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PDR —a werking definition:
Photo
[Disseciation
Region

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

Also used:
Photon Dominated Region

But much broader classification (HII regions,
PNe, ...)
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o PIDRS eccur where far-ultravielet (FUV)
radiation (6-13.6 eV) dominates the physics
(6.0, neatingl andl cooling) and determines
the chemicall composition of the gas.
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Figure:

3m-KOSMA maps of
[CI] 2-1 (color) and
CO 7-6 (contours) at
42" HPBW (0.35 pc)

20"38M20° slo »
R.A(2000) , Kk (Jakob et al. 2005 in prep.)
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spherical symmetry.

Isetropic EUV field r\™
density profile (4 parameter) N(r) = n, (—j
D/G, Z as firee parameter R

20 heating/coenling| precesses

modular, steady-state, gas-phase chemistry
(UMIST95/997...)

pre-shielding possible

external multi-shell RT code computes emergent
line intensities (co,co,Cl,Cl1,01,...)

clump-mass & mass-size relations applicable
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TThe KOSMA-t Code

TThe KOSMA-v Code Is designed to supply a
large parameter gridl oft pre-calculated model
clouds.

results available per web-interface

Standard parameters:

D/G; Ny, M; 5, standard chemistry

Extra: o, R, Pre-shielding, oy, CR, Avy, X,
chemical composition
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e KOSVA-v Code

directed illum.

single
sided
illumination

double
sided
illumination

L
b

isotropic illum.
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ergy balance
Toust gas (1) DL, 2. T) = X AR T)

heat cooling
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VVVVYVYYVYYY

*Clumpy PDRs

-Modeling the MW Radiative Transfer Calculations
multi-shell ray-tracing ONION, SimLine, etc.
calculates emergent intensities per beam

Summary
and averaged over the whole clump
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Low Z-PDRS

Theory and ehservations suggest that metallicity Z
significantly, changes the structure of PDR’s :

o altered Z — altered gas-phase chemistry
o altered Z — less dust

— altered grain surface chemistry (e.g. formation of H,)

— \Wweaker extinction,— deeper FUV penetration — stronger
phote-reactions

o altered Z — altered heating/cooling rates — altered T

= dissociation/formation of H, and CO change differently
with Z — standarnd X, factors yield incorrect results —
molecular gas In lew-Z systems not well traced by CO.

equil.

—> temperature structure and chemical stratification
depend on metallicity
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Low Z PDRS

Temperature determined
Py halancing heating and
cooling

At the Surface:
4 primary h/c precesses:

e PE heating

o H2 vib. de-excitation

e [CII] 158um fine-
structure cooling

e [Ol] 63um fine-
structure cooling
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Meaeling the MW

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

150 390 3 -30 -90 130 150 350 30 -0 -90 15D

Galactic longitude (degreas)
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Modeling the MW
e KOSNIAT s 3 single, spherical clump
SCEnario Is a Very special
*Low Z PIDRS CElse
o Usually:melecular clouads
-[CII/CO(-0) nave a highly iregular,
clumpy. structure, fiar
-[CI]/CO(L-0) from simple plane-parallel
or spherical model clouds
=M= o furthermore, molecular
clouds are embedded in
contributing to the total
e emission
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: S140/11204

e SOSHA e obsenvations show \ eolen § oMoty 27

an almost universal ) ‘
.LOW 2 PDRS Clump-maSS MCLD 126.6+24.5

distripution with Mooy
[CII/CO(L-0) dN/dMocM-2-6--1-8 and ;

a mass-size relation
[Cl|/CO(1-0
EHERE of MocR2:3
*Clumpy PDRs

NGC'?ES& NGCY538 :

- CIEDEI—Db - Be0(1-0) g
*Modeling the MW | i
*Summary e 'n |

log{Md /M)
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Coile Rtot:lSKDC and h:59pC - Midplane FUV Intensity
e 1
e 71, 7, and Z as function of &

Low Z PDRs galactecentric radius 2

(Wolfire et al. 2003) 2
*[Cll]/CO(1-0
S * Ro)=10°077, () =5
*[CI]/CO(1-0) e molecular gas distributed

according to C-Miand M-S

relation

*Clumpy PDRs
e COBE beam (1°x5°)

*Modeling the MW o
e area- and volume filling per

concentric ring
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*The KOSMA-7 Fixsen (1999) and modeled Galactic CO 1 —> 0 line intensity
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*Clumpy PDRs

*Modeling the MW

*Summary 90 60 30 O -30 -60 -90 —120 —150 —180
Galactic longitude [°]
nb=72, nr=30, t=0.5° h=59pc, z=100, d=40, uv=5, a=1.7, g=2.5, Wolfire, s_h_2
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Meaeling the MW

*The KOSMA-7 Fixsen (1999) and modeled Galactic CO 7—6 + C 370um line intensity
Code 29

s|ntroduction

*Low Z PDRS
*[CII|/CO(1-0)
-[CI]/CO(1-0)
*Clumpy PDRs

*Modeling the MW

sSummary 180 150 120 90 60 30 0 —-30 -60 -90 —120 —150 —180
Galactic longitude [°]
nb=7/2, nr=30, t=0.5° h=59pc, z=100, d=40, uv=5, a=1.7, g=2.3, Wolfire, s_h_2
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Meaeling the MW

*The KOSMA-7 Fixsen (1999) and modeled Galactic C+ 158um line intensity
Code

s|ntroduction

*Low Z PDRS
*[CII|/CO(1-0)
+[CI]/CO(1-0)
*Clumpy PDRs

*Modeling the MW

sSummary 180 150 120 90 60 30 0 -30 -60 -90 —120 —150 —180
Galactic longitude [°]
nb=72, nr=30, t=0.5°, h=59/115pc, z=100, d=40, uv=5/20, a=1.7, g=2.3, Wolfire, s_h_2/s_h
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s|ntroduction

sThe KOSMA-5
Code

o|.oW Z PIDRS

-[CII]/CO(1-0)

-[CI]/CO(1-0)

*Clumpy PDRs

*Modeling the MW

Summary

summary

KOSMA-z model, a spherical PDR code
featurnglisetrepic EUV lllumination and a
nighly: moedular chemistry.

Z-dependence of the gas temperature in PDR
Z-dependence of the C*-layer

Influence ofi geometrical beam filling on the
total surface brightness

Observational trend: in Galactic and
extragalactic [ClI]/CO(1-0) with metallicity
observations can be explained with spherical
PDR model results
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s|ntroduction

sThe KOSMA-5
Code

o|.oW Z PIDRS

-[CII]/CO(1-0)

-[CI]/CO(1-0)

*Clumpy PDRs

*Modeling the MW

Summary

summary

s [he cennection between [CI]/CO(1-0) and Z

IS more complicated, but again the
ohservational trend can be reproduced

By applying C-M spectra and M-S relations to
the KOSMA-7 datalbase It Is pessible to
analyze large surveys, I.e. observations with
large beam filling

— application to a simple MW-model in order
to explain COBE results as PDR emission
([CI1] can only be explained partly)

Clump-ensemble approach suitable for any
single position observation, face-on galaxy
scan, etc. with considerable beam filling.
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*|ntroduction:

| oW Z PIDRS

-[CII]/CO(1-0)

.[CI}/CO(1-0) Thank you for your attention!

*Clumpy PDRs

*Modeling the MW

Summary
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s|ntroduction

sThe KOSMA-5
Code

s|_ow: Z PIDRS

-[CII]/CO(1-0)

+[CI]/CO(1-0)

*Clumpy PDRs

*Modeling the MW

Summary

Workgroups

Cologne
PDR Model

Chemical
Network

Metallicity
Effects

Outlook

 Extraction
Tool

Publications

iert [

Spherical Photon Dominated Region Model

CO¢1-0)/13C0(1 -0}
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Meaeling the MW

*The KOSMA-7 Fixsen (1999) and modeled Galactic CO 5 —> 4 line intensity
Code

s|ntroduction

s|_ow: Z PIDRS

-[CII]/CO(1-0)

+[CI]/CO(1-0)

*Clumpy PDRs

*Modeling the MW

*Summary 90 60 30 O -30 -60 -90 —120 —150 —180
Galactic longitude [°]
nb=72, nr=30, t=0.5° h=59pc, z=100, d=40, uv=5, a=1.7, g=2.5, Wolfire, s_h_2
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*|ntroduction:

| oW Z PIDRS

-[CII]/CO(1-0)

[CI]/CO(1-0)

*Clumpy PDRs

*Modeling the MW

Summary
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