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Participating Models

Model

Name Authors

Aikawa H.-H. Lee, E. Herbst, G. Pineau des Forets, J. Le Bourlot, Y. Aikawa, N. Kuboi
Bensch H. Storzer, B. Koster, M. Zilinsky, U. Leuenhagen, S.Jeyakumar, F. Bensch
CLOUDY | Gary J. Ferland, Peter van Hoof, Nick P. Abel, Gargi Shaw

COSTAR | I. Kamp, F. Bertoldi, G.-J. van Zadelhoff

HTBKW D. Hollenbach, A.G.G.M. Tielens, M.G. Burton, M.J. Kaufman, M.G. Wolfire
KOSMA H. Storzer, B. Koster, M. Zilinsky, U. Leuenhagen, S.Jeyakumar, M.R6llig
Lee96mod | H.-H. Lee, E. Herbst, G. Pineau des Forets, E. Roueff, J. Le Bourlot

Leiden J. Black, E. van Dishoeck, D. Jansen and B. Jonkheid

Meijerink | R.Meijerink, M.Spaans

Meudon J. Le Bourlot, E. Roueff, F. Le Petit

Sternberg | A.Sternberg, A.Dalgarno

UCL_PDR | S. Viti, Wing-Fai Thi, Tom Bell
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Benchmark Calculations

e standard chemistry:

31 species
H, H*, H,, H,*, H;*, O, O*, OH*, OH, O,, O,
H,O, H,0*, H;0* C, C*, CH, CH*, CH,,
CH,*, CH,;, CH;*, CH,, CH,*, CH:*, CO, CO*,
HCO*, He, He™, e-

elemental abundances
He=0.1, C=1.0x10*4 O=3.0x10*4

standardized chemical network

PAH’s switched off
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Influence of one single CRP rate

solid: R(CRP + He)=1.92*¢ dashed: R(CRP + He)=0.5*C
1000? T T T T T T T T T L L T T T T

density [cm”]
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Benchmark Calculations

e standard radiation field

normalized to Draine field(1978)

cosmic-ray ionization:£=5x10-17 s-1

visual extinction: A,=6.289 X 1022 X Nij0tq
dust attenuation: Tuy=3.02 X A,
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Benchmark Calculations

Requested Quantities

For the species: H, H,, C*, C, CO, O, O,, CH, OH, e
1. local absolute volume densities (cm3) vs. depth
2. column densities (cm2) vs. depth

3. dissociation/ionization rates (s) vs. depth for H,, C, CO

4. local cooling/heating rates (erg s1 cm-3)
fine structure lines of CII(158m), OI(63,146), and
Cl(610u,370u), and photoelectric grain heating

5. gas and dust temperature for models F5-F8
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Benchmark Calculations

F1 F2
F1 completed by all 12 groups T=const T=const
F2-F4 complete by 10 groups n=103cm=3, y=10 | n=103cm3, y=10°
F5-F8 completed by 8 groups (some with F3 F4
numerical ‘noise’) TeeEia T=const
n=10°5cm-=3,x=10 | n=10%5cm3, y=10°

CLOUDY uses different chemical network

F5 F6
. =variable =variable
KOSMA/Bensch use spherical geometry S6m-2,y=10 3em-3, y=10°
results for Lee96mod are for t=108 yrs F7_ F§
=variable =variable
>5cm3, x=10 Scm 3, y=10°
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Preliminary Results

overview plots of the benchmark runs will be
available online as PDF files:

http://www.phl.uni-koeln.de/~roellig/
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Model Results F1-F8

e photoreaction rates
e densities

* heating/cooling rates
» surface brightnesses
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Model Results F1-F8

e photoreaction rates
e densities

* heating/cooling rates
» surface brightnesses
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H, photodissociation rate - n = 10° cm”, = 10
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H, photodissociation rate - n = 10° cm”, = 10
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1E-8

CO photodissociation rate - n = 10°cm®, v =10
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Clionization rate - n =10°cm™, y = 10
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Clionization rate - n =10°cm™, y = 10
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Photo-rates at first data point

Modell z AV H2 CO Cl H2/Sternb | CO/Sternb | Cl/Sternb
Aikawa 0,00E+00 0| 2,59E-10 | 1,00E-09 | 3,00E-10 | 1,01E+00 1,00E+00 | 2,00E-01
Bensch 0,00E+00 0| 2,47E-10 | 1,00E-09 | 1,50E-09 9,59E-01 1,00E+00 | 1,00E+00
CLOUDY 1,23E+14 | 7,74E-05 | 2,32E-10 | 1,38E-09 | 2,53E-12 9,02E-01 1,38E+00 -
COSTAR 0,00E+00 O | 518E-10 | 5,99E-10 | 1,17E-09 | 2,02E+00 5,99E-01 | 7,80E-01
HTBKW 4,77E+10 | 3,00E-08 | 2,60E-10 | 1,00E-09 | 1,50E-09 | 1,01E+00 1,00E+00 | 1,00E+00
KOSMA 1,00E+06 | 1,79E-11 | 2,47E-10 | 9,65E-10 | 1,50E-09 9,63E-01 9,65E-01 | 1,00E+00
Lee96mod | 5,00E+16 | 3,15E-02 | 6,74E-14 | 7,51E-10 | 2,86E-10 - 7,51E-01 -
Leiden 1,86E+14 | 1,65E-04 | 5,07E-10 | 1,77E-09 | 3,32E-09 | 1,97E+00 1,77E+00 | 2,21E+00
Meijerink 0,00E+00 | 0,00E+00 | 2,59E-10 | 1,00E-09 | 1,50E-09 | 1,01E+00 1,00E+00 | 1,00E+00
Meudon 7,90E+10 | 5,00E-08 | 4,46E-10 | 1,01E-09 | 1,68E-09 | 1,74E+00 1,01E+00 | 1,12E+00
Sternberg | 0,00E+00 | 0,00E+00 | 2,57E-10 | 1,00E-09 | 1,50E-09 | 1,00E+00 1,00E+00 | 1,00E+00
UCL_PDR | 1,70E+12 | 1,07E-06 | 2,59E-10 | 1,00E-09 | 3,00E-09 | 1,01E+00 1,00E+00 | 2,00E+00
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Photo-rates at z=5x101° cm

Modell z AV H2 CO Cl H2/Sternb | CO/Sternb | Cl/Sternb
Aikawa 5,00E+16 | 3,20E-02 | 1,33E-13 | 6,80E-10 | 2,74E-10 | 1,89E+00 7,49E-01 | 2,04E-01
Bensch 5,00E+16 | 1,00E-01 | 1,70E-14 | 7,04E-10 | 1,08E-09 2,41E-01 7,75E-01 | 8,06E-01
CLOUDY 5,00E+16 | 3,10E-02 | 8,71E-14 | 1,30E-09 | 2,54E-12 | 1,24E+00 1,43E+00 -
COSTAR 5,00E+16 | 3,20E-02 | 3,65E-13 | 4,97E-10 | 1,01E-09 - 5,47E-01 | 7,54E-01
HTBKW 5,00E+16 | 3,10E-02 | 1,66E-13 | 8,54E-10 | 1,38E-09 | 2,35E+00 9,41E-01 | 1,03E+00
KOSMA 5,00E+16 | 1,00E-01 | 1,54E-14 | 6,80E-10 | 1,08E-09 2,18E-01 7,49E-01 | 8,06E-01
Lee96mod | 5,00E+16 | 3,15E-02 | 6,74E-14 | 7,51E-10 | 2,86E-10 9,56E-01 8,27E-01 | 2,14E-01
Leiden 5,00E+16 | 2,60E-02 | 1,12E-12 | 1,54E-09 | 2,91E-09 1,70E+00 | 2,17E+00
Meijerink 4,77E+16 | 3,00E-02 | 5,04E-13 | 9,28E-10 | 1,37E-09 1,02E+00 | 1,02E+00
Meudon 5,00E+16 | 3,20E-02 | 1,60E-13 | 7,53E-10 | 1,28E-09 | 2,27E+00 8,29E-01 | 9,55E-01
Sternberg | 5,00E+16 | 3,20E-02 | 7,05E-14 | 9,08E-10 | 1,34E-09 | 1,00E+00 | 1,00E+00 | 1,00E+00
UCL PDR | 5,00E+16 | 3,20E-02 | 7,94E-14 | 7,74E-10 | 2,30E-09 | 1,13E+00 8,52E-01 | 1,72E+00
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Transformation AV-AV,eff
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rate [s™]

H, dissociation rate - n=10° cm”, y=10"
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H, dissociation rate - =10’ cm”, =10’
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rate [s™]

CO dissociation rate - n=10° cm, y=10°
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CO dissociation rate - n=10° cm”, =10
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rate [s™]

C ionization rate - n=10° cm”, =10
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rate [s™]

C ionization rate - n=10° cm”, =10
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H, dissociation rate - n=10"" cm”, =10
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H, dissociation rate - n=10"° cm”, =10
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CO dissociation rate - n=10"° cm”, =10
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CO dissociation rate - n=10>° cm, y=10
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C ionization rate - n=10"° cm™, y=10
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C ionization rate - n=10° cm™, y=10
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H,dissociation - n=10"° cm”, x=10"
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H_dissociation - n=10"° cm”, x=10"
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CO dissociation - n=10"° cm”, y=10°
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CO dissociation - n=10"° cm”, y=10"
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C ionization - n=10"° cm, y=10°
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Model Results F1-F4

e photoreaction rates
e densities

* heating/cooling rates
» surface brightnesses

5.-8. April, 2004 PDR Model Comparison



C*, C, and CO density

5.-8. April, 2004 PDR Model Comparison



C’, C, CO density - n=10° cm”, y=10

01 L
ml'_' 0,0]_ ; M
g Aikawa
~ 1E3 Bensch
= - |— CLOUDY
& 1E4 - |—— COSTAR
g HTBKW
1E5 o | —— KOSMA ) ‘ S ‘ ‘
- |- - - Lee96mod ] | T | |
01 = |- - - Leiden
_ - |- - - Meijerink
“c %9 = |- - - Meudon
2, g Sternberg
2 B3 |- - - UCL_PDR
S 1E4 E
° -
1E-5 L
01k
001 o
o 1E3 [
g 1E4 |
> 1E5 [
@ 1E6 [
S ETL
1E-8 £
1E9 L . .

1E-3

5.-8. April, 2004

A
PDR Model Compa\ﬁson

10



density [cm?]

density [cm?]

—
(3]

density [cm

C’, C, CO density - n=10° cm~, y=10

T
0.1 |
001 - | Model F1
Aikawa
1E-3 Bensch
: CLOUDY
1E4 . | —— COSTAR
i HTBKW
155 - |~ KOSMA-t ¢, } } 1 : - E
01 7 --- Le_e96mod
“: |- - - Leiden
0.01 7 Meijerink
¢ |- - - Meudon
1E3 L Sternberg
-|- - - UCL_PDR
1E-4 s
153 ? P | | | | E
01 ; [ [ [ [
0.01 L
1E-3 |
164 [
1E-5
1E-6 L
167
1E8 [ |
1E-9 C il L s s | L

1E-3

5.-8. April, 2004

0.1 1

A
PDR Model Comparison

10



0.01

density [cm™]

1E-4

1E-5

0.1

0.01

density [cm™]

1E-5 ¢
01 L
0.01 [
1E3
164 |
1E5
166
1E7
1E-8 [

1E-9 E
1E-3

density [cm?]

0.1}

1E-3 ¢

1E-3 ¢

1E-4 |

C’, C, CO density - n=10° cm”, =10, variable T

Model F5
Bensch
——— CLOUDY
— COSTAR
. HTBKW

. |——KOSMA

- |- - = Meijerink
= |= = = Meudon

- |- - - UCL_PDR

5.-8. April, 2004

A
\
PDR Model Comparison




density [cm™] density [cm™]

density [cm™]

0.1

0.01

1E-3

1E-4

1E-5

0.1

0.01

1E-3

1E-4

1E-5

0.1
0.01
1E-3
1E-4
1E-5
1E-6
1E-7
1E-8
1E-9

1E-3

5.-8. April, 2004

C’, C, CO density - n=10° cm™, y=10, variable T

T T LI B B B B R | T LI B B |

T T

LI B B B | T

Model F5
Bensch
CLOUDY
—— COSTAR
HTBKW — - — - -

—— KOSMA-t
= = —Leiden
Meijerink
- — - Meudon
Sternberg
- - -UCL_PDR

| BLBRALLLL LB LI B R L lllnnl LELRLALLL B LR B R B R TTT

-
| e
—/"'
— -
-— =

M TR TTTTY EETEERTTT TS TTTT EETETEY 17 B (Y117 SRS TTTTY BT AT EErE W T B

|

L LALL BLRLL BLALL BALL ELALLL L BLAL LU IIII

]

Y YT BT

|

sovwel vovmed ool oo ool vood o oinml 1eu

MR |

PDR Model Comparison

1 10



C’, C, CO density - n=10°cm™®, y = 10°

01

- | Model F2 ’”’””’””’_—"_"_'_‘_‘_‘_-_-_:: T E
5 001 Bensch . ~ . ]
S - |— CLOuUDY C E
(&) C - 1
= 1E3 COSTAR i
= g HTBKW
S 14 | KOSMA ]
© - |- - — Lee96mod
1EsL |77 Meijerink ]
— - — — Meudon } |
01¢ Sternberg c - L-—- 3
001¢ |---UCLPDR}y =~ ___---7 - E
s IE3 p - = - ——————m mELETLELT P .
€ 14l B
G, 1E4 -
> 1E5 b
% 1E-6 3 3
S 167 ¢ ]
1E8 E 3
01¢t e
0,01 £ E
1E-3 [ E
1E-4 C .
o 1ESC
€ 1E7. 3
= 1E8 [ E
> 1E9 ¢ E
Z 1E-10 ¢ 3
c 1E-11 & 1
© 1E-12 [ E
T 1E13 E 3
1E-14 [ 1
1E-15 | 3
1E-16 F w !
0,1 1 10

5.-8. April, 2004

AV
PDR Model Comparison



density [cm™] density [cm’]

density [cm™]

C’, C, CO density - n=10°cm™, y = 10°

0.1

Model F2
Bensch
CLOUDY
———COSTAR
HTBKW
—— KOSMA-t
- Lee96mod
- Leiden
Meijerink
- Meudon
Sternberg
- UCL_PDR

0.01

1E-3

1E-4

©

o

[y
U NERALL AL
! |

T =TT F‘ UL L DL IR L

CO

5.-8. April, 2004

PDR Model Comparison

10



density [cm?]

1E-5 &

01c%
0,01 L
1E-3 L
1E-4 L
1E-5 L
1E-6 L
1E-7
1E-8 E

159
0,01 E
1E-3 L
1E-4 ¢
1E-5 &
1E-6 &
1E-7 £
1E-8 L
1E-9 £
1E-10 E
1E-11 E
1E-12 E
1E-13 E
1E-14 &

density [cm?]

density [cm™]

1E-15

1E-16 E

01
0,01 |
1E3 |

1E-4 &

C’, C, CO density - n=10° cm”, =10, variable T

Model F6
Bensch

—— CLOUDY

— COSTAR
HTBKW

— KOSMA

- = = Meijerink

- - = Meudon

- - - UCL_PDR

1E-3

5.-8. April, 2004

01

PDR Model Compz?r\llson

10




density [cm?]

density [cm?]

density [cm?]

C’, C, CO density - n=10°

cm

-3
)

x=10", variable T

TT

T

LI | T

0.1

0.01

1E-3
Model F6
Bensch
CLOUDY
—— COSTAR
HTBKW
— KOSMA-t
- — — Leiden
Meijerink
- - - Meudon
Sternberg
- - - UCL_PDR

1E-4

1E-5

0.1
0.01
1E-3
1E-4
1E-5
1E-6

T T T T

1E-7
1E-8

LU B UL B BRRRLL BLLLLL B AL BLRL LU SRR B R B R LU R L

PR IRRTTTT AT ARRT!ITTY BN (AT BT R ATTT B R T BT RTTTT B AN

152
0.01
1E-3
1E-4
1E-5
1E-6
1E-7
1E-8
1E-9
1E-10
1E-11
1E-12
1E-13
1E-14

CO

LU R L R L RLU L L R R L L L R L

1E-15
1E-16

PR |

Lﬂuﬂlﬂuﬂ1ﬂ1ﬂuﬂ1ﬂlﬂuﬂlﬂlﬂuﬂlﬂlJl FRTTT IRRTTT IRRTIT T AT AT

1E-3

5.-8. April, 2004

PDR Model Comparison

10



C’, C, CO density - n=10>° cm™, y=10

A
5.-8. April, 2004 PDR Model Comparison

100 ¢ ‘ T T T

—

e 0if Model F3

%0,015 Bensch -

= 1E-3;— —— CLOUDY 7

& 164 —— COSTAR ;

© s b HTBKW .

‘—KOSMA

- - - Lee96mod

10 ¢ - = = Meijerink E

1L - - - Meudon -

"-’E 0,1% Sternberg ,

.2. 0]01; - - = UCL_PDR é

> E 3

S 1E3 L E

S g E

= 1E-4? =

1E5 ¢ 1

L -+ 1+ 1+ - -+ ] ]

10

£ 1k ]

> i E

= B - ]

T 01k _— _ === T- - ]

0,017 RN Ll Ll Ll | Ll |
1E-5 1E-4 1E-3 0,01 0,1 1 10



C’, C, CO densit

y - n=10"° cm”, 4=10

100 . . -
10 [
1k
“'Z 01l
(&)
> 2% | Model F3
9 B3 ¢ Bensch
S 1E4 | CLOUDY
15 |——COSTAR
HTBKW
10 |—— KOSMA-t
1. |~~~ Lee96mod
I S Leiden
g - Meijerink
> %% |- - - Meudon
9 B3¢ Sternberg
® €4 |- - - UCL_PDR

5.-8. April, 2004

PDR Model Comparison



C’, C, CO density - n=10>° cm”, =10, variable T

=

?

m
o
=

T

Model F7

CLOUDY

——— COSTAR
HTBKW

—— KOSMA

- = = Meijerink

- - - Meudon

- - - UCL_PDR

density [cm™]
- S

o
[EEY

0,01

6{0)

1E-5

5.-8. April, 2004

PDR Model Comparivson

01

10




density [cm™] density [cm™]

density [cm?]

100
10

0.1
0.01
1E-3
1E-4
1E-5
1E-6

100
10

0.1
0.01
1E-3
1E-4
1E-5
1E-6

=
o

LB L |

=
[N

0.01

C’, C, CO density - n=10"° cm”, y=10", variable T

- - -UCL_PDR

E T T T T lllll T T T lllll T T T T lllll T T T 1 lllll T T T 1 lllll T T T T lllll T T T T lllll T T T lllll 3
N e R P e e R RS B RS R [ ! T
E - | D + E
g VI N C L
3 A E
E L] 3
3 (] E
- ] S E
r ' 1
F N ——
£ | Model F7 3
e Bensch T
. CLOUDY p———++++ ————HHH ————HHH ————HHH — -+ : HHH—
——1 COSTAR T R R T R R S = - 'i
= HTBKW == ~ 3
—— KOSMA-t “, E

- — —Leiden ! 3
Meijerink E

= = =Meudon .
Sternberg E

_

LR ILALLL BLRLLL BLRLULL BRRLL BRI L R B LR

LBLRLERLLL |

LILELE [LLL |

1 Lol

L1l 1 1

Ll 1 1

Ll

1

' Iluu sond 1ol 3

Q
o
T |

L1l

L annl

Ll

1E-7

1E-6

5.-8. April, 2004

1E-4 1E-3

PDR Model Comparison

10



100 .

C’,C, CO density - n=10°° cm®, y=10°

[any
= o
T T

o
[E
T

0,01 L

density [cm?]

1E-3 L

1E-4 L
10 £

01kL
001 [

Model F4

Bensch

— CLOUDY
—— COSTAR

HTBKW

— KOSMA

Lee96mod
Meijerink
Meudon
Sternberg
UCL_PDR

1E-3 2
164 |

density [cm?]

1E5 |

- — -

10 |

01 L
0,01 &
1E-3 ¢
1E-4 |
1E-5 &

1E-6 &
1E-7 L

density [cm™]

1E8 £

1E-9 C
0,1

5.-8. April, 2004

04 05 06 0708091 2
A

PDR Model Compariéon

N

0



density [cm] density [cm™]

density [cm?]

100

=
o

[EEY

O
[EEY

0.01
1E-3

1E-4

10

0.1
0.01
1E-3
1E-4
1E-5

10

©
s

0.01
1E-3
1E-4
1E-5
1E-6
1E-7
1E-8
1E-9

o

o
=

C’,C, CO density - n=10°° cm®, y=10°

——— ————— ——— — — —

Model F4

Bensch
CLOUDY

—— COSTAR

HTBKW

—— KOSMA-t

Lee96mod

Leiden
Meijerink
Meudon
Sternberg
UCL_PDR

— ———

CO

5.-8. April, 2004

PDR Model Comparison



100 ¢

C’, C, CO density - n=10°° cm™, y=10°, variable T

10 ¢

o
[EE

0,01 |
163

density [cm?]

1E-4
165 ©

100; b+

10 -

Model F8
CLOUDY
00LF | ——COSTAR
1E3 ¢ HTBKW
1E-4 & |—— KOSMA
1E5L |- - - Meijerink
100 .|~ = = Meudon
100 |--- UCL_PDR

o
[EE
I

density [cm?]

1
01 E
0,01 |
1E-3 L
1E-4 |
1E-5 L
1E-6
1E-7 L
1E-8 L
1E-9 © L

density [cm?]

1E-5 1E-4

5.-8. April, 2004

PDR Model Compariéon

1 10
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Hand H, density - n=10° cm”, y=10", variable T
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H and H, density - n=10"" cm”, =10
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O and O, density - n=10"" cm”, =10
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O and O, density - n =10°° cm”, 3, = 10°

5.-8. April, 2004

T T ] I
100 e —
F N\ N \
- N
- | Model F4 \ -
—_ i Bensch 0 \ ,
®_ 10 L |——CLOUDY \\,
g - | ——COSTAR ;
; - HTBKW
= | | ——KOSMA
8 — — -Lee96mod
© 1 |- - -Meijerink
© - | = = -Meudon
i Sternberg
. |- = -UCL_PDR
100 ‘ | ———H | | | |
10
1o
01 =
& 0,0lé
E 1E3 -
o g
— 1E4 -
2 g
g 1E-5 3
© 1ET7 L
1E-8 &
1E-9 ;‘-'h‘—b‘—i——b‘%'—b‘—u——‘b_‘—“b“— T T - - - — ==
1E'10 = L I 1 | \ | | ‘
0,01 0,1 1 10
Av

PDR Model Comparison



Oand O, density - n =10°°cm”, 3 = 10

T ‘ T ‘
100 e e - —
c m_\
- | Model F4 O
B Bensch
o 10 L CLOUDY
£ - | ——COSTAR
= L HTBKW
2 " | —— KOSMA-t
& " |= = -Lee96mod
Q 1. |- — -Leiden
© F Meijerink
- |= = -Meudon
L Sternberg
-UCL_PDR |
100 © ] | | T R S B A =
10 & =
1t E
01¢%t .
s 001 % 02 _____ é
€ 1E3: e e e e === =TT 5
O E 3
— 1E4 - =
2 F 3
g) 1E-5 3 E
o 1E-6 3 -
S 1E7 - E
1E-8 [ = =
£ T ———— 1
1E-9 S ST S e o= o= o i o M E
1E_10 C I I I I R L | ]
0.01 0.1 1 10
Av

5.-8. April, 2004

PDR Model Comparison



OH and CH density

5.-8. April, 2004 PDR Model Comparison



OH and CH density - n=10° cm”, y=10
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OH and CH density - n=10> cm”, y=10
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OH and CH density - n=10°cm”, y=10°
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OH and CH density - n=10"° cm~, y=10
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OH and CH density - n =10°° cm”, y = 10°
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Model Results F1-F8

e photoreaction rates
e densities

* heating/cooling rates
« surface brightnesses
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Ol an CI cooling lines - n=10° cm™, =10
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Ol an CI cooling lines - n=10° cm”, x=10
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Ol an CI cooling lines - n=10° cm”, y=10°
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Ol and Cl cooling lines - n=10>° cm™, y=10", variable T
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C’(158p) cooling and PE heating - n=10° cm”, y=10°
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C’(158p) cooling and PE heating - n=10> cm”, y=10°
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C’(158p) cooling and PE heating - n=10° cm, y=10°, variable T
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C'(158p) cooling and PE heating - n=10>° cm™, =10
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C’(158p) cooling and PE heating - n=10"° cm™, y=10", variable T
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C(158u) coollng and PE heating - n= 10 >cm”, x=10", varlabIeT
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C*(158p) cooling and PE heating - n=10"° cm”, y=10"
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C’(158p) cooling and PE heating - n=10"° cm”, y=10°, variable T
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Model Results F1-F8

e photoreaction rates
e densities

* heating/cooling rates
e surface brightnesses
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surface brightness - n=10°cm?, x =10
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[CII] 158u [O1] 63 [Ol] 146y [CI] 6101 [CI] 370u

Bensch CLOUDY | HTBKW KOSMA Leiden Meudon Sternberg | UCL_PDR
[Cll] 158y | 1,58E-04 | 3,83E-05 | 3,79E-05 | 5,00E-05 | 2,43E-05 | 2,88E-05 6,42E-05 4,77E-05
[Ol] 63u 1,68E-05 | 3,02E-06 | 5,89E-06 | 1,19E-05 | 3,39E-06 | 6,34E-06 1,78E-05 9,77E-06
[Ol] 146p | 9,24E-07 | 1,18E-07 | 1,70E-07 | 6,69E-07 | 4,86E-08 | 9,23E-08 5,88E-07 6,76E-05
[Cl] 610p | 4,11E-07 | 1,55E-06 | 8,59E-07 | 5,84E-07 | 8,51E-07 | 1,04E-06 1,21E-06 4,51E-06
[Cl] 370p | 6,82E-07 | 3,54E-06 | 2,15E-06 | 9,94E-07 | 2,21E-06 | 2,10E-06 3,54E-06 1,51E-05
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surface brightness - n=10’cm®, x =10

T T T T
1E-4 -
F A i
1E-5 | .
» I ]
S
c 1E-6 =
o F ]
2 [ | Model F1 i
5 1E-7 | —il— Bensch _
— F | —@®— CLOUDY
=7 X HTBKW 3
[ | ¥ KOSMA-c ]
Leiden

1E-8 £ | —»— Meudon 3
| —— Sternberg .
[ UCL_PDR i

I 1 1 1 1

[CII] 158u [Ol] 63u [Ol] 146 [CI] 610u [CI] 370u

Bensch CLOUDY | HTBKW KOSMA Leiden Meudon Sternberg | UCL_PDR

[ClI] 158u | 5.22E-5 2.31E-5 3.51E-5 6.19E-5 2.14E-5 2.90E-5 3.51E-5 2.96E-5

[Ol] 63 1.76E-5 3.80E-6 5.67E-6 1.22E-5 3.50E-6 8.78E-6 5.80E-6 1.53E-4

[Ol] 146u | 1.02E-6 1.60E-7 1.79E-7 7.79E-7 1.29E-7 1.43E-7 1.85E-7 3.59E-7

[Cl] 610n | 1.16E-6 1.56E-6 8.96E-7 1.63E-6 8.31E-7 9.44E-7 6.88E-7 1.32E-6

[CI] 370p | 2.2E-6 3.56E-6 2.36E-6 3.16E-6 2.25E-6 1.90E-6 1.64E-6 3.81E-6
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surface brightness - n=10> cm?, 3 = 10°
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[CII] 158u [O1] 63 [Ol1] 146y [CI] 610u [CI] 370

Bensch | CLOUDY | HTBKW | KOSMA | Meudon | Sternberg | UCL_PDR
[CH] 158u | 1,58E-04 | 8,93E-05 | 9,10E-05 | 1,63E-04 | 1,16E-04 9,78E-05 8,77E-05
[Ol] 63u 1,68E-05 | 3,80E-06 | 7,59E-06 | 1,23E-05 | 9,08E-06 2,03E-05 1,54E-05
[Ol] 146p | 9,24E-07 | 8,48E-08 | 3,93E-07 | 7,01E-07 | 1,16E-07 6,43E-07 1,94E-04
[Cl] 610p | 4,11E-07 | 8,53E-07 | 2,28E-06 | 4,93E-07 | 3,20E-06 3,81E-06 4,56E-06
[CIl] 370p | 6,82E-07 | 1,79E-06 | 6,35E-06 | 8,35E-07 | 7,41E-06 1,09E-05 1,53E-05
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surface brightness - n=10° cm?, = 10°

T ' T T T
1E-3 | -
1E-4 £ RS .

C (N} =
* L ]
"c 1E5 | J
o F ]
2 [ | Model F2 ]
5 1E-6 | —il— Bensch _
— E | —@— CLOUDY
|_°° C HTBKW N
[ | ~w— KOSMA-c ]
Leiden

1E-7 £ | —»— Meudon 3
| —@— Sternberg .
[ UCL PDR ]

I 1 1 1 1

[CII] 1581 [O1] 63u [O1] 1461 [CI] 610y [CI] 370u

Bensch | CLOUDY | HTBKW | KOSMA | Leiden Meudon Sternberg | UCL_PDR

[CII] 158u | 1.78E-4 | 6.72E-5 9.29E-5 | 1.97E-4 | 7.18E-5 | 1.13E-4 9.28E-5 8.77E-5

[Ol] 63 1.71E-5 | 4.31E-6 8.35E-6 | 1.29E-5 | 0.00194 | 1.12E-5 8.58E-6 1.75E-4

[Ol] 146p | 1.07E-6 1.46E-7 2.15E-7 | 8.71E-7 1.79E-4 1.73E-7 2.23E-7 4.72E-7

[Cl] 610p | 4.01E-6 | 2.49E-6 2.36E-6 | 5.04E-6 | 1.46E-6 | 2.89E-6 2.11E-6 2.54E-6

[CI] 370n | 9.2E-6 1.79E-6 6.82E-6 | 1.22E-5 | 3.43E-6 | 6.53E-6 5.73E-6 8.13E-6
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surface brightness - n=10°° cm”, y = 10"

] ] ] ] ]
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= X HTBKW ; ]

[ | —w— KOSMA & )
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1E-7 F | —@— Sternberg =
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i I I I I I |

[Cll] 158u [O1] 63u [O1] 146p [CI] 610p [CI] 370

Bensch | CLOUDY | HTBKW | KOSMA [ Meudon | Sternberg | UCL_PDR
[CHl] 158y | 2,37E-05 | 2,32E-05 | 1,66E-05 | 4,17E-05 | 2,34E-05 2,12E-05 1,98E-06
[Ol] 63u 8,64E-04 | 2,08E-04 | 2,85E-04 | 7,57E-04 | 4,94E-04 3,84E-04 4,98E-05
[Ol] 146 | 8,23E-05 | 7,70E-06 | 9,65E-06 | 6,26E-05 | 8,63E-06 2,02E-05 4,81E-05
[Cl] 610pn | 1,60E-07 | 1,57E-06 | 1,20E-07 | 3,07E-07 | 3,03E-07 2,33E-07 2,13E-07
[CI] 370p | 6,78E-07 | 6,49E-06 | 5,11E-07 | 1,30E-06 | 1,21E-06 9,86E-07 9,00E-07
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surface brightness - n=10"° cm™, y = 10"

1E-3 | 3

1E-4 | J

5 [ / :

e 1ESE J

o F 3

g [ Model F3 i

S 1E-6 | —il— Bensch |

— F | —@— CLOUDY

= C HTBKW ]

[ | —¥— KOSMA-t )

Leiden

1E-7 E | —»— Meudon E

C | —@— Sternberg ]

[ UCL_PDR ]

I | | |
[CIl] 158 [O1] 63 [O1] 146 [CI] 610u [CI] 370U
Bensch | CLOUDY | HTBKW | KOSMA | Leiden Meudon Sternberg | UCL_PDR

[ClI] 158 | 2.35E-5 1.37E-5 1.72E-5 | 3.74E-5 | 2.25E-5 | 2.58E-5 1.60E-5 1.63E-5
[Ol] 63u 8.7E-4 2.52E-4 2.75E-4 | 7.75E-4 | 1.87E-4 | 5.65E-4 2.81E-4 3.77E-4
[Ol] 146 | 8.55E-5 1.33E-5 9.61E-6 | 6.81E-5 | 6.06E-6 1.32E-5 1.00E-5 2.27E-5
[Cl] 610p | 1.61E-7 1.20E-6 1.31E-7 | 2.79E-7 | 9.27E-7 | 3.25E-7 1.11E-7 3.08E-7
[CI] 370n | 6.76E-7 | 6.49E-6 5.5E-7 1.17E-6 | 3.82E-6 1.36E-6 4.64E-7 1.30E-6
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surface brightness - n=10"°cm®, y = 10°

| | | | |

1E-3 | -
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2 [ | Model F4 ]
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= X HTBKW ]

[ | ~w— KOSMA )

—p— Meudon

1E-7 £ | —@— Sternberg E

UCL_PDR
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[ClI] 158 [O1] 63 [O1] 146p [CI] 6101 [CI] 370u
Bensch | CLOUDY | HTBKW | KOSMA | Meudon | Sternberg | UCL_PDR
[Cll] 158u | 2,51E-04 | 1,59E-04 | 1,21E-04 | 3,06E-04 | 1,85E-04 1,46E-04 1,14E-04
[Ol] 63u 8,78E-04 | 2,61E-04 | 2,05E-04 | 7,88E-04 | 5,64E-04 3,76E-04 2,42E-04
[Ol] 146p | 8,65E-05 | 1,33E-05 | 1,42E-05 | 7,15E-05 | 1,30E-05 2,76E-05 6,48E-04
[Cl] 620p | 2,88E-07 | 1,80E-06 | 9,26E-07 | 5,78E-07 | 7,33E-07 1,48E-06 1,46E-06
[CI] 370u | 1,22E-04 | 7,41E-06 | 3,87E-06 | 2,44E-06 | 3,06E-06 6,16E-06 6,04E-06
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surface brightness - n=10"° cm®, y = 10°
| | | | |

1E-3

:

[EEN
I
SN

Model F4
—i— Bensch
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—w¥— KOSMA-t
Leiden
—p— Meudon
—4— Sternberg
IUCL PDR
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T [ergs cm”sr]

H
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1E-6
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[CII] 158 [O1] 63p [O1] 1461 [CI] 610p [CI] 370p

Bensch | CLOUDY | HTBKW | KOSMA | Leiden Meudon | Sternberg | UCL_PDR

[Cll] 158 | 2.6E-4 1.24E-4 1.23E-4 | 3.17E-4 | 9.76E-5 | 1.94E-4 | 1.22E-4 1.11E-4

[Ol] 63u 8.89E-4 | 2.70E-4 3.12E-4 | 8.17E-4 | 0.00128 | 6.14E-4 | 3.21E-4 3.89E-4

[Ol] 146p | 9.17E-5 | 1.56E-5 1.43E-5 | 7.98E-5 | 5.87E-5 | 1.78E-5 | 1.49E-5 2.53E-5

[Cl] 610u | 4.71E-7 | 1.42E-6 9.20E-7 | 1.33E-6 | 1.52E-6 | 6.85E-7 | 7.60E-7 1.56E-6

[Cl] 370p | 1.97E-6 | 5.89E-6 3.82E-6 | 553E-6 | 5.17E-6 | 2.86E-6 | 3.16E-6 6.43E-6

5.-8. April, 2004 PDR Model Comparison



surface brightness - n=10> cm®, y = 10", variable T

1E3 E T T T T T 4
1E-4 4
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g 1E-7 i Model F5 1
E —l— Bensch
—_ —@— CLOUDY
@ HTBKW
- 1E-8 —w¥— KOSMA
—p— Meudon
UCL PDR
1E-9
| | | |
[Cl] 1581 [O1] 63u [Ol] 146p [CI] 610p [CI] 3701
Bensch CLOUDY | HTBKW KOSMA Meudon UCL_PDR
[Cll] 158 | 1,84E-05 | 6,20E-06 | 4,33E-05 | 2,50E-05 | 1,11E-05 2,11E-05
[Ol] 63u 1,16E-06 | 2,11E-08 | 6,29E-06 | 1,59E-06 | 2,46E-07 1,42E-06
[Ol] 146p | 2,17E-08 | 1,77E-10 | 2,66E-07 | 4,59E-08 | 1,82E-09 1,09E-05
[Cl] 610p | 4,22E-07 | 2,64E-07 | 8,88E-07 | 5,19E-07 | 5,10E-07 4,10E-06
[Cl] 370 | 2,03E-07 | 8,10E-05 | 1,03E-06 | 2,33E-07 | 1,65E-07 1,27E-05
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surface brightness - n=10> cm®, y = 10", variable T

1E-4 3 T T T T T 3
1E-5 =
® 1E-6 | .
o = ]
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o 1E-7 | Model F5 ]
5 - | —#— Bensch 3
— - | —@— CLOUDY .
|_°° L HTBKW J
1E-g £ | Y KOSMA~ J
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C | —»— Meudon 3
- | —@— Sternberg T
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[CII] 1581 [Ol] 63u [Ol] 146u [CI] 610u [CI] 370u

Bensch | CLOUDY | HTBKW | KOSMA | Leiden Meudon Sternebrg | UCL_PDR

[Cll] 158 | 2.47E-5 | 2.02E-5 3.86E-5 | 3.12E-5 1.97E-5 | 2.68E-5 2.70E-5 4.80E-5

[Ol] 63 2.31E-6 | 1.03E-6 4.46E-6 | 2.44E-6 | 2.83E-6 | 3.90E-6 2.75E-6 1.98E-5

[Ol] 146p | 5.19E-8 | 3.97E-8 2.17E-7 | 8.50E-8 | 1.56E-7 | 8.21E-8 1.31E-7 8.25E-7

[Cl] 610pn | 6.17E-7 | 6.38E-7 8.08E-7 | 6.75E-7 [ 3.25E-7 | 6.70E-7 3.99E-7 8.64E-7

[Cl] 370n | 2.81E-7 | 4.67E-7 9.06E-7 | 3.22E-7 | 2.43E-7 | 3.35E-7 2.32E-7 1.19E-6
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surface brightness - n=10> cm™, y = 10°, variable T

T T T T
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[ I I I I I i
[CII] 1581 [Ol] 63u [Ol] 146 [CI] 610u [CI] 370
Bensch CLOUDY | HTBKW KOSMA Meudon UCL_PDR
[ClI] 158 | 4,86E-04 | 1,22E-04 | 3,98E-04 | 5,39E-04 | 2,34E-04 4 89E-05
[Ol] 63u 6,72E-04 | 1,59E-05 | 1,54E-03 | 6,98E-04 | 3,61E-05 3,15E-06
[Ol] 146 | 1,78E-05 | 3,74E-07 | 1,36E-04 | 3,67E-05 | 4,20E-07 2,32E-05
[Cl] 610n | 4,13E-07 | 2,32E-05 | 2,77E-06 | 4,42E-07 | 1,76E-06 4 57E-06
[Cl] 370 | 2,20E-07 | 9,34E-08 | 7,08E-06 | 2,13E-07 | 1,99E-06 1,40E-05
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surface brightness - n=10° cm?®, y = 10°, variable T

C T T T T T ]
1E-3 =
— 1E4 .
I ]
5 1ESE J
g [ | Model F6 :
5 " | —— Bensch )
— 1E-6 [ | @ CLOUDY 3
R E 3
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L | —9— KOSMA-t —* 4
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[CII] 1581 [Ol] 63u [Ol] 146 [CI] 610u [CI] 370u

Bensch | CLOUDY | HTBKW | KOSMA | Leiden Meudon | Sternberg | UCL_PDR

[Cll] 158 | 5.33E-4 1.78E-4 4.05E-4 | 6.53E-4 | 2.09E-4 | 2.64E-4 | 3.59E-4 5.23E-4

[Ol] 63 0.00191 | 6.49E-5 0.00143 | 0.00195 | 0.00251 | 9.60E-5 | 0.00127 0.00146

[Ol] 146 | 6.94E-5 | 3.02E-6 1.12E-4 1.14E-4 | 2.11E-4 1.91E-6 | 9.48E-5 6.40E-5

[Cl] 610p | 7.26E-7 | 2.07E-6 2.75E-6 | 9.28E-7 | 3.66E-7 | 2.05E-6 | 5.60E-7 2.07E-6

[CI] 370n | 4.62E-7 | 9.34E-8 7.00E-6 | 6.33E-7 | 5.43E-7 | 2.37E-6 | 4.47E-7 2.89E-6

5.-8. April, 2004 PDR Model Comparison
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5.-8. April, 2004

surface brightness - n=10>° cm®, y = 10", variable T

| | | | |
1E-3 E 4
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- | | Model F7 ]
1E-7 E | @ cLouDY 3
" HTBKW ]
[ | —w— KOSMA i
1E-8 —p— Meudon
UCL PDR
1E-9
| | | | |
[CIl] 158U [O1] 63u [O1] 1464 [CI] 610u [CI] 370u
CLOUDY | HTBKW KOSMA Meudon UCL_PDR
[CII] 158 | 6,92E-06 | 8,32E-06 | 1,35E-05 | 6,51E-06 3,80E-06
[Ol] 63u 2,50E-06 | 9,92E-06 | 5,14E-06 | 4,13E-06 7,57E-07
[Ol] 146u 1,28E-08 | 5,44E-08 | 4,89E-08 | 1,41E-08 3,32E-06
[CI] 610u 1,12E-06 | 1,35E-07 | 3,52E-07 | 2,83E-07 1,94E-07
[CI] 370p | 1,93E-06 | 3,90E-07 | 8,19E-07 | 5,67E-07 | 3,29E-07

PDR Model Comparison




surface brightness - n=10°° cm™, y = 10", variable T

1E-4 ¢ . . T T . 3
L =0 -
1E-5 . § == E
5 1E6 /' $
e [ | Model F7 /" X
o [ o 4 i
= —Hl— Bensch / -/
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1E-8 | | | | |
[CII] 158 [O1] 63 [O1] 1461 [CI] 610p [CI] 370u
Bensch CLOUDY | HTBKW | KOSMA-t | Leiden Meudon Sternberg | UCL_PDR

[Cll] 158u | 1.04E-5 9.21E-6 7.39E-6 | 1.51E-5 6.28E-6 1.19E-5 8.73E-6 1.39E-5

[Ol] 63u 6.59E-6 1.66E-5 6.53E-6 | 7.45E-6 1.18E-5 1.67E-5 1.19E-5 6.44E-5

[Ol] 146 | 5.67E-8 1.62E-7 3.34E-8 | 7.62E-8 8.7E-8 8.27E-8 7.96E-8 8.88E-7

[Cl] 610u | 1.86E-7 1.12E-6 1.49E-7 | 3.11E-7 1.06E-7 3.13E-7 1.17E-7 2.94E-7

[CI] 370u | 4.86E-7 2.98E-6 3.94E-7 | 9.00E-7 3.40E-7 7.82E-7 3.465E-7 1.02E-6

5.-8. April, 2004 PDR Model Comparison
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surface brightness - n=10>° cm®, y = 10°, variable T

0'1 | | | | |
0.01
1E-3
< 1E-4
»
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o
g 1E-6 Model F8
S —@— CLOUDY
— 1E-7 HTBKW
|_°° —w¥— KOSMA
—p— Meudon
1E-8 UCL PDR
1E-9
| | | | |
[CII] 158 [Ol] 63u [Ol] 1461 [CI] 610p [CI] 370u
CLOUDY | HTBKW [ KOSMA | Meudon | UCL_PDR
[CIl] 158u | 4,65E-04 | 7,18E-04 | 1,03E-03 | 5,32E-04 4 72E-04
[Ol] 63 5,10E-03 | 3,76E-02 | 4,28E-02 | 2,65E-02 4 91E-04
[Ol] 146p | 2,58E-04 | 1,80E-03 | 1,80E-03 | 7,36E-04 3,22E-02
[Cl] 610n | 1,45E-06 | 6,96E-07 | 5,03E-07 | 6,85E-07 6,62E-08
[CI] 370u | 3,49E-06 | 4,65E-06 | 2,15E-06 | 2,94E-06 3,64E-07
PDR Model Comparison
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surface brightness - n=10°° cm®, y = 10°, variable T

0.1 I I I I
0.01
— 1E-3 :
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9O, 1E-5 F | ¢ cLouDY
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1E-7 | | | | |
[CIl] 158 [O1] 63 [O1] 146 [CI] 610u [CI] 370p
Bensch CLOUDY | HTBKW [ KOSMA-t | Leiden Meudon Sternberg | UCL_PDR
[CII] 158u 5.74E-5 6.79E-4 | 0.00108 3.37E-4 6.50E-4 5.57E-4 4.45E-4
[Ol] 63u 0.02923 0.03377 | 0.05526 0.02422 0.03845 0.02895 0.08385
[Ol] 146 0.00128 0.00177 | 0.0022 9.07E-4 0.00123 0.00129 0.00246
[CI] 610u 1.42E-6 7.07E-7 | 7.97E-7 1.35E-6 5.79E-7 7.46E-7 1.58E-7
[CI] 370u 7.41E-6 455E-6 | 3.05E-6 5.24E-6 3.06E-6 2.41E-6 8.21E-7

5.-8. April, 2004

PDR Model Comparison




Model Results F5-F8

 {emperature
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L n=10° cm”, y = 10
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Temperature [K]
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Temperature [K]

T - n=10° cm”, y = 10°
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Temperature [K]
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