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•• PDR PDR –– a working definition:a working definition:

PPhotohoto
DDissociationissociation
RRegionegion

•• This implies the existence of atomic and This implies the existence of atomic and 
molecular gas PLUS the dissociating photonsmolecular gas PLUS the dissociating photons

•• Also used: Also used: 
Photon Dominated RegionPhoton Dominated Region

•• But much broader classification (HII regions, But much broader classification (HII regions, 
PNePNe, , ……) ) 
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•• PDRs occur where farPDRs occur where far--ultraviolet (FUV) ultraviolet (FUV) 
radiation (6radiation (6--13.6 eV) dominates the physics 13.6 eV) dominates the physics 
(e.g. heating and cooling) and determines (e.g. heating and cooling) and determines 
the chemical composition of the gas. the chemical composition of the gas. 
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typical stratification: Ctypical stratification: C++/C/CO, H/H/C/CO, H/H22, S, S++,S,SO,,S,SO,……
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DR21 in Cygnus X: 
CO 7-6 & [CI] 3P2-3P1

Figure: Figure: 
3m3m--KOSMA maps of KOSMA maps of 
[CI] 2[CI] 2--1 (color) and 1 (color) and 
CO 7CO 7--6 (contours) at6 (contours) at
42'' HPBW (0.35 pc)42'' HPBW (0.35 pc)
(Jakob et al. 2005 in prep.)(Jakob et al. 2005 in prep.)
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Radiative Transfer

Chemical Models PDR-Models

LTE Esc. Prob. Monte Carlo

Gas Phase Dust Phase Time Dep.

Energy Balance

Heating/Cooling B fields Shocks
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A.SternbergA.Sternberg
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The KOSMAThe KOSMA--ττ CodeCode
•• spherical symmetry spherical symmetry 
•• isotropic FUV fieldisotropic FUV field
•• density profile (4 parameter)density profile (4 parameter)
•• D/G, Z as free parameterD/G, Z as free parameter
•• 20 heating/cooling processes20 heating/cooling processes
•• modular, steadymodular, steady--state, gasstate, gas--phase chemistry phase chemistry 

(UMIST95/99/(UMIST95/99/……))
•• prepre--shielding possibleshielding possible
•• external multiexternal multi--shell RT code computes emergent shell RT code computes emergent 

line intensitiesline intensities ((CO,CO,1313CO,CI,CII,OI,CO,CI,CII,OI,……))

•• clumpclump--mass & massmass & mass--size relations applicable

0( ) rn r n
R

α−
⎛ ⎞= ⋅⎜ ⎟
⎝ ⎠

size relations applicable
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•• The KOSMAThe KOSMA--ττ Code is designed to supply a Code is designed to supply a 
large parameter grid of prelarge parameter grid of pre--calculated model calculated model 
clouds.clouds.

•• results available per webresults available per web--interfaceinterface
•• Standard parameters: Standard parameters: 

D/G, nD/G, n00, M, , M, χχ, standard chemistry, standard chemistry
•• Extra: Extra: aa, , RRcorecore, pre, pre--shielding, shielding, σσDD, CR, , CR, ∆∆vvDD, , XXii, , 

chemicalchemical compositioncomposition
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Radiative Transfer CalculationsRadiative Transfer Calculations
multimulti--shell rayshell ray--tracing ONION, tracing ONION, SimLineSimLine, etc., etc.
calculates emergent intensities per beamcalculates emergent intensities per beam
and averaged over the whole clumpand averaged over the whole clump
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LowLow ZZ--PDRsPDRs
Theory and observations suggest that metallicity Z Theory and observations suggest that metallicity Z 
significantly changes the structure of significantly changes the structure of PDRPDR’’ss : : 

•• altered Z altered Z →→ altered gasaltered gas--phase chemistry phase chemistry 
•• altered Z altered Z →→ less dust less dust 

–– altered grain surface chemistry (e.g. formation of Haltered grain surface chemistry (e.g. formation of H22))
–– weaker extinction weaker extinction →→ deeper FUV penetration deeper FUV penetration →→ stronger stronger 

photophoto--reactionsreactions
•• altered Z altered Z →→ altered heating/cooling rates altered heating/cooling rates →→ altered altered TTequilequil..
•• dissociation/formation of Hdissociation/formation of H22 and CO change differently and CO change differently 

with Z with Z →→ standard Xstandard XCOCO factors yield incorrect results factors yield incorrect results →→
molecular gas in lowmolecular gas in low--Z systems not well traced by CO.Z systems not well traced by CO.

→→ temperaturetemperature structurestructure and and chemicalchemical stratificationstratification
dependdepend on metallicityon metallicity
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Modeling the MWModeling the MW

COBE-FIRAS:
far-infrared survey of 
the spectral line 
emission from the 
Galaxy with a 7° beam

(Fixsen et al. 1999)
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Modeling the MWModeling the MW
•• a single, spherical clump a single, spherical clump 

scenario is a very special scenario is a very special 
casecase

•• usually molecular clouds usually molecular clouds 
have a highly irregular, have a highly irregular, 
clumpy structure, far clumpy structure, far 
from simple planefrom simple plane--parallel parallel 
or spherical model cloudsor spherical model clouds

•• furthermore, molecular furthermore, molecular 
clouds are embedded in clouds are embedded in 
atomic gas, also atomic gas, also 
contributing to the total contributing to the total 
emissionemission
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Modeling the MWModeling the MW

•• observations show observations show 
an almost universal an almost universal 
clumpclump--mass mass 
distribution with distribution with 
dN/dMdN/dM∂∂MM--1.61.6……1.8 1.8 and and 
a massa mass--size relation size relation 
of Mof M∂∂RR2.32.3

(Kramer et al. 1998)(Kramer et al. 1998)
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Modeling the MWModeling the MW
Credit: NASA/JPL-Caltech/R. Hurt (SSC) 

•• MW as disk with MW as disk with 
RRtottot=18kpc and h=59pc=18kpc and h=59pc

•• nn, , χχ, and , and Z Z as function of  as function of  
galactocentricgalactocentric radius radius 
((WolfireWolfire et al. 2003)et al. 2003)

•• n(Rn(R )=10)=1044cmcm--33, , χχ(R(R )=3)=3

•• molecular gas distributed molecular gas distributed 
according to Caccording to C--M and MM and M--S S 
relation relation 

•• COBE beam (1COBE beam (1°°××55°°))

•• areaarea-- and volume filling per and volume filling per 
concentric ring

(Fixsen et al. 1999)

concentric ring
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SummarySummary
•• KOSMAKOSMA--ττ model, a spherical PDR code model, a spherical PDR code 

featuring isotropic FUV illumination and a featuring isotropic FUV illumination and a 
highly modular chemistryhighly modular chemistry

•• ZZ--dependence of the gas temperature in PDR dependence of the gas temperature in PDR 
•• ZZ--dependence of the Cdependence of the C++--layerlayer
•• Influence of geometrical beam filling on the Influence of geometrical beam filling on the 

total surface brightnesstotal surface brightness
•• Observational trend in Galactic and Observational trend in Galactic and 

extragalactic [CII]/CO(1extragalactic [CII]/CO(1--0) with metallicity 0) with metallicity 
observations can be explained with spherical observations can be explained with spherical 
PDR model resultsPDR model results
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SummarySummary
•• The connection between [CI]/CO(1The connection between [CI]/CO(1--0) and Z 0) and Z 

is more complicated, but again the is more complicated, but again the 
observational trend can be reproducedobservational trend can be reproduced

•• By applying CBy applying C--M spectra and MM spectra and M--S relations to S relations to 
the KOSMAthe KOSMA--ττ database it is possible to database it is possible to 
analyze large surveys, i.e. observations with analyze large surveys, i.e. observations with 
large beam filling large beam filling 
→→ application to a simple MWapplication to a simple MW--model in order model in order 
to explain COBE results as PDR emission to explain COBE results as PDR emission 
([CII] can only be explained partly)([CII] can only be explained partly)

•• ClumpClump--ensemble approach suitable for any ensemble approach suitable for any 
single position observation, facesingle position observation, face--on galaxy on galaxy 
scan, etc. with considerable beam filling. scan, etc. with considerable beam filling. 
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Thank you for your attention!Thank you for your attention!
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http://www.ph1.unihttp://www.ph1.uni--koeln.de/workgroups/theo_astronomy/pdr/koeln.de/workgroups/theo_astronomy/pdr/
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