurements of CQurte
mixing ratios are used to observe the CO surfaasas®lity of each site. Depending on the magnitfdecal
emissions, our study shows a significant time dlefiveen surface and total column seasonal vaitiabil
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Ozone Bond resonant states near the dissociation threshold
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The new potential energy surface of ozone recently developed®? is used to determine energies of vibrational bound
states and predissociation resonances of Os. For the vibrational state calculations, the hyperspherical coordinates
and the methods of slow-variable discretization with a complex absorbing potential are used®. Results obtained in
this study perfectly agree with previous calculations and reproduce the experimental energies up to the 8000 cm'®
region. Coupling between the three potential wells of the ozone molecule istaken into account, which isimportant
for the correct description of excited vibrational levels and resonances. Symmetric and asymmetric isotopologues
can be treated. For symmetric i sotopologues, levels of al possibleirreducibl e representations have been calculated
and widths of the resonances in the region 0-1500 cm* above dissociation have been determined.

The widths are mostly between 0.1 cm® and 10 cm?, depending on the nature of the short-range part of the
resonance wave functions : Resonances may differ by the degree of vibrational excitation and also by the relative
angular momentum of the dissociating O-O, system, which can aso be viewed as motion between the three
potential wells. Wave functions of the predissociation resonances obtained for asymmetric molecules provide
information about the exchange reaction *O + YOYO — YO + *OYO.
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Absorption cross-sections of CHsD in the infrared for low-T atmospheric and
planetary applications: ab initio predictions and experimental validations
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Global calculations of rovibrational spectra and dipole transition intensities of CHsD using our recent ab initio
dipole moment and potential surfaces [1-2] are reported. For afull account of symmetry properties, a variational
normal-mode tensor formalism is applied, the convergence of high-J cal culations being improved using vibrational
eigenfunctions with a compressed basis set for solving the rovibrational problem. We report detailed comparisons
between the global predictions and our recent high-resolution Fourier Transform room-temperature spectra
recorded up to 9000 cm®. The agreement is good over the whole spectral range.
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First principles calculation of energy levels and rovibrational spectra for CF4 and SiH4
molecules
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New potential energy surfaces (PES) and dipole nrmbrmerfaces (DMS) of molecules £SiHs were constructed
using extende@b initio CCSD(T) calculations. The empirical PES [1] cofi@mt was applied SilHfor to improve the
precision of spectra calculation. The dipole monsenfaces (DMS) of molecules Sildnd Ck were constructed. The
PES[1] and DMS[2] analytical representation areedatned through an expansion in symmetry adaptedymts of
internal nonlinear coordinates involving parametep to the 8 order and B order. Lower rovibrational levels were
calculated and compared with observed values.calmilated spectra of SiH4 were compared with PNIJdatabase
and calculated spectra of ref [5].

This work is supported by French-Russian LIA “SAMIA. S. Chizhmakovahanks the Tomsk State University and
Academic D.l. Mendeleev Fund Program.
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Ab initio calculation of ro-vibrational spectra for five isotopologues of GeHs molecule
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Improved potential energy surface (PES) of moledaét: was constructed using extendakl initio CCSD(T)
calculations. The empirical PES [1] correction vegplied to improve the precision of spectra cakboiha Calculated
energy levels were compared with observed valuevi® most abundant isotopologues. New dipole marsarface [2]
of GeH, was calculated up to th& érder. The spectra calculated for natural aburelahfive GeH isotopologues®®Ge
(20.84 %),°Ge (27.54 %)7°Ge (7.73 %)/*Ge (36.28 %)/5Ge (7.61%) were compared with PNNL [3] database& Th
work is partly supported by French-Russian LIA SAMAnd Tomsk State University Mendeleev program.

This work is supported by French-Russian LIA “SAMIAA. Rodina thanks the Tomsk State University #&whdemic
D.l. Mendeleev Fund Program.
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Isotopic effects in phosphine IR spectra undes D substitutions are considered for the sequencsatbpic
species P& PH.D, PHD,, and PD. Particular focus is on the state/polyad and amoespondence for symmetry
breaking (Gv— Cs) substitutions. All calculations are based onalumitio potential and dipole moment surfaces
[1, 2] using variational normal mode calculatiombe effects of this substitution were studied fritvaoretical
considerations throught nonlinear normal mode doatd transformations and symmetry considerations.
Calculated rovibrational line intensities surfaegsee quite well with those available in the litara [3-6]. This
work provides the first theoretical predictionsphiosphine isotopologue spectra using the variataparoach.
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Recent updates in the TheoReTS database
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Knowledge of intensities of rovibrational transitions of various molecules and theirs isotopic species in wide
spectral and temperature rangesis essential for the modeling of optical properties of planetary atmospheres, brown
dwarfs and for other astrophysical applications. This demonstrates the necessity of having adequate and reliable
molecular line lists. The TheoReTS (Theoretical Reims Tomsk Spectra) project [1] aims at providing complete
and comprehensive lists of transitions based on accurate ab initio and variational calculations for a large variety
of highly symmetric molecular species as CHa, PHs, CoHa, SiH4, CH3F including all isotopologues. Predicted hot
methane and ethylene line lists are aso included. In case of very large high-temperature line lists, a data
compression isimplemented for fast interactive spectrasimulations of a quasi-continual absorption dueto big line
density. Calculations on new molecular systems are currently in progress (CHsCl, CHsl, GeHa, CF4, H2CO, SOzF,
etc).

The information system provides the associated software for spectra simulation including absorption coefficient,
absorption and emission cross-sections, transmittance and radiance. The simulations alow Lorentz, Gauss and
Voigt line shapes. Rectangular, triangular, Lorentzian, Gaussian, sinc and sinc squared apparatus function can be
used with user-defined specifications for broadening parameters and spectral resolution.

The systemisfreely accessible via internet on the two mirror sites: in Reims, France (http://theorets.univ-reims.fr)
and in Tomsk, Russia (http://theorets.tsu.ru).
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Water vapor has dense absorption spectrum theréfésen important greenhouse gas and has agsafiect
on the Earth’s Energy balance. There are two paicsources of WV measurements: in-situ radioscane
remote sensing measurement with radiometers tileteuvater vapor absorption line, for example tree at
183.31 GHz. Satellite and radiosonde measuremantsat be compared directly because of their diffenature.
We can use the profiles measured by the radiosoasles input data for a radiative transfer model tuen
compare the output of the model with the satetlida [1]. Recently bias at measurements of WV bgther
prediction model and radiosondes versus satelldasurements was found [2]. To achieve clearer ghiser of
the characteristics of the bias and identify kndaiases and thus possible sources of uncertairita@st‘workshop
on uncertainties at 183 GHz (June 2015, Paris,de)awas held. Aftermath paper was published whieee t
summary and recommendations were formulated [3].

Objective of this study is to make a closure stafi§83.31 GHz satellite and radiosonde measurentertiseck
the agreement between them. To accomplish this tilieed the Global Climate Observing System (GCOS)
Reference Upper-Air Network (GRUAN) processed radiwle data for 5 stations around the globe. We disied
for three microwave sensors the Microwave Humiddtyunder (MHS), Advanced Technology Microwave
Sounder (ATMS) and the Sondeur Atmosphérique diilRtblumidité Intertropicale par Radiométrie (SARR).
We examined data from 2009 to 2015. We used thegpimeric Radiative Transfer Simulator (ARTS) todate
radiosonde profiles.

The results indicate that bias found in [2], isg@®. The magnitude of the bias is smaller than pragiously
reported. We have used 3 microwave sensors, wiaed thannels on the different distance from théeced the
absorption line. With special care we have investid the effects of known uncertainties in absorptine
parameters on the bias — line intensity, self- aindbroadened width of the line as well as unceti@s in water
vapor continua. Changing these parameters havéisag impact on the bias magnitude.
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We present a new “spectroscopic” potential enewgiase (PES) andb initio dipole moment surface (DMS)
for 1“NHgs, to be used in production of a new high-accuramglikt. Line intensities calculated using our DMS
display significantly less scatter than those ofT@Yin the 4700-5000 cfnand 6300-7000 cthregions, when
compared to HITRAN. This results in, on averag@0&b improvement on medium lines in the 4700-5006 cm
region, and a 10% improvement on strong linesénaB00-7000 crhregion. We also report a 10% improvement
on strong lines in the 7400-8000 ¢megion when compared to the newly assigned KiikPgpectra [4]. Further
high-accuracy experiment is in progress to procioi@parison at 6000 ckhnSpectral measurements around 7180
cnt! using second-harmonic wavelength modulation spectipy are also being recorded, with a view togisin
the subsequent assignments to further improvepmatoscopic PES. This has been obtained by usangrogram
TROVE [1] to refine the parameters of the receghkaccuracyab initio PES [2] via a least-squares fitting to
experimental data [3,4].
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A variationally computed T = 300 K Raman and electric quadrupole line lists for
NH3s
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We present the first ever variationally computed-nesonant Raman and electric quadrupole tranditien
lists for NH; in gas-phase. The line lists were generated usiagrogram suite TROVE [1,2], where we have
implemented the new module for computing the raatibnal matrix elements and transition moments@dtec
polarizability and quadrupole moment tensors [3¢ nployed the accurate ‘spectroscopic’ PES ofgddl the
newly computed high-levedb initio electric quadrupole moment and electric dipoleapmbbility surfaces. Our
quadrupole transition line list comprises of 844&D#ransitions, and our Raman line list compride85794915
scattering probabilities evaluated &taihd 90 to the incident wavevector. These are construfrted 299324
rovibratioal energy levels below 14000 ¢rhaving J values <=20, and are therefore applicéireuse at
temperatures up to 300 K.
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Non-adiabatic effects on the high-resolution spectr oscopic properties of LiH
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Non-adiabatic vibrational calculations perfodmeith the accuracy of 0.2 cispanning the whole energy

spectrum up to the dissociation limit ftuiH are reported. A so far un- known v = 23 enelepel is predicted. A
key feature of the approach used in the calculatisra valence-bond (VB) based procedure for déténmthe
effective masses of the two vibrating atoms, wiiepend on the internuclear distance, R. It is faiad all LiH
electrons participate in the vibrational motion.eTR-dependent masses are obtained from the analysie
simple VB two-configuration ionic-covalent repretaion of the electronic wave function. These firghi are
consistent with an interpretation of the chemicahdb in LiH as a quantum mechanical superpositioor-
electron ionic and covalent states [1].
Following on from this, we have computed a new @ipnoment curve [2] using all-particle explicitlpreelated
Gaussian functions with shifted centres. The exoept accuracy of this dipole moment curve as wslbf the
potential energy curve obtained with the same ntgthuen coupled with the effective vibrational redd mass
approach to handle non-adiabatic effects, pernoitsputation of very accurate Einstein coeffici@énExamples
are presented at the conference.
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Frequency analysis of the (vs,v7,v9) bending triad of SO2F2using the Co,, Top Data
System
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A new high-resolution infrared spectrum of the, {7, vo) bending triad of S& in the 550 cm region has
been recorded at 165 K using a multi-pass celt¢lipled to a high-resolution Bruker IFS 125 intesfeeter with
a spectral resolution of 0.00102 ¢ocated at the AILES beamline of the SOLEIL Symtton.
The analysis of the triad has been performed thamkseC,,TDSprogram suite based on the tensorial formalism
adapted to the case #fY>Z,asymmetric-top molecules wit@,, symmetry developed by Rotget al. in the
0335Ty2C,y group chain [2]. This approach allows a systematjgansion of the Hamiltonian and dipole moment
operators, including all possible interactionsdagiven rovibrational polyad system.
In this work, we present the first results of onalgsis for the s, vz, vo) triad. At present a total of 2634 lines
have been assigned and fitted in frequency witlohad root mean square deviation (RMS) of 08112 cntt.
This result improves the previous analysis [3].
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Analysis of the v2 band of the Quasi-Spherical Top Molecule SO2zF2
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Sulfuryl fluoride (SQF,) appeared recently as an important atmospherilutpot [1]. It also presents a
fundamental interest due to its nearly tetraheslyaimetry, making it an intermediate case betweéersal and
asymmetric-top molecules. That is why, modeling #issorption spectrum of SE» is essential both for
atmospheric concentration measurements and thealratipects of spectroscopy.

The infrared spectrum of the fundamental band of SB; has been recorded with a resolution of 0.00102 cm
using the FTIR Bruker HR125 at the AILES beamlifigh® SOLEIL Synchrotron facility. A cryogenic milt
pass cell equipped with diamond windows [2] hasnbemnnected to the interferometer. The pressutkercell
was maintained at 1.991.02 mbar at T = 165 K.

The analysis of the symmetric S§tretching vibratiomas been performed used a specific model and pregra
based on tensorial formalism, group theory andatibnal extrapolation method adapted to the casthief
molecule [3].

More than 1600 transitions have been assignediti@d with a standard deviation of about 0.289°3 cntt. A
set of 7 effective parameters was determined. Thesdts are compared to those obtained with thssidal
approach [4].
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Fourier transform spectrum of water vapor around 1.07 pm atmospheric
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About 1000 weak absorption lines of water vaporramerded at a room temperature between 9100 and
9800 cmt using Fourier transform spectrometer connecteld 8ftmeter gas cell. The line centers and intesssiti
are retrieved from a line shape fitting assuminipagt profile. The uncertainty of the line posit®of the isolated
lines is estimated to be of 0.001¢@nd better. The accuracy of measured intensitides/ from 3% for isolated
lines of medium intensity to 15-20% in case of wardknes. A sensitivity provided by the experimérstat up
allows recording the absorption lines as weak 82132 cm/molecule.

Detailed comparison of the new recordings withrelibvant experimental data, collected and veriiired
[1], as well as with recent variational calculasas presented. About 160 absorption lines of weagor were
observed for the first time. Forty transitions itwmog new upper energy levels and mostly belongothe highly
excited &, band were identified based on the accurate vanalicalculations. The substantial disagreements
between the presently recorded and previously kneater vapor line positions and intensities areuised. As
a whole, the new experimental information obtaimethis study will help to clarify a weak absorptioaused by
water vapor in the 9100-9800 ¢ratmospheric transparency window important for miner of applications, e.g.
retrieval of the continuum absorption.

This research was supported by the grant of Ru&i@nce Foundation, project 16-17-10096.
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Analysis of line parameters of the H20 molecule in spectral region 6700 and 7650
cm?
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We present the measurements of line parameter®fation-vibration transitions of water vapor irettvave
number range of 6700-7650 Thusing a Bruker IFS 125 HR Fourier transform spmeungter [1]. Room
temperature spectra of water vapor have been meghstith high signal to noise ratio in a wide rang@ressure
of hydrogen , helium and argon with spectral resotuof 0.01 cm®. The signal-to-noise ratio was typically
several thousands for the strongest transition. Sffeetra of each 4@ line have been adjusted using a multi-
spectrum fitting procedure with speed-dependeddimgpe modelThe intensities and broadening parameters
(self- and foreign- gas broadening and pressuife-ahefficients) for HO spectral lines of 5 vibrational bands
2vo+vs, V1, V1 +2V5, v3, Vit vzare measured. The data obtained is compared taimgueal and theoretical
literature ones.

The work is supported byussian Foundation for Basic Research, grant 166808
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Precise line-shape investigation of the oxygen B-ba nd transitions
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We present precise line-shape measurements diselfiened transitions of the oxygen B band neaelgagth
689 nm. Data were acquired using the optical fraguecomb-assisted Pound-Drever-Hall-locked frequenc
stabilized cavity ring-down spectrometer (OFC-desi$?DH-locked FS-CRDS) [1-3]. This technique eaalb
achieve high spectral resolution (well below 1 Mz high signal-to-noise ratio spectra (above 0000of
relatively weak B-band transitions. The data analysas performed with several line-shape modelse Th
multispectrum fitting technique was used to minienéorrelation between line-shape parameters. Wastigated
the limitations of the commonly used Voigt profded discussed the influence of the spectral lirsggsimodel
used in data analysis on determined line-shapeygess. Our results show that for the signal-tes@agatio of
our laboratory data the Voigt profile is insuffinteto properly describe measured spectra. The e d/oigt
profile leads to even several percent systematar&of line-shape parameters. We show that ifitleeshape
analysis the line narrowing described by velocitginging collisions or/and the speed dependencellidional
broadening needs to be taken into account. We pirése consistent line-shape parameters datasainedtfrom
the speed-dependent Voigt profile fits [4]. We mepime positions with accuracy reaching 150 kHzwadl as
intensities and the collisional broadening andtstgfcoefficients with subpercent uncertainties e compare
our results to data available in the literaturéuding HITRAN database.

We also determined absolute frequency of the P@xyden B-band transition in reference to the stuontoptical
atomic clock. The use 8%Sr clock working oS, — 3Py transition as an optical frequency reference esthbs to
avoid systematic errors present in previous measemes [5,6]. The link between the CRDS spectroneeterthe
clock was made with the OFC. During the line-shaasurements frequency of each point of the spactras
referenced to the frequency of the clock transitialh necessary equipment used the same 10 MHzeaede
signal from the hydrogen maser [7] transferred 8§ Bm fibre link [6,8]. Data analysis showed aboné order
of magnitude reduction of the line position uncietta compared to our previous results. This is aopof-
principle experiment that demonstrates applicabibthe optical atomic clock in the molecular spestopy.
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Modern spectrometers are capable of providing spewith the ultra-high signal-to-noise-ratio exciegd1 (.
Such precise spectroscopic data require propelysisain terms of the line-shape models which shdwed
supplemented by neglected so far very subtle phlysifects. Here we present the dispersion andivisigc
corrections to the line shapes on an example gilsiGaussian and Voigt profiles.

We consider the dispersion corrections including filequency dependence of the Doppler shifting edusy
dispersion [1,2] as well as by light frequency &tidn over the whole spectral line shape [2]. Theféects can
have non-negligible influence on the spectral §ihape and can affect it even at the level 6f[2]. The dispersion
correction may influence the determination of the position at the level of kHz.

Moreover, we developed the relativistic formulaa#sng the Voigt profile in the case of spontang@mission
[3]. We verified that our formula has a proper babain two asymptotic cases: the classical Voigtfie and the
relativistic Gaussian profile [4]. We presenteda#trrnative expression, which simplify numericahkesation for
the most physically meaningful weak-relativistigirae. We estimated that at room temperature tregivistic
correction can be at the level of40

The presented results are important for the Doppldth thermometry [1] and precise molecular spesstopy
for fundamental studies [5].

Références

[1] L. Gianfrani, Phil. Trans. R. Soc. 3V4, 20150047 (2016)
[2] S. Wojtewiczet al, Phys. Rev. 23, 042512 (2016)

[3] P. Wcistoet al, Phys. Rev. A1, 022508 (2015)

[4] Y.-S. Huanget al, Phys. Rev. /82, 010102(R) (2010)

[5] G. D. Dickensoret al, Phys. Rev. Lett1l10, 193601 (2013)

121



P2-34

Implementation of the exact-trajectory model in sem i-classical calculations of
line-shape parameters for XY 4-A2 systems: Symbolic computation and source
code generation

Mickaél Carlos 1, Tatyana Sinyakova 2, Tony Gabard 1 and Jeanna Buldyreva 2

1 Laboratoire Interdisciplinaire Carnot de BourgogrigMR CNRS 6303, Université Bourgogne Franche-Codnééenue Alain Savary, BP
47870, 21078 Dijon cedex, France

2 Institut UTINAM, UMR CNRS 6213, Université Bounged-ranche-Comté, 25030 Besangon cedex, France

* jeanna.buldyreva@univ-fcomte.fr

Recently, semi-classical calculations of collisional parameters for infrared absorption lines of methane
perturbed by the key atmospheric molecules N, O, and H» [1,2] were performed using symbolic computation
procedures and object-oriented source-code generation techniques. The theory is consistent with the so-called
tetrahedral formalism relevant to high resolution spectral analyses [3]. This approach takes also advantage of the
analytical resonance-function expressions resulting from the use of parabolic classical tragjectories for the relative
molecular motion. Large amounts of transitions, arising from the complex internal dynamics of CH4, could be
handled. These amounts increase rapidly as the wavenumber ranges under consideration become high.

During thelast years, the more advanced exact-trajectory model [4] based on the exact solutions of the classical
equations of motion in the field of an isotropic potential and requiring in consequence numerical integrations, has
proved its efficiency for various molecular systems of atmospheric interest, including absorbing molecules derived
from methane: CH3Cl [5], CH3D [6], etc. Inthiscontext, it appears crucial to implement exact classical trajectories
in the semi-classical calculations of methane line-shape parameters required for numerous applications in
planetology and astrophysics.

In the present work we outline the general scheme of the computation process which keeps the advantages of
the symbolic computation facilities and of the source-code generation techniques and introduces, simultaneously,
some specific procedures for the numerical integration with exact trajectories. The connection with necessary input
data (methane effective Hamiltonian models, corresponding eigenfunctions and eigenvalues, ...) isalso described.
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The GEISA-2015 spectroscopic database: context and new release
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A precise knowledge of spectroscopic data appele @t the root of the investigation of climate rufa
providing an improved understanding of the différphenomena driving the atmospheric system. Treadlr
important role of molecular spectroscopy in atmesjmresearch has entered a new promising perspegthase
for remote sensing applications (meteorology, dottgy, chemistry) with the advent of highly sopliated and
resolved instrumentations like AIRS (2002), IASO(B, 2012 and 2017), TANSO-FTS(2009) and Crls (2011
In this context, the ARA/ABC(t) group at LMDlevelops and maintains since 1974, the GEISA da@mGestion
et Etude des Informations Spectroscopiques Atmogpres: Management and Study of Atmospheric
Spectroscopic InformatiSnGEISA has been at the heart of state-of-the-evelbpments in spectroscopy and
radiative transfer modelling to meet the needshefihternational space agencies, by collectinghiairng and
distributing all the necessary inputs for atmosjheadiative transfer models.

The 2015 release GFEISA (J. Mol. Spectr., 2016), which updates the lagtatof 2012 and celebrates
the 40" anniversaryof the database, will be presented. Significamtatgs and additions have been implemented
in the three independent sub-databases of GEISA:201

- The “line parameters database” contains 52 mtdespecies (113 isotopologues) and transitionberspectral
range from 16 to 35,877.031 crh representing 5,059,777 entries, against 3,79412GEISA-2011. Among the
previously existing molecules, 20 molecular spebi@ge been updated. A new molecule {Siias been added.
HDO, isotopologue of kD, is now identified as an independent molecul&cis.Six new isotopologues have
been added.

-.The “cross section sub-database” has been edrizh¢he addition of 43 new molecular speciessnrifrared
part, 4 molecules (ethane, propane, acetone, aré&rare also updated; they represent 3% ofiheate. A new
section is added, in the near-infrared spectrabregnvolving 7 molecular species: GEN, CHsl, CH30,, H.CO,

HO,, HONO, NH;.

-.The “microphysical and optical properties of aipberic aerosols sub-database” has been updatéueffirst

time since 2003. It contains more than 40 specigiating from NCAR and 20 from th&RIA archiveof Oxford

University.

As for the previous versions, this new releas&BfSA and associated management software facilities
are implemented and freely accessible onMERIS/ESPRIatmospheric chemistry data center weBsités used
on-line by more than 300 laboratories working irrimas domains like atmospheric physics, planetology
astronomy, astrophysics.

GEISA line parameter database is the referenceuioent or planned TIR SWIR space missions and it
is associated with the work in progress in the CNHENINGE scientific group for the future of the IAS
instruments (IASI-NG).

1 http://ara.abct.Imd.polytechnique.fr

2 Jacquinet-Husson et al., JQSRT 112, 2395-2445 §2011

3 GEISA workshop, June 2014, Paris, http://www.Imssjeu.fr/geisa2014/
4 http: http://cds-espri.ipsl.fr/etherTypo/?id=950
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Although solution of the diatomic nuclear motiorolplem for a single, uncoupled potential energyweus
standard [1], there appears to be no general ronibprogram available for diatomics characteribgaomplex
interactions between electronic states. We havefine developed a new computational tool, Duot2fill this
gap. Duo is a flexible, user-friendly program cdpadf solving the Schrddinger equation for the pacimotion
of a general diatomic molecule with an arbitrarynfoer and type of coupling between electronic stafbée
program allows one to build diatomic ‘projectsirfr a set of pre-defined objects such as potentiedgy and
dipole moment functions, spin-orbit, electronic alag momentum, spin-rotationaf\-doubling terms etc. From
these objects Duo computes energy levels, lindiposiand line intensities. Duo can refine potdmrgergy and
coupling curves to best reproduce reference dath as experimental energy levels or line positidnso is
currently being used as a diatomic computationallds part of the ExoMol project [3]. ExoMol aintsggroduce
a comprehensive database of high-temperatureifiteefbr molecules, which may be present in theoapheres
of exoplanets, planetary disks, brown dwarfs ara stars. Examples include line lists for AIO [&GH [5], CaO
[6], VO [7], PO, PS, NO, NS, PS and.C
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The high resolution (0.003 cm?) spectra of 80 enriched isotopic species of ozone have been recorded in the 1000-
5800 cmt domain with the GSMA homemade spectrometer described in [1, 2]. In order to discriminate between
the different O enriched sample of ozone, several spectrawith various mixtures of 20 -6 O have been used, as
explained in [3, 4]. Analyses were performed using effective Hamiltonians described in [2], and the G.I.P code
[5]. A total of 13609 lines have been observed and assigned, corresponding to 27 bands: 17 dark states have in
addition been included in these analyses. The comparisons of Hamiltonian parameters (band centers and rotational
constants) between the present results of our analyses and their variational predictions [6], are very satisfactorily.
The derived parameters (Hamiltonian and transition moments) permitted constructing a full line list of 64500
transitions in the considered spectral range. We also present one particular analysis (Hamiltonian parameters,
transition moment, statistics of the fits and comparison between observed and calculated spectrum). The support
from Mendeleev funding program of TSU is acknowledged.
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Despite a relatively weak abundance in atmosplspectra: respectively 0.074 % and 0.037 %490t°0*’O and
16070%0, many lines of thes band are clearly visible in atmospheric spectia Yery recently, diode laser
spectra [2] showed good agreement between 13fimé%0'°0’0, but differences on the order of a few*In

L for 15 transitions of®0’0'%0, with respect to HITRAN database [3], based orkwof references [4, 5].
New spectra have been recorded with the GSMA sp@etier [6], using ozone generated fréf®@ 70.2 %
enriched oxygen atoms.

564 transitions, with J up to 51 and#13 have been fitted, using well known procediielfading to amms of
0.58x1@ cn.

The Hamiltonian parameters allow to perform a niee-list, in good agreement with the observatioh@p

We present the experimental conditions, the tabfegarameters and some examples of agreements dretwe
observed and synthetic spectra.
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Ozone is an important minor constituent of the Earatmosphere. It plays a significant role in aspiweric
radiative transfer and tropospheric chemistry as the third largest contributor to greenhouseatage forcing
after CQ and CH. So, long-term measurements of tropospheric obawe been performed globally for more
than 30 years with UV photometers (ground basetduments as Dobson and/or Brewer and balloons).

In the UV-Visible range, 240-790 nm region, theabsorption cross-sections can be separated intsfstems:
the Hartley band, the Huggins bands, the Chapps band the Wulf bands.

For all these bands there exists a large numbdabafratory measurements using different spectrametad

experimental conditions. Many measurements hava pablished in the past 20 years (see IGACO weljkjte
and [2]) and recently, studies have been perforinyediallon et al. [3] and Serdyuchenko et al. [4-5]

As the ozone laboratory data available today ddithatl the requirements of the last ACSO rep®tl5 [6], this
committee recommends continuing the different éffor measuring Ozone Absorption cross-sectioifiarent
laboratories.

For the first time, we have used the DESIRS Beamiifthe French SOLEIL synchrotron to record thsoajption
cross-sections of ozone in the 200-300 nm range.
The results will be presented and comparisons rigious measurements will be discussed.
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Theabinitio calculation of transition intensities and of vitioaal and rovibrational levels of CO are presented
These calculations extend up to 30006 amd v=16 for vibrations and 40 000 ¢end J=116 for rotational levels.
Unprecedented accuracy for energy levels is acHievgetter than 0.1 ctn Theab initio accuracy for intensities
for bands up to 0-6 at the percent and subperegat is also achieved.

We used all electron MRCI calculations with thehagt available basis set in the MOLPRO package. The
aug-cc-pCV6Z results are extrapolated to the cotaasis set limit (CBS). First and second orditikéstic
corrections and adiabatic corrections are alsaided. The accuracy of the pure rotational energglsewithin
the first 16 vibrational states is three ordersmafnitude better than the best published results.

For calculating intensities we used all electron ®iRalculations with different size extensivity oactions
and with the biggest available basis set. Thesaltsegre significantly better than the previous ialtio
calculations, for example for 0-6 band, we proviae sub percentage accuracy using purely ab icaticulations
of the dipole moment curve. Comparison with the ezipental intensities [1,2] will be presented. New
experimental measurements of intensities are maddirst three bands 0-1, 0-2, 0-3 of CO. The detaf
experiment will be presented and their comparisdh mew ab initio calculations will be given.

The ab initio model for CO was used to assist the constructfantigh accuracy model for Gntensities

3].
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Global ab initio potential energy surface for the isomerising HCN-HNC
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A new global purely ab initio potential energy surface for the HCN-HNC isomerising [1] system is
presented. We show that this PES is a significant improvement on the previous ab initio global PES [2] as
well asthe global potential fitted to the observed energy levels[3].

This surface was built from 1856 points cal culated using MOLPRO with aug-cc-pCV6Z basis set at the all
electrons MRCI level of theory. These points were fitted to 272 parameters of analytical form of PES the
same as used in [2]. The ab initio points were reproduced by this surface with an accuracy of 2.58 cm2.,

The vibrational energy levels were calculated using the DVR3D program suite. At first, a purely BO PES
was used for the comparison with experimental energy levels. For HNC vibrational band origins we obtain
an order of magnitude improvement comparison with avail able experimental data, 19 levelswere calculated
with an accuracy 3.43 cm* for the energies up to 7200 cm. In HCN we obtained 2.25 cm! accuracy for
the energies up to 15000 cm* (50 levels). When we used BODC and relativistic correction of [1] this
standard deviation reduced to 1.6 cm2.

The comparison with the previous global PES of HCN/HNC [2,3] shows an improvement of one or two
orders of magnitude with ab initio results [2] and comparable accuracy with the fitted PES of [3] for the
low lying energies and an order of magnitude improvement for the energies between 10 000 cm* and 14
000 cmt.

Further improvement of the global PES will be presented at the conference. In particular BODC and
relativistic surface are now being calculated as well as aug-cc-pCV5Z basis set points for the extrapolation
to complete basis set.
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We present here an overview of 5 new water line listsincluding the main isotopologue and H,O, H,'%0, D20,
HDO. All the calculations were performed using DVR3D [1]. For al line lists we used ab initio dipole moment
surface from (DMS) [2].

The H210 line list, POKAZATEL, includes all the transitions involving energies up to 40 000 cmt and J up
to 72 and isdesigned for high temperature applications. We created potential energy surface (PES) using Varandas-
type analytical form and using two different data sets. The final PES was obtained by fitting to experimental energy
levels up to ~ 40 000cm* and rotational excitations up to J=5. Extension to rotational quantum numbers up to 72
covers al the bound state rotational excitations. Our PES is the most accurate global water PES available.

Thislinelist isnow complete and involves al the bound states up to dissociation and consists of 15 hillion
lines[4].

Hot line lists for two isotopologues of water, H,"O and H»*0, also are presented. We cover energies up to
30000 cmt and J up to 50. We fit Born-Oppenheimer (BO) mass-independent PES to the available experimental

data for H>'®0O and fix BO diagonal correction, mass-dependent surface to its ab initio value. For the fit we used
datafor J=0, 2, 5 rotational states.

We also present new room temperature line lists for DO and HDO. These are created using the methodology
of Lodi-Tennyson [3] for calculating uncertainties. For the uncertainties characterisation four subsidiary linelists
are computed using two PESes and two DM Ses. These linelists are suitable for inclusion in HITRAN.
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Several NHabsorption spectra recorded at room temperatuiteeinegion 9000 — 10,000 cnare analysed
using a variational line list, BYTe [1], and grousthte energies determined using the MARVEL proce{i2].
BYTe is used as a starting point to initialise gssients by combination differences and the metlidatanches
[3]. Recently, this technique was successfully egpto study room temperature hlbpectra in the region 7400
— 8640 crmt [4]. The current assignments in the region 900M;000 crt are presented. A recently calculated
purely ab initio PES of Nilhas been used to calculate rovibrational enenggldd5]. Comparison with assigned
levels shows better agreement than for BY Te betwbserved and calculated levels for some bands.

Références
[1] S. N. Yurchenko, R. J. Barber, J. Tennyson, Mdot. R. Astr. Soc413,1828 (2011)
[2] Al Derzi, T. Furtenbacher, J. Tennyson, S. Nirdhenko, A. G. Csaszar, J. Quant. Spectr. Rad. Tté4s117
(2015)
[3] O. L. Polyansky, N. F. Zobov, J. Tennyson, JLAtoski, P. F. Bernath, Astrophysical®9, L205 (1997)
[4] E. J. Barton, S. N. Yurchenko, J. Tennyson, $yuBer, A. Campargue, J. Mol. Spectrosc. Accepted§20
[5] O. L. Polyansky, R. I. Ovsyannikov, A. A. KyulierL. Lodi, J. Tennyson, A. Yachmenev, S. N. Yucko, N.F.
Zobov, J. Mol.Spectrosc. Accepted (2016)

131



P2-44

Analysis of 15NHs absorption spectra in the 2.3 pm atmospheric water window
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The absorption spectra 8NH; ammonia isotopologue were recorded in the 4275436 spectral range.
The experimental conditions covered the temperaturge from 180 to 296 K and pressures from 02Dtmbar
in a 7 m path long Herriot cell probed by a VeltiEaternal Cavity Surface Emitting Laser. A Fourieansform
spectrum was recorded at 296 K with 28 m path letgtomplement the room temperature data. Thesgtrsp
were used to continue our work [1] 8iWH3 transitions characterisation (quantum state assig and line shape
parameter determination) in this important atmosphgindow, suitable for trace gas measurementsidgs the
spectroscopic description of this ammonia isotogot the goal of the presented work is to testirtiproved
method for measurements of lower state energigsanéitions [2] with datasets from completely indegent
sources (laser absorption and Fourier transforrotspan this case).
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Itis well known that collisional line-mixing caigsificantly affect the absorption spectral shawbgen lines cannot
be considered as collisionally “isolated”, espdgialhen transitions strongly overlap each otherifistance, in the
molecular band heads. This effect needs to be ssielleand accounted for many important atmospheasesy
including CQ, Os, N2O, CO, CH, O;and NH. For CQ and CH, the two most important anthropogenic greenhouse
gases, line-mixing effect needs to be taken intmakt for accurate retrievals of @Or CH: abundances in the
atmosphere of the earth but also of other platetbis presentation, these observations are hygtdd and the need
to understand atmospheric €@nd CH retrievals relevant to several key areas sucliragte change, carbon cycle,
air quality and remote sensing are recalled. Tlygex A-band, used as a benchmark by these remumganissions,
being known to have strong line mixing also reqalite accurate parametrization.

The HITRAN2012 database[1] has already includeditteemixing parameters for CO and,owever without
providing guidance or tools for users to implemirgise parameters in their calculations. The neuctstre of the
HITRAN database[2] and the HITRAN Application Pragrming Interface (HAPI)[3] allow for the inclusiafi line-
mixing parameters in the database and provide fooltheir implementation. There is a sufficientent of data for
line-mixing in the literature, however, in diffeteiormalisms and at different levels of approxiroati

The poster will explain the efforts towards accondating the line-mixing effect for GON.O, CO, CH and Q
in the HITRAN2016 database.
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Thiswork is devoted to the rovibrational assignment and analysis of the 3CH4 spectrum in the 4970-5600 cn
! range corresponding to lower part of the Tetradecad. A high resolution spectrum of *C-enriched CH,4 gas sample
was recorded at 80 K using the custom-designed multipass cryogenic Herriott cell [1] configured to a high-
resolution Fourier transform spectrometer, Bruker IFS-125HR, at the Jet Propulsion Laboratory. The spectral
resol ution (unappodized) was 0.0044 cm* and the sample pressure was 5.12 Torr. The observed line positions are
determined through peak-finder with the precision of 0.0003 cnm2.

Theinitial assignment was made using effective Hamiltonian derived by high-order Contact Transformations
(CT) [2] from the ab initio potential energy surface [3] and variational calculations [4] using ab initio dipole
moment surface [5]. A part of the effective Hamiltonian parameters specific to the Tetradecad was previoudy
determined during the analysis of **CH, laser absorption spectrum in the 5853-6200 cm* spectral range [6]. At
this step of the study about 1900 of 2580 observed lines are rovibrationally assigned belonging to 6 cold bands.
The corresponding line list and Obs.-Calc. statistics will be discussed.®
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The absorption of carbon dioxide is very weak r&anum which makes this spectral window of particiterest
to study the lower atmosphere of Venus in the 25ki#0altitude range and measure abundances of carbon
monoxide, carbonyl sulfide, water vapor, sulfurxi@® and hydrofluoric acid [1,2]. This implies thecurate
characterization of carbon dioxide absorption whglthe main source of opacity in the window. Toacity
results from the contributions of the local absiamptines absorption due to the rovibrational tidoss of the
monomer and of the “continuum” absorption.

In this work, we use the Cavity Ring Down Spectopsc(CRDS) technique for a high sensitivity chagaization

of the CQ absorption spectrum in two spectral intervalshef 2.3 um window: 4248-4257 and 4295-43806'cm
which were accessed using a Distributed Feed BR€IB) diode laser and a Vertical External Cavity fSce
Emitting Laser (VECSEL) as light sources, respedyivThe achieved sensitivity (noise equivalentaapson,
Omin, ON the order of 5x1¥ cnT?) allowed detecting numerous new transitions witensity values down to 5x10
30 cm/molecule. The rovibrational assignments werfop@ed by comparison with available theoreticagliists

in particular those obtained at IAO Tomsk using ghabal effective operator approach. Hot bandshefrnain
isotopologue and®0?C*0 bands were found to be missing in the HITRAN base while they contribute
importantly to the absorption in the region.

Additional CRDS spectra of a G&ample highly enriched i#*O were recorded in order to improve the
spectroscopy of th&f0?C80 isotopologue. As a result about 700 linest%C80, 02C0, O8O,
12C*0, and3C'®0, were newly measured.

CO; continuum was also determined from in flow CRD$eariments at different pressures between 250 Tatr a
750 Torr where pure GQand synthetic air were alternatively passed thinailng high finesse cell keeping the
pressure constant. After subtraction of the monasoatribution, absorption coefficients normalizedhwvdensity
have been retrieved between 4320 and 4388 dihey increase from ~2x£&nt Amagat® near 4330 cmito
4.5x108 cnt* Amagat® around 4380 crhcorresponding to the centre of a CIA band. Thedees show a good
agreement with the ones derived from [3] despitedifference in densities.
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Monitoring the abundance and distribution of dominant chemical compoundsis critical for understanding the
photochemistry and dynamics of planetary and terrestrial atmospheres. Ethylene (C;H4) was detected in the
atmospheres of the outer solar system bodiesincluding Jupiter [1] and Saturn [2]. Thismoleculeis also observed
in the terrestrial atmosphere as a tropospheric pollutant produced by automobiles, forest fires and plant life [3].

We have measured the O,-broadening coefficients of ethyleneinthe A-type vz + vg band at room temperature.
These lines are located in the spectral range 1824-1951 cm?. The lines were fitted with a single-spectrum non-
linear least squares fitting procedure of Voigt profiles which appeared to properly model the observed molecular
line shapes within the noise level. These coefficients are compared to the results of theoretical calculations based
on the semiclassical Robert-Bonamy formalism [4] in which the intermolecular potential includes electrostatic
and dispersion energy contributions.

The variation of these coefficients with quantum numbers is examined. The results confirm the typical
decrease of the O.-broadening coefficients with increasing rotational quantum number J. For a given J, these
coefficients increase with the quantum number K, up to a maximum then decrease. The calculated results are
generaly in satisfactory agreement with experimental data.
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Global analysis of the high temperature infrared emission spectrum of 12CHa in
the dyad v2/vs region

Badr Amyayl, Maud Louviotl, Olivier Piraliz’s, Robert Georges4, Jean Vander Auweras, Vincent
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We report new assignments of vibration-rotatiom Ipositions of methané?CH,) in the so-called Dya6l/vs)
region (1000 — 1500 cr), and the resulting update of the vibration-ratatieffective model of methane,
previously reported by Nikitiet al [1], up to and including the Tetradecad. Higroheson (0.01 cmt) emission
spectra of methane have been recorded up to ald@@ K using the high-enthalpy source developedP& |
associated with the Fourier transform spectromefethe SOLEIL synchrotron facility (AILES beamline)
Analysis of these spectra allowed extending rotai@ssignments in the well-known cold band (Dya#l}-&nd
related hot bands in the Pentad-Dyad system (3608 ap toJmax= 30 and 29, respectively. In addition, 8512
new transitions belonging to the Octad—Pentaddqup-t28) and Tetradecad—Octad (udto21) hot band systems
were successfully identified. As a result, the M8Da database of methane was significantly improvVed.line
positions assigned in this work, together with ififermation available in the literature, were fittesing 1096
effective parameters with a dimensionless standaviationv = 2.09. The root mean square deviatidrgs are
3.60 x 102 cnttfor Dyad—GS cold band, 4.47 102 cnt for the Pentad—Dyad, 5.48 102 cnt* for the Octad—
Pentad and 4.7& 1073 cnt? for the Tetradecad—Octad hot bands. The resuttavg line list will contribute to
improve opacity and radiative transfer models for dtmospheres, such as those of hot-Jupiter typelanets.
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Precision Measurements of Spectroscopic Parameters in Atmospheric Relevant
Molecules

Livio Gianfrani

Dipartimento di Matematica e Fisica, Seconda Ursitérdegli studi di Napoli, Viale Lincoln 5, I-81a@aserta, Italy
livio.gianfrani@unina2.it

Spectroscopic parameters (namely, line intensiiofa, pressure broadening and shifting coeffisiehave been
accurately determined for atmospheric relevant maés, in the near-IR portion of the electromagnsgiectrum.
Two different approaches were implemented: the &r¢at the wavelength of 1.4 um) is based upomugecof a
pair of phase-locked extended cavity diode lasks3][ while the latter (at the wavelength of 2 pmgkes use of
a self-referenced optical frequency comb synthedize frequency calibration purposes. In both casegh
spectral fidelity is pursued in recording the alpsion line shapes. The spectral analysis procedunich is
another key factor for high-quality determinatioissperformed by using a global approach. Thigtat applied
to fit simultaneously a manifold of experimentabfiles across a given range of pressures, shariagtacted
number of unknown parameters [1]. Recent resultgioéd for HO, GH» and CQ molecules will be illustrated.
Furthermore, the performance of a variety of seassitcal line shape models will be discussed, wiphréicular
focus on the partially-correlated quadratic speegetident hard collision model (the so-called Hamnim@ran
profile, or HTP model), which is currently the remmended profile to replace the Voigt convolutiontfee shape
of an isolated line [4].
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Accurate laser measurements of the water vapor self-continuum absorption in
four near infrared atmospheric windows: A test of the MT_CKD model

Alain Campargue*, Samir Kassi, Didier Mondelain, Daniele Romanini and S. Vasilchenko

University Grenoble Alpes, LIPhy, F-38000 Grenoble, France
* Alain.Campargue@univ-grenoble-al pes.fr

The semi empirical MT_CKD model of the absorptiamtinuum of water vapor is widely used in atmospher
radiative transfer codes of the atmosphere of Eanth exoplanets but lacks of experimental validatio the
atmospheric windows. Recent laboratory measurem@ntSourier transform Spectroscopy have led to- self
continuum cross-sections much larger than the MTD@Hlues in the near infrared transparency windows.

In the present work, we report on accurate watpovabsorption continuum measurements by CavitgRin
Down Spectroscopy (CRDS) and Optical-Feedback-@&nthanced Laser Spectroscopy (OF-CEAS) at selected
spectral points of the transparency windows cedtareund 4.0, 2.1 and 1.25 um. The temperaturendiepee
of the absorption continuum at 4.38 um is measurmeithe 23-39 °C range. The self-continuum waterovap
absorption is derived either from the baselineatarn of spectra recorded for a series of presegalges over a
small spectral interval or from baseline monitoratgfixed laser frequency, during pressure rampsrter to
avoid possible bias approaching the water saturgiiessure, the maximum pressure value was linhitedout
16 Torr, corresponding to a 75% humidity rate.

After subtraction of the local water monomer linemtribution, self-continuum cross-sectio®;, were
determined with a few % accuracy from the pressgueared dependence of the spectra base line mddsue
series of pressure values up to about 15 Torr.

Together with our previous CRDS and OF-CEAS measands in the 2.1 and 1.6 um windows, the derived
water vapor self-continuum provides a unique sevatier vapor self-continuum cross-sections forsa o the
MT_CKD model in four transparency windows. A reviefthe previous experimental results will be presd
together with a comparison to the MT_CKD model (Bige below). Although showing some important dévias
of the absolute values (up to a factor of 4 atcdwter of the 2.1 um window), our accurate measentsrvalidate
the overall frequency dependence of the MT_CKD2ds @h
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Perfecting methods of metrological traceability of NO using UV absorption
spectroscopy

Leonid Konopelkol*z**, Vitaly Beloborodovl-z, Dmitry Rumiantsev! and Yan Chubchenkol
1. D.l.Mendeleyev Metrology Institute (VNIIM), 190005, 19 Moskovsky ave., S. Petersburg, Russia
2. University of Information Technologies, Mechanics and Optics, 197101, 49 Kronverksky ave., S. Petersburg, Russia

* lkonop@b10.vniim.ru

There are no modern metrologically assured datheofbsorption cross-sections for nitrogen oxidénénknown
spectroscopic databases (DB) of the gas compofiedisAll publicly available data are presentediwtioo large
a step in the spectrum, which limits their pradticse.

It is difficult to interpret available data of tlabsorption cross-section for NO in the UV speategiion. E.g. in
[5] there is no indication on the used spectrabitg®n of the used spectrophotometer etc. Modeliabile data
on the absorption cross sections of NO do not @xigublicly available DBs for the UV region of tispectrum.
DB of the Jet propulsion Laboratory [3] and DB b&tMax Planck Institute [4] are essentially a kifdan
improved version of a list of works of various awth in the Internet with an extremely rare recomdagions.
Also it can be said that the authors presentedBs [3, 4] worked on different equipment, by diffetenethods
and such work is not consistent in metrologicaksen

Thus, for the purposes of metrological traceabiityneasurement of the concentration of NO was ssarg to
carry out own measurements of the spectra of N@eatvavelength of 226,2 nm. These measurementsmasie
on equipment that is part of thetional Primary Measurement Standard of Mole kwacnd Mass Concentration
of Components in Gas Media (GET 154-2011) in Russia

Results of the measurements were used for develupoh@ew certification procedures by UV spectrqscéor
transfer of units from th&ET 154-2011o working standards used for calibration of measpuinstruments [6].
In our presentation we discuss the features ofrtéiiods of metrological traceability of NO using Ebsorption
spectroscopy.

[1]. L.S. Rothman et al, JQSRILO, 533-572 (2009).

[2]. N. Jacquinet-Husson et al, JQSRIR, 2395-2445 (2011)
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Publication No. 15-1(http://jpldataeval.jpl.nasa.gov

[4]. MPI-Mainz-UV-VIS Spectral Atlas.

[5]. B.A. Thompson, P. Harteck, and R.R. Reeves,JJGeophys. Res. 68, 6431-6436 (1963)

[6]. L.Konopelko, V.Beloborodov, D.Rumiantsev, addselukov, International Congress of Metrology, 3
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HITRAN Spectroscopy Evaluation using Atmospheric Spectra

Geoffrey C. Toon?!, Jean-Francois Blavier!, Keeyoon Sung!, Laurence S. Rothman?, louli
Gordon?

1. Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA
2. Harvard-Smithsonian Center for Astrophysics, Cambridge, MA

High resolution FTIR solar occultation spectra, acquired by the JPL MkIV Fourier transform spectrometer from
balloon, covering 650 to 5650 cm* at 0.01 cm™ resolution, are systematically analyzed using the last four
versions of the HITRAN linelist (2000, 2004, 2008, 2012). The rms spectral fitting residuals are used to assess
the quality and adequacy of the linelists as a function of wavenumber and altitude. Although there have been
substantial overall improvements with each successive version of HITRAN, there are nevertheless a few spectral
regions where the latest HITRAN version (2012) has regressed, or produces residuas that far exceed the noise
level. A few of these instances are investigated further and their causes identified. We emphasize that fitting
atmospheric spectra, in addition to laboratory spectra, should be part of the quality assurance for any new linelist
before public release.
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High resolution photoacoustic spectroscopy of the oxygen A-band

Matthew J. Cichl'*, Elizabeth M. Lunnyz, Gautam D. Stroscioz, Thinh Q. Buis, Caitlin Bray4, Daniel
Hogans, Priyanka Rupasinghe6, Timothy J. Crawfordl, Brian Drouinl, Charles MiIIerl’z, David A.

Long7, Joseph T. Hodges7, Mitchio Okumura’.

1. Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, USA

2.Division of Chemistry and Chemical Engineering, California Ingtitute of Technology, Pasadena, CA, USA
3.JILA, National Ingtitute of Standards and Technology,, University of Colorado, Boulder, CO, USA

4. Department of Chemistry, Wesleyan University, Middletown, CT, USA

5. Department of Applied Physics, Stanford University, Sanford, CA, USA

6.Physical Sciences, Cameron University, Lawton, OK, USA

7.Chemical Sciences Division, National Institute of Sandards and Technology, Gaithersburg, MD, USA

* matt.j.cich@jpl.nasa.gov

NASA'’s Orbiting Carbon Observatory missions requipectroscopic parameterization of the Oxygen AéBan
absorption (757-775 nm) with unprecedented detaihéet the objective of delivering space-basednnlCQ
measurements with an accuracy of better than 1 ppohspectroscopic parameters with accuracieedd.tvo
level. To achieve this it is necessary for line pghanodels to include deviations from the Voigt lisleape,
including the collisional effects of speed-deperwdetine mixing (LM), and collision-induced absagut (CIA).
LM and CIA have been difficult to quantify in FTi&d CRDS spectra which have been limited to lowesgure
measurements. A photoacoustic spectrometer hasdesémed to study the pressure- dependence sptutral
line shape up to pressures of 5 atm, where LM arWddOntribute significantly to the A-Band absorptioT his
spectrometer has a high signal-to-noise (S/N) ofuati0,000 and frequency accuracy of 2 MHz. In toidj
temperature-dependent effects on the line shapstadéed using a PID-controlled cooled nitrogemfldeater
system. The latest acquired spectra and multigpacanalyses are reported here.
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Absolute molecular transitions frequencies measured by cavity-enhanced
absorption and dispersion spectroscopy techniques

Szymon Wéjtewicz 1", Agata Cygan !, Grzegorz Kowzan !, Mikotaj Zaborowski ?, Piotr Wcisto 1!, Jerzy
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We present absolute frequencies of unpertutf@tO transitions from the near-infrared«{®) band measured
with uncertainties five-fold lower than previouslyailable data [1]. The line positions of the Daggbroadened
R24 and R28 lines were obtained with relative utadeties at the level of 8. The pressure shifting coefficients
were measured and the influence of the line asymynoet unperturbed line positions was analyzed.

The measurements were done with three differenttycanhanced absorption and dispersion spectroscopi
methods: a well-established frequency-stabilizadtg@ing-down spectroscopy (FS-CRDS) [2], the ¢awode-
width spectroscopy (CMWS) [3], and the novel onexeinsional cavity mode-dispersion spectroscopy (1D-
CMDS) [4]. Two last techniques are based on measeme of half-widths and shifts of resonance modas®
high-finesse optical cavity, respectively. Morequee 1D-CMDS method depends solely on the measneai
frequencies or their differences and is insensiiiveystematic instrumental errors of the detecsigstem. It has
the potential to become the most accurate of abgitive and dispersive spectroscopic methods anchave
significant impact in the future high-accuracy hsteape studies.

We used a unique experimental setup enabling theltsineous measurement of the spectra by thesedhxéty-
enhanced techniques. We present a detailed corapdretween the FS-CRDS and 1D-CMDS methods [5]. The
absorptive (FS-CRDS) and dispersive (1D-CMDS) spestre simultaneously included in the compleifie-
shape analysis [5]. The limitations of the FS-CRB&hnique are mentioned. The frequency axis oftep&as
linked to the primary frequency standard — UTC(AQ@S)ordinated Universal Time from the Astro-Geodyia
Observatory in Borowiec, Poland) having long-teetative stability of 18° [6]. Three different spectroscopic
methods and various approaches to data analyseswsed to estimate potential systematic instrurhentars in

all of them. Presented dispersion line shapesrdlifee highest quality dispersion line-shape measants in
optical spectroscopy demonstrated so far. Our digpe spectra are the first demonstration of mdéecu
spectroscopy with both axes of the spectra dirdictked to the primary frequency standard.
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HITRAN2016: Innovative structure, new data, extra parameters
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A new HITRAN edition is scheduled to be releaseasd yiear. It will replace the current edition, HIAR2012
[1], that has been in use, along with some intefatedupdates, since 2012.

As usual, we have added, revised, and improved rrangitions and bands of molecular species and the
isotopologues. This particularly applies to treditional line-by-line portion of HITRAN. Howevethere has
been a necessity to expand the parameter scopd BfAN, particularly because of the needs of hightcurate,
terrestrial remote-sensing missions, for exampl®©eXJ?2], etc.

To accomplish this expansion, the whole databasebban reorganized into a relational databasetsteuand
presented to the user by means of a very powesAgy-to-use internet program called HITR#Mne [3]
accessible at <www.hitran.org>. This interfaceali the user many queries in standard and usenedtformats.
In addition, we have developed a powerful applaatalled HAPI (HITRAN Application Programing Inface)
[4] that allows much more functionality for the usélAPI is meant to work on the user’s own compated thus
frees up the server of HITRAMIine from normally heavy duty calculations includingsalption and radiance.
We present examples of some of the features of thew programs.

References
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ExoMol: New molecular linelists for exoplanets and other hot atmospheres

Jonathan Tennyson*, Sergei N. Yurchenko, A. F. Al-Refaie, A.A.A. Azzam, E.J. Barton, K. Chubb,
P.A. Coles, M.N. Gorman, C. Hill, L. Lodi, L.K. McKemmish, A. Owens, O.L. Polyansky, T. Rivlin,
C. Sousa-Silva, D.S. Underwood, A. Yachmenev, E. Zak

Department of Physics and Astronormy, University College London, London, WC1E 6BT, UK
* j.tennyson@ucl.ac.uk

Fundamental molecular data play akey role for spectral characterization of astrophysical objects cool enough to
form molecules in their atmospheres (cool stars, extrosolar planets and planetary discs) aswell asin abroad range
terrestrial applications. However, at elevated temperatures, the laboratory data for a number of key species is
absent, inaccurate or incomplete. The ExoMoal project is providing comprehensivelinelistsfor all moleculeslikely
to be observable in exoplanet atmospheres in the foreseeable future [1]; a huge undertaking which will mean
providing in excess of a hundred of billions of spectral linesfor alarge variety of molecular species. Theline lists
for anumber of key atmospheric species currently available from ExoMol (www.exomol.com): CaH, MgH, BeH
[2], SO [3], HCN/HNC [4], CH4[5], KCI, NaCl [6], PN [7], PHs[8], H.CO [9], AlO [10], NaH [11], CS[12],
HNOz3 [13], Ca0 [14], SO, [15], H.S [16], HOOH [17], SO3[18] and VO [19]. The line lists currently being
constructed include those for AIH, C,, Cs, PO, PS, PH, SH, SiH, CrH,TiH, C:Ha4, CH3Cl and CoH,. We will present
examples of molecular spectra computed using the ExoMol linelists.

The ExoMol project supported by the ERC under Advanced Investigator Project 267219.
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Reims-Tomsk information systems TheoReTS and S&MPO: spectra simulations
and validation of ab initio predictions
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Two interactive web accessible information systghz] have been developed and maintained in cotkatimn
of Reims and Tomsk spectroscopic teams. First sn8&MPO (“Spectroscopy and Molecular Properties of
Ozone”) [1] devoted to high resolution spectroscopyhe ozone molecule, related properties and siatiaces.
S&MPO contains information on original spectroseopizone data (line positions, line intensities, rgies,
transition moments, spectroscopic parameters) eredvirom analyses and modeling of experimentattspas
well as associated software for data representation

A more recent one is TheoReTS [2] — an informatgatem for theoretical spectra based on variational
predictions from molecular potential energy ancbtipmoment surfaces for various molecular spedi@sterest
for planetology and astrophysical applicatidnghe current TheoReTS implementation containsrinégion on
four-to-six atomic molecules, including phosphinethane, ethylene, silane, methyl-fluoride, andt tisetopic
species®CHy, *2CH3D, ?CH;D;, 2CDy, 13C;H4. Predicted hot methane line lists up to T = 2008r& included.
Recent updated of the TheoReTS database will lse=pted in the Poster [3].

Both information systems provide associated softviar spectra simulation including absorption cizéfht,
absorption and emission cross-sections, transrétamd radiance. The simulations allow Lorentz, <Saand
Voight line shapes. Rectangular, triangular, Laremt, Gaussian, sinc and sinc squared apparatasdarcan be
used with user-defined specifications for broadgnimrameters and spectral resolution. All inforomatis
organized as a relational database with the usarefty graphical interface

The validations of recent ab initio predictions fotationally resolved spectra of related molecitetuded
in S&MPO and TheoReTS with respect to high-resotutexperimental data, low resolution records (PNNL
experimental library) and comparisons with HITRANIaGGEISA databases will be discussed.
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Evaluation of the GEISA 2015 spectroscopic database using satellite
observations

R. Armante, N. Jacquinet, N.A. Scott, and A. Chedin

Laboratoire de Météorologie Dynamique, UMR 853%lEdolytechnique, Route départementale 36, F-9Pkl8iseau, France

The accuracy of molecular spectroscopy in atmospheric research has entered in anew phase in the frame of remote
sensing applications (meteorology, climatology, chemistry) with the advent of highly sophisticated and resolved
instrumentations.

The historical background, actual context of management and contents of GEISA (2015 version) are independently
presented in aposter by N. Jacquinet et a. In the frame of anecessary new vision for public spectroscopic databases
content management, and following the findings of the GEISA workshop (June 2014, Paris, France),we have
undertaken a feasibility study on new appropriate methods to bring an added value to GEISA. Besides, one
important conclusion of the GEISA work-shop was the necessity of a closest feedback between spectroscopy
research laboratories and responsible managers of public spectroscopic databases (such as GEISA and HITRAN),
to assess and monitor suitably the archived spectroscopic parameter values traceability and precision.

Based on a strong experience in CAL/VAL activities a¢ LMD, we have developed a chain of validation, the
SPARTE chain (Armante et a, J. Mol. Spectr., 2016), aiming to compare the differences between results of model
simulations and satellite observations remote data. The simulations are made with the radiative transfer algorithm
4AOP developed and validated at LMD. In the thermal infrared, instead of laboratory measurements, we have
used the richness of the observation data provided by space born satellite instruments like AIRS (2002) and |ASI
(2006, 2012), TANSO-FTS (2009), Crls (2011). We are now planning to consider IASI (2017), as well as new
generation of higher resolved instruments such as |ASI-NG (2021).

In the near infrared, we have used al the potential of one the highest resolved instruments TCCON. In this
presentation, we will present results of validations of the GEISA 2015 version, according to IASI and TCCON
and how it could prepare a coming new version. Comparisons with other databases like HITRAN 2012 will be
given, showing how both databases like HITRAN and GEISA are complementary
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Spectroscopic database for water vapour between 5850 and 8340 cm™
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Semen N. Mikhailenko™", Samir Kassi ', Didier Mondelain™, Robert R Gamache’, and Alain
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1.V.E. Zuev Ingtitute of Atmospheric Optics SB RAS 1, Academician Zuev square, Tomsk 634021, Russia

2.Mathematical Physics Department, Tomsk Polytechnic University, 30, Lenin Av., Tomsk 634050, Russia

3. University Grenoble Alpes, LIPhy, F-38000 Grenoble, France

4.CNRS LIPhy, F-38000 Grenoble, France

5. Office of Academic Affairs, Sudent Affairs, International Relations, University of Massachusetts, One Beacon Street, Boston, MA 02108,
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* semen@iao.ru

An empirical spectroscopic database is construttedatural water in the near infrared region betw&850
and 8340 cm. The list includes more than 46500 transitionghef six isotopologues @O, H*®0, H''O,
HD*0O, HD™®0, HDY0) with intensity cut off of 1x18 cm/molecule in natural isotopic abundance. The lin
positions were obtained by difference of empireaérgy terms. These empirical determinations arglynbased
on extensive investigations of water spectra by lsignsitivity CRDS [1-9] complemented with litenagwdata.
The empirical line positions were completed by eipental intensities from the literature obtaingdHI'S for
the strong lines and CRDS for weaker lines. Thadimade mostly complete by including a large nendf weak
transitions not yet detected, with empirical pasii and variational intensities. Air- and self-lsfeaing
coefficients have been added to each transitiorgubie most recent version of the algorithm useth®HITRAN
and GEISA databases [10-16]. Examples of comparisbrCRDS spectra to simulations based on the
HITRAN2012 list [17] illustrate the advantages oépented database.
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Infrared absorption cross sections of halogenated species

Jeremy J. Harrisonl'z'*, Chris D. Boones, Peter F. Bernath”
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Fluorine- and chlorine-containing molecules inat@osphere are very strong greenhouse gases.idkudiy
many of these, in particular chlorofluorocarbong=@3) and hydrochlorofluorocarbons (HCFCs), deplete
stratospheric ozone and are regulated by the 198ftrglal Protocol. The quantification of the atnmiesc
abundances of such molecules using remote-seresihgitjues crucially requires accurate quantitatieared
spectroscopy. HITRAN contains cross-section dédaee all the main halogen species, but many e$¢hhave
deficiencies which introduce systematic errors whsed in retrievals.

This talk will focus on recent laboratory measuratador important halogenated species. A numbereef
cross-section datasets have been created, somaaf are now published and will be included in HH&RAN
2016 compilation. A number of these datasets Hmeen validated using solar occultation spectra oreds
through the Earth’s atmospheric by the Atmosph@hemistry Experiment Fourier transform spectrom@t&e-
FTS), and will be used in the upcoming version @gr6cessing of ACE-FTS data. The ACE-FTS measures
atmospheric profiles for many halogenated speiriekiding CCh (CFC-10), CGF (CFC-11), CGF, (CFC-12),
CHRCI (HCFC-22), CHE (HFC-23), Ck (CFC-14) CECHzF (HFC-134a), and SF

Keywords: infrared absorption cross sections, latmsy measurements, satellite remote sensing, goese
gases, ozone-depleting substances
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