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ASTRONOMICAL REMOTE SENSING
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Basic transition line parameters:
_Ine position (or center frequency)

_ine intensity @ 296 K

_ower state energy
e VIb - rotational quantum assignment

Line shape parameters (Voigt)
e Pressure-broadeneddths & temperature depend.
e Pressure-inducefiequency shifts
e Line mixing: H,+ (CO, CO, CH,, H,0, NH;....)
e Continua: collision-induced absorption (CIA)
(given asabsorption cross sections
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METHODS TO OBTAIN
SPECTROSCOPIC PARAMETERS

e Calculations based on successftheoretical
modeling (good positions and intensities, but not shapes)

e Predictions based on limited data and/or poorer
theoretical modeling (extrapolations very poor?)

e Empirical data retrieved line-by-line with some
known assignmentdmany weak lines omitted!)
e Absorption cross sections from lab spectra
at different temperatures and broadeners
(for unresolved heavy species and continua)
e Raw laboratory spectra!
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Current Public Databases (from Web)

Standardized formats documentation Quality control andFUNDED!!

Database Websites htp://) cml #Species| #Transitions
HITRAN cfa - www.harvard.edu 0.0 to 39+ |[2,713,968
2008 ([hitran) 26000 | 32 xsec
HITEMP G, COS*COr O H, NG (385 nm) ~113 M
GEISA ara.lmd.polytechnigue.fr | 0.0 to 50
2009 molecules 35877 (111 iso) | 3,807,997
planetary - terrestrial (279 nm)
JPL 2010 spec.jpl.nasa.qov 0. to
CMSD www.phl.uni-koeln.de =EED. 4 (=580 1,530,000
(Cologne) | molecules, radicals, atoms | (one species at long
for astrophysics g&}l‘; "’ wavelengths
NIST WWW. Nist.qov

at short wavelengths ??? INDIVIDUAL COLLECTINS
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HITRAN: Bi-annual meetings
Spectroscopy presentations & advisory committe

http://www.cfa.harvard.edu/hitran
Started in 1973 for Atmospheric Remote Sensing
New editions with documentation every ~ 4 years

78 11" HITRAN
Database
|  Conference

16-18 June 2010

Laboratory Astrophysics Workshop 2010



HITRAN Compilation

(Java HAWKS 2004) Software and Documentation \

HITRAN IR
(line-transition Cross-
parameters) sections

Aerosol Line
Refractive Coupling
Indices

Level 2
Data

Global Data
Cross-
sections

Files, Tables,
and References

Supplemental

Molecule-
by-molecule

Level 3

Alternate

Supplemental

For Earth Remote Sensing



THE GEISA

DATABASE 2009 EDITION:

@ Presentation

@ The Context

@ Research themes
@ Tools

@ Ceisa

@ Get ARA data

@ HFTP

@ Publications

@ Oral Publications
@ Acronyms

@ Contacts

# Links

« Jobhs

< Intranet

Last update: 18th May 2009

Copyright © 199512010
ARALMD, Al Rights
Reserved.

http://ara.Imd.polytechnique.fr

ueiyns
The ARA Group

The Atmospheric Radiation Analysis group is specialized in the study of the

variability and evolution of the climate of the Earth from space borne
observations made principally by vertical sounders, in the infrared and the
microwave domains.

Its main research themes relate to the collection of a long term, global,
climatology of the earth-atmosphere state: temperature and moisture; cloud
characteristics, including their microphysical properties; greenhouse gases,
mainly CO3, in relation with the carbon cycle; aerosols (volcanic, dust, smoke,
etc.) infrared characteristics in relation with the earth radiative budget;
continental surface infrared emissivities, in relation with the interaction
between the surface and the atmosphere. The group is also deeply involved in
statistical analysis of large spatio-temporal data bases (inverse problems,
linear and non linear inference, neural networks, classification, pattern
recognition, etc.).

The group has developed numerous tools in spectroscopy of the atmospheric
gases, forward and inverse radiative transfer modelling, etc. In particular, the
group develops and maintains the spectroscopic data base GEISA « Gestion et
Etude des Informations Spectroscopiques Atmosphériques » (Study and
management of atmospheric spectroscopic information).

The Laboratoire de Météorologie namique (ILMD) is a Laboratory of the

French Cenfre National de la Recherche Scientifique (CNRS), of the Ecole

Polvtechnique, of the Ecole Normale Supérieure, of the Université Pierre et

Marie Curie (Paris 6), and belongs to the [nstitut Pierre-Simon Laplace (IPSL).

It is also one of the French space laboratories working in cooperation with the
entre National d'Etudes Spatiales (CNES).

22 T %
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Boutammine C.,
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Laboratoire de Météorologie Dynamique
Atmospheric Radiation Analysis Group
Ecole Polytechnique
91128 Palaiseau, France
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GEISA-2009 for planets : emphasis on Earth

ThreeTypes of DATABASES

@ Line transition parameters database

50 molecules (111 isotopic species)
3,807,997 transitions between 0.000001 and 35,877 cm-1

'CASSINI SPACECRAFT

»Major Permanent constituents of EARTH atmosphere: O,,H,0,CO,...

»Trace molecules in the EARTH’ atmosphere :
NO, SO,, NO,, NH;, HNO,;, OH,HF, HCI, HBr, HI, CIO, OCS, H,CO, PH,,.

»Molecules in Planetary Atmospheres of
JUPITER, SATURN, URANUS, TITAN etc.:
C2H6, CH3D, C2H2, C2H4, GeH4, HCN, C3H8, CsH4

(MSG-2 25/01/06)

EARTH (CASSINI-HUYGENS 29/01/06)

@ Absorption cross-sections database AN

" IR: 43 molecular species (mainly CFC’s)
“ UV/Visible : 19 molecular species

@ Aerosol data archive and softwares
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# Entries
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(molecular species update)

Cg¢Hg, C,Hg, M-xlyene, O-xylene, P-xylene
~9 updated (additive files) molecular species: NO,, G
o,, OCIO, H,CO, OBroO, BrO

~10 New molecular species: NO,, HONO, CHOCHO; 10O, OIO,

S,, 05, SO,

|l New molecules ‘

|l Updated molecules |

HETIT
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Molecules
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Atmospheric Species of Solar System Objects

CLASSES OF SOLAR SYSTEM MAIN COMPONENTS

ATMOSPHERES OBJECT (non exhaustive lists)
H,-He atmospheres U JUPITER H2, He, CH4, C2H2, C2H6,C2H4,H20, C4H2, C6HE
of the giant planets HD, C3H4, NH3, PH3, GeH4, CO, AsH3, CO2,...

SATURN H2, He, CH4, C2H2, C2HB, C3H4,CH3, H2S, CH3, H20, C3H8, CH3C2H, NH3, SiHd

PH3,GeH4,H20,AsH3,C2H6,C2H4,C0,C02...
n URANUS H2, He, CH4, C3H4 C4H2, C2H6 ..,

NEPTUNE H2, He, CH4, C2H4, C2H2, C3H4, C4H2, NH3 (2), CH3, C6HB
Terrestrial CO, m VENUS €02, N2, 502, H2504, CO, 0, N2, 03, FeCI3(?), H20, 02, CI, CIO, CI02, COCl, .
atmospheres ﬂ HCI, HF, Ne, H2S , OCS, H, H2, He

MARS €02, N2, Ar, 02, H20, CO, H202 ?, CH4, 03, Ne, Kr, Xe, ...

TITAN N2, CH4, Ar, C2HB, C3H8, H20, CO, CO2, CH3D, CH3,

- C2H4, NH3, HCN, C2N2, HC3N, CH3CN, C4H2, C2HD, CH2CCH2, CBH2, C3H4, HCAN, C4N2, C6HB, CH2 ...

N, atmospheres EARTH N2, 02, Ar, H20, C02, 03, N20, CH4, C2HB, C2H2, NO, $02, NO2,HNO3,0CS NH3,HCN,H2CO,+ many more ...

PLUTO N2, CO, CH4...

TRITON N2, CO, CH4, CO2...
Volcanic 10 §02...

~ ] MoON Na,K...
Exospheres Ll MERCURY Na, K ...
Comae a COMETS H20, CH4, C2H6, CO, €02, H2CO, CH3OH, .....
Extrasolar planets 7 H20, CH4, CO2 ...,
11

Laboratory Astrophysics Workshop 2010



CDMS and JPL Catalogs for astrophysics
www.cdms.de and spec.jpl.nasa.gov
Download parameters by species

» Molecules detected or detectable in inter/circuti@stenedium

» Emphasis on Submillimeter and TeraHertz regiongor HERSCHEL

» Predictions based on modeling experimental fregesrvia Hamiltonians

> Separate entries for rarer isotopomers or excit@@tional states (1-1)

»Entries include species not important for Earth andplanets
— light hydrides and deuterated species;,HDH, ND, CHD*, NH,D, NHD,, ND,
— molecules in excited vibrational statesN, HNC, HGN, HCN, CS, SiO
— complex species: ethylene glycol

» ~580entries as of Sept. 2010
Number of species a factor of 10 over GEISAand HITRAN
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NEED MORE? Try specialized collections

HITEMP, the high-temperature molecular spectroscopic database

LS. Rothman®*, LE. Gordon 3, R.]. Barber ®, H. Dothe ¢, R.R. Gamache®,
A. Goldman ®, V.L Perevalov’ S.A. Tashkun’, J. Tennyson” JQSRT 2010

Table 4
Line Hist companzon betaeen HITEM P20 and HITRAM [2].

sbobecte Spectral coverage Mumber of Eotepokmees Mumber of mansitions Mumber of ransicions® !J_I!-i-l_ﬂ_'-iatiﬂ-n enargy
l:_n:m" | L HITEMP 20T O) (HITEMP2OTO) {HITRAN pemi=*]

Ha0 0-30,000 ] 111377777 Ba 01 A1, T 50 4+ 0TS [T5]
r o - - E i

o o ¢ Weaker lines isiars e 2057415 {7]

& oo ; included  igeed’ a7 35593 425 (79

* For Hy0L MO, and OH, only the principal Sotopolegse has been creafed for high mperature at this ome. The other lesser abundant | 5000 polom es|
hawve been transcribed foom HITHAN (2S5 KL

= The mumber of ransitons laad in this column are for the egumalent number of Fsotopobegees and spectral mnge consistent with HITEMP2OTO.

for near-IR applications: (Follow ‘other lists’ links on HITRAN)

UCL (Tennyson)  www.tampa.phys.ucl.ac.uk/ftp/astrodata/Ab initio

Oxford, UK (Irwin) www.atm.ox.ac.uk/user/irwin/band.html| (cross secNH;, CH,)
PNNL nwir.pnl.gov 600-6000 cni 336species Cross Sectionsiofunding now)
VPL vpl.astro.washington.edu/sci/plots of spectra/ 0.0 —22000 CifPNNL+ HITRAN +)
Dijon (Boudon) icb.u-bourgogne.fr/titan (linelists for CH,)
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Tennyson: Abimitio ILimelists
completedor under construction @ UCL
www.tampa.phys.ucl.ac.uk/ftp/astrodata/

by
H,* Neale
H,D* Sochi
H,O Barber
HDO \Voronin
HCN/HNC (H13CN/ HCN) Harris
HeH”* Engel
NH, Barber, Yurchenko (Dresden)
HCCH Urru
Cs La Delfa and Sochi
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NH3: Comparison of UCL predictions with HITRAN
(J. Tennyson, HITRAN 2010)
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Private collections:
merging information from different sources

THE AstrorHvsical Journal Sueercevest Senes, 1HE: 140166, 2007 Jamuury
© W07 The American Astrommmics] Sodety . ATl fghis neserved. Prinied m T75A

ATOMIC AND MOLECULAR OPACITIES FOR. BROWN DWARF AND GIANT PLANET ATMOSPHERES

C. M. Suarp! anp A. Burrows'

ATOMIC AND MOLECULAR OPACITIES

TABLE 1

Susmmany List o Seecies, Seenon Nusesrs, asn Baso Systews

Section Comments
2.5 and 32 Lines and continuum
32 Comtimuum present when free electrons are also present
33 Important for CLA and line broadening
26 Alkali element: lines
2.6 and 3.2 Alkah element: lines and continunm
26and 3.2 Alkali element: lines and continuum
25and 32 Lines and continuum
26 Alkali element: lines
26 Alkali ¢lement: lines
25and 33 CIA, and B-X and C-Y UV bands
2.1 and 2.5 Vib-rot bands in R and 4-X band system in UV
25 A-X band system in UV
2.1 and 25 Rot and vib-rot bunds in IR and absorption in UV
21 Vibsot hands in R
2.1 and 3.3 Vib-rot hands in IR
24 and 25 Precomputed vib-rot bands in IR and shsorption in UV
24 Precompiited vib-rot bands in IR
21 a, A, 7 7 8 &, and ¢ band systerms
21 A-X, BX, andd C-X band systems
23 A-X and B-Y band systems
23 A-X band svstem
23 FoX bond system
23 X=X, A-X, and B'-X systems
23 A-X, B-X, and DX systems
34 Enstatite in Mie theory
34 Water in Mie theory

1800 K/ 10 A

Logss o {cm" molecule ™)
|||||||||||I|||I|||

K
v D b bovn bl v a P buas T
B & ] 1 1.2 1 1.8 T8 2 22 24
A (microos)

g

Figi, 7.— Log ofthe menochmomatic absomption o in cor® moleculs ! s a fane-
tiomwavelength £ in pmin the infrared and visible at o temperatuns of 1800 K and
a pressure of [hatm for the five metal hydrides FeH, TiH, MgH, CrH, and CaH,
represented, respectively, inred, green, blue, magenta, and cvan, All the bands
ame due to electmmic tmmsitions, sxcept that for MgH, which includes vibmtion-
rotation transitions in the ground X electrome state, in addition to the 4-X and
F'-X electmomic systems.
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UV-VLV inffo (via Welb) examples?

Lists? Websites  ffttp://) Data
MPI-Mainz www.atmosphere.mpqg.de/enid/2295 | 840species
(Oct 2010) Easy to use atlas, xsec
CFA > www.cfa.harvard.edu/amp 821 Héoé OsS’ ‘%;'2’
‘other lists’ | VUV cross sections, energy levels and wavelengt OZ’NQ’NZ%’ 2
on HITRAN (ASCII files) ’

MOLAT molat.obspm.fr/index.php?page=pagesVUV H, D,,
(20067?) /menuSpectreMol.php CI0, 1Y @linee
N, www.wellesley.edu/Physics/gstark/N2 ANU crosk N,
sections/
Etc.
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Aann udfa.net

" [ <[ » ||+ ] hup:/iudfa.ne ¢ Q- Google
M

5% Apple Yahoo! Google Maps YouTube Wikipedia Mews (G49)« Popular~

A

-

Woodall, Agundez, Markwick-Kemper, Millar

Fa h i P .
[ Search ) or | Select o species... | 1}

or | M0 samething else.. } ;i

o.g. THa+
aQ HYIM +a

ey, warkan and melecula Bydiosen
.5 gennant

The UMIST Database for mistry
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STANDARD DATABASE FORMAT:
Mol 12 Molecule number
Iso 11 Isotope number (1 = most abundant, 2 = 2nd most abundant,..)
Vi F12.6 Transition positionin vacuum [cnT?]
Si E10.3 Intensity [cmY/(moleculecm?) @ 296K]
Ay E10.3 Einstein A-coefficient [3]
Vair F5.4 Air-broadened half-width (HWHM) [cm -Y/atm @ 296K]
Vself F5.4 Self-broadened half-width (HWHM) [criVatm @ 296K]
E" F10.4 Lower-state energy [cm]
Nyir F4.2 Temperature-dependence coefficient of air width
Oir F8.6 Air pressure-induced shift [cmYatm @ 296K]
v/, v 2A15 Upper and Lower “global” quantum numbers
q,q” 2A15 Upper and Lower “local” quantum numbers
ierr 611 Uncertainty indices for vy, S¢ |, 2air » Pselts Nair » Oair
iref 612 Reference pointers for v , S¢ , Yair s Pseits Nair» O air
* Al Flag for line-coupling algorithm (line mixing)
g, 9" 2F7.1 Upper and Lower statistical weights
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CONCLUSIONS

¢ No public database tailored for astrophysics at
shorter wavelengths

& Astronomers often must use their own private
(undocumented) collections.

¢ Basic molecular parameters (positions, intensities)
available for dozens, but needed for hundreds
(thousands? of astrophysics species.

¢ Join efforts with others: http://www.vamdc.org/
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Virtual Atomic and Molecular Data Centre

Marie-Lise Dubernet, LPMAA Université Pierre et Mig Curie, Paris
¢ e-Infrastructure Project (to collect spectroscopists)

¢ 15 legal partners - 21 institutes or departments iff EU countries,
Russian Federation (4 institutes) and Venezuela (@stitutes)

¢ Started July 2009- (funded for) 42 months

¢ Possible outcomelegal entity or laboratory without walls

www.vamdc.org
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