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ASTRONOMICAL   REMOTE  SENSING
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Basic transition line parameters:
● Line position (or center frequency)
● Line intensity @ 296 K
● Lower state energy
● Vib - rotational quantum assignment

Line shape parameters (Voigt)
● Pressure-broadened widths & temperature depend.
● Pressure-induced frequency shifts
● Line mixing: H 2 + (CO2, CO, CH4, H2O, NH3 ….)

● Continua: collision-induced absorption (CIA)
(given as absorption cross sections )
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METHODS TO OBTAIN  METHODS TO OBTAIN  
SPECTROSCOPIC PARAMETERSSPECTROSCOPIC PARAMETERS

● Calculations based on successfultheoretical 
modeling  (good  positions and intensities, but not shapes) 

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

● Empirical data retrieved line-by-line with some
known assignments (many weak lines omitted!) 
●Absorption cross sections  from lab spectra

at different  temperatures and broadeners  
(for unresolved heavy species and continua)

● Raw laboratory spectra!
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Current Public Databases (from Web)Current Public Databases (from Web)

Database Websites     (http://) cm-1 #Species #Transitions

HITRAN                 
2008 

HITEMP

cfa - www.harvard.edu
(/hitran)                 

H2O,CO2, CO,OH,NO

0.0   to 
26000 

(385 nm)

39 +   
32 xsec

2,713,968    

~ 113 M 

GEISA    
2009 

ara.lmd.polytechnique.fr 
molecules                 

planetary � terrestrial

0.0  to  
35877 
(279 nm)

50     
(111 iso) 3,807,997

JPL 2010  
CMSD  

(Cologne)

spec.jpl.nasa.gov
www.ph1.uni-koeln.de

molecules, radicals, atoms    
for astrophysics

0. to      
~500. ++ 
(one species 
up to 5600 
cm-1)

~580 1,530,000     
at long 

wavelengths

NIST www.nist.gov

Standardized formats, documentation Quality control and FUNDED!!

at  short  wavelengths ???    INDIVIDUAL  COLLECTIONS
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HITRAN:  Bi-annual meetings 
Spectroscopy presentations & advisory committee 

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

(Java HAWKS 2004) Software  and Documentation

Line-
by-line

Molecule-
by-molecule

IR
Cross-

sections

Aerosol
Refractive 

Indices

HITRAN
(line-transition 

parameters)

UV

Global Data 
Files, Tables, 

and References

Line
Coupling

Supplemental

Supplemental

Cross-
sections

Alternate

CO2
data

Level 1

Level 2

Data

Level 3
For    Earth     Remote Sensing
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Jacquinet-Husson N.,
Crépeau L., Capelle V., 
Scott N.A., Armante R.,
Boutammine C.,
Chédin A. 

Laboratoire de Météorologie Dynamique
Atmospheric Radiation Analysis Group
Ecole Polytechnique
91128 Palaiseau, France

http://ara.lmd.polytechnique.fr

GEISA: Gestion et Etude
des Informations
Spectroscopiques Atmosphériques ;

Management and Study of Atmospheric 
Spectroscopic Information

THE GEISA   DATABASE  2009  EDITIONTHE GEISA   DATABASE  2009  EDITIONTHE GEISA   DATABASE  2009  EDITIONTHE GEISA   DATABASE  2009  EDITION:::: Update Description and Assessment Update Description and Assessment Update Description and Assessment Update Description and Assessment 
of Spectroscopic Parameters Through  Hyperspectral Remote Sensing Applicationsof Spectroscopic Parameters Through  Hyperspectral Remote Sensing Applicationsof Spectroscopic Parameters Through  Hyperspectral Remote Sensing Applicationsof Spectroscopic Parameters Through  Hyperspectral Remote Sensing Applications
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GEISAGEISAGEISAGEISA----2009  for 2009  for 2009  for 2009  for planetsplanetsplanetsplanets :  :  :  :  emphasisemphasisemphasisemphasis on on on on EarthEarthEarthEarth
ThreeTypes of DATABASESThreeTypes of DATABASESThreeTypes of DATABASESThreeTypes of DATABASES

Line transition parameters databaseLine transition parameters databaseLine transition parameters databaseLine transition parameters database
50505050 molecules (molecules (molecules (molecules (111111111111 isotopic species) isotopic species) isotopic species) isotopic species) 

3333,,,,807807807807,,,,997 997 997 997 transitions  transitions  transitions  transitions  between between between between 0000....000001 000001 000001 000001 and and and and 35353535,,,,877 877 877 877 cmcmcmcm----1111

Absorption crossAbsorption crossAbsorption crossAbsorption cross----sections databasesections databasesections databasesections database
IR:IR:IR:IR: 43 molecular species (mainly CFC’s) 43 molecular species (mainly CFC’s) 43 molecular species (mainly CFC’s) 43 molecular species (mainly CFC’s) 
UV/Visible : 19 molecular species UV/Visible : 19 molecular species UV/Visible : 19 molecular species UV/Visible : 19 molecular species 

Aerosol data archive and softwaresAerosol data archive and softwaresAerosol data archive and softwaresAerosol data archive and softwares
MANAGEMENTMANAGEMENTMANAGEMENTMANAGEMENT
SOFTWARESSOFTWARESSOFTWARESSOFTWARES
For each SubFor each SubFor each SubFor each Sub----databasedatabasedatabasedatabase

�Major Permanent constituents of Major Permanent constituents of Major Permanent constituents of Major Permanent constituents of EARTH EARTH EARTH EARTH atmosphere :   Oatmosphere :   Oatmosphere :   Oatmosphere :   O2222,H,H,H,H2222O,COO,COO,COO,CO2 2 2 2 …………
�Trace molecules in the EARTH’ atmosphereTrace molecules in the EARTH’ atmosphereTrace molecules in the EARTH’ atmosphereTrace molecules in the EARTH’ atmosphere : 
NO, SONO, SONO, SONO, SO2222, NO, NO, NO, NO2222, NH, NH, NH, NH3333, HNO, HNO, HNO, HNO3333, OH,HF, HCl, HBr, HI, ClO, OCS, H, OH,HF, HCl, HBr, HI, ClO, OCS, H, OH,HF, HCl, HBr, HI, ClO, OCS, H, OH,HF, HCl, HBr, HI, ClO, OCS, H2222CO, PHCO, PHCO, PHCO, PH3 3 3 3 ,..,..,..,..
�Molecules in  Molecules in  Molecules in  Molecules in  Planetary Planetary Planetary Planetary Atmospheres of Atmospheres of Atmospheres of Atmospheres of 
JUPITER, SATURN, URANUS,TITAN etc.:JUPITER, SATURN, URANUS,TITAN etc.:JUPITER, SATURN, URANUS,TITAN etc.:JUPITER, SATURN, URANUS,TITAN etc.:
CCCC2222HHHH6666, CH, CH, CH, CH3333D, CD, CD, CD, C2222HHHH2222, C, C, C, C2222HHHH4444, GeH, GeH, GeH, GeH4444, HCN,  C, HCN,  C, HCN,  C, HCN,  C3333HHHH8888, C, C, C, C3333HHHH4444

TITAN

(CASSINI-HUYGENS 29/01/06)

(MSG-2 25/01/06)

EARTH
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GEISAGEISAGEISAGEISA----09      09      09      09      UV/VIS      UV/VIS      UV/VIS      UV/VIS      CROSSCROSSCROSSCROSS----SECTIONS   SECTIONS   SECTIONS   SECTIONS   
(molecular  species  update)(molecular  species  update)(molecular  species  update)(molecular  species  update)

�10 New molecular species:10 New molecular species:10 New molecular species:10 New molecular species: NONONONO3333, HONO, CHOCHO, IO, OIO,, HONO, CHOCHO, IO, OIO,, HONO, CHOCHO, IO, OIO,, HONO, CHOCHO, IO, OIO,
CCCC6666HHHH6666, C, C, C, C7777HHHH8888, M, M, M, M----xlyene, Oxlyene, Oxlyene, Oxlyene, O----xylene, Pxylene, Pxylene, Pxylene, P----xylenexylenexylenexylene

�9 updated (additive files) molecular species:9 updated (additive files) molecular species:9 updated (additive files) molecular species:9 updated (additive files) molecular species: NONONONO2222, CS, CS, CS, CS2222, O, O, O, O3333, SO, SO, SO, SO2222, , , , 
OOOO4444, OClO, H, OClO, H, OClO, H, OClO, H2222CO, OBrO, BrOCO, OBrO, BrOCO, OBrO, BrOCO, OBrO, BrO



11 Laboratory Astrophysics Workshop 2010



12 Laboratory Astrophysics Workshop 2010

CDMS and JPL Catalogs for astrophysicsCDMS and JPL Catalogs for astrophysics
www.cdms.dewww.cdms.de and    and    spec.jpl.nasa.govspec.jpl.nasa.gov

Download  parameters  by speciesDownload  parameters  by species

� Molecules detected or detectable in inter/circumstellar medium

� Emphasis on Submillimeter and TeraHertz regions for HERSCHEL

� Predictions based on  modeling experimental frequencies via Hamiltonians

� Separate entries for rarer isotopomers or excited vibrational states (1-1)

�Entries include species not important for Earth and planets
– light hydrides and deuterated species: HD2

+, NH, ND, CH2D+, NH2D, NHD2, ND3

– molecules in excited vibrational states: HCN, HNC, HC3N, HC5N, CS, SiO
– complex species: ethylene glycol

Number of   species   a factor  of  10 over   GEISA   and HITRAN

� ~ 580entries as of  Sept. 2010
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NEED NEED MOREMORE? Try specialized collections? Try specialized collections

JQSRT 2010

for  nearfor  near--IR applicationsIR 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 sec. NH3, CH4 )
PNNL nwir.pnl.gov 600-6000 cm-1 336species Cross Sections   (no funding now)
VPL vpl.astro.washington.edu/sci//plots of spectra/ 0.0 –22000 cm-1 (PNNL+ HITRAN +)
Dijon (Boudon)        icb.u-bourgogne.fr/titan (linelists for CH4)

Weaker lines 
included
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METHANE    METHANE    PolyadsPolyads:  0 :  0 –– 14000 cm14000 cm--11

←
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→

From Boudon et al. 

1.7 µm

2.3 µm

3.3 µm

7.6  µm
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Tennyson:  Tennyson:  AbAb initio initio LinelistsLinelists
completed completed oror under construction under construction @ UCL@ UCL
www.tampa.phys.ucl.ac.uk/ftp/astrodatawww.tampa.phys.ucl.ac.uk/ftp/astrodata//

by
H3

+ Neale
H2D+ Sochi
H2O  Barber
HDO Voronin
HCN/HNC (H13CN/ H13CN) Harris
HeH+ Engel
NH3 Barber, Yurchenko (Dresden) 
HCCH  Urru
C3 La Delfa and Sochi
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NH3: Comparison of  UCL predictions with HITRAN      

(J. Tennyson, HITRAN 2010)

).
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PrivatePrivate collections:collections:
merging information from different sourcesmerging information from different sources
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UVUV--VUV info (via Web) examples?VUV info (via Web) examples?

Lists? Websites     (http://) Data

MPI-Mainz 
(Oct 2010)

www.atmosphere.mpg.de/enid/2295
Easy to use

840 species 
atlas, xsec

CFA   �
‘other lists’ 
on HITRAN

www.cfa.harvard.edu/amp
VUV cross sections, energy levels and wavelengths 

(ASCII files) 

O2, H2O, O3, C2H2, 
CO2, CO, SO2, N2 

NO, NO2,N2O

MOLAT 
(2006?) 

molat.obspm.fr/index.php?page=pages
/menuSpectreMol.php

VUV     H2, D2, 
CO, N2    others

N2                 

Etc.

www.wellesley.edu/Physics/gstark/N2_ANU_cross
_sections/

N2
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STANDARDSTANDARD DATABASE FORMAT:DATABASE FORMAT:
ParameterParameter Field sizeField size DefinitionDefinition

Mol I2 Molecule number

Iso I1 Isotope number (1 = most abundant, 2 = 2nd most abundant,..)

νif F12.6 Transition position in vacuum [cm-1]

Sif E10.3 Intensity [cm-1/(molecule·cm-2) @ 296K]

Aif E10.3 Einstein A-coefficient [s-1]

γair F5.4 Air-broadened half-width (HWHM) [cm -1/atm @ 296K]

γself F5.4 Self-broadened half-width (HWHM) [cm-1/atm @ 296K]

E″ F10.4 Lower-state energy [cm-1]

nair F4.2 Temperature-dependence coefficient of air width

δair F8.6 Air pressure-induced shift [cm-1/atm @ 296K]

v′, v″ 2A15 Upper and Lower “global” quantum numbers

q′, q″ 2A15 Upper and Lower “local” quantum numbers

ierr 6I1 Uncertainty indices for   νif , Sif , γair , γself , nair , δair

iref 6I2 Reference pointers for νif , Sif , γair , γself , nair , δ air

* A1 Flag for line-coupling algorithm  (line mixing)

g′, g″ 2F7.1 Upper and Lower statistical weights
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CONCLUSIONSCONCLUSIONS

� 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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Marie-Lise Dubernet, LPMAA  Université Pierre et Marie Curie, Paris

� e-Infrastructure Project (to collect spectroscopic lists)

� 15 legal partners - 21 institutes or departments in 7 EU countries, 
Russian Federation (4 institutes) and Venezuela (2 institutes)

� Started July 2009 – (funded for) 42 months

� Possible outcome: legal entity or laboratory without walls

www.vamdc.org


