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Star and planet formation
van Dishoeck & Blake 1998
image by M.R. Hogerheijde



Flaring disk, puffed-up inner rim
Natta et al. 2001

Dullemond, Dominik & Natta 2001



Disk SED
Natta et al. 2001

Dullemond, Dominik & Natta 2001

PAH



• PAH � carbon skeleton,
can be in large number of
charge/hydrogenation states

• Cation � positive charge (single, double, ...)
• Anion � negative charge (single, double, ...)

Some definitions



PAHs are everywhere!



blue: 3.6 � m

green: 4.5 � m

orange: 5.8 � m

red: 8.0 � m (PAH)

Each star 10- 20 Msun

2 pc across
1 kpc away in Cygnus



blue:
3.6 � m

green:
4.5 � m

orange:
5.8 � m

red:
8.0 � m
(PAH)

SG, face on
2 Mpc away
in Sculptor



“Flying Saucer”

Circumstellar disk 
in � Oph

150 pc away



PAHs observed in disks
Geers et al. in prep.
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Why study PAHs in disks?

• They are there
• Tracers of warm upper layer,

potentially very detailed
• Heating/cooling



Questions to be answered

• What do PAHs tell us about the disk 
(e.g. temperature, geometry)?

• How does their chemical, physical 
behaviour affect the disk?

• What PAHs are present in disks?
• Where in the disk can they be found?



Isolated PAH spectrum (1)

neutral
(Z=0)

ionized
(Z=+1)

C50H20



Isolated PAH spectrum (2)

ionized (Z=+1)

C50H20
+

C24H12
+



Chemistry and IR emission

• Reactions:
– PAH + UV � PAH+ + electron
– PAH + electron � PAH- + IR
– PAH + UV � PAH- 1+ H
– PAH + H � PAH+1 + IR

• Distribution of charge/hydro states
• Each charge/hydro state: 

calculate IR spectrum

Le Page et al. 2001, 2003
Weingartner & Draine 2001

Draine & Li 2001



Photoprocesses

• UV absorption � ionization?
If not, then dissociation or radiative cooling

• Rate: � x =    (1-Yion)Yx� absNphdE

Yx = kx / � ki

� �

� 0



Photodestruction (1)

• UV absorption � carbon loss
Léger et al. 1988

dissocation

k = A
� (Evib-E0)

� (Evib)



Photodestruction (2)



Formation and growth

• High temperature, density and C2H2
abundance: only inner region

• No efficient transport outward
(Kessler-Silacci et al. 2006, Dullemond et al. 2006)

• PAH growth unlikely
to play role



Charge balance

1.30.01.00.00.040/+2

0.00.018.50.00.040/+1

2.50.02.50.00.320/+3

0.90.90.00.93.320/+2

29.05.30.06.613.920/+1

66.264.078.059.870.620/0

0.129.80.032.711.920/-1

10� ion0.1� ion0.1� el10� elnormalNH/Z

Note: these numbers, as originally presented at the seminar, are not entirely accurate. 
Improved data will appear in the forthcoming paper.



Hydrogenation balance

0.10.00.30.00.040/+2

11.30.00.00.00.040/+1

0.30.10.30.10.320/+3

0.06.30.16.33.320/+2

0.019.323.217.513.920/+1

87.762.770.765.270.620/0

0.611.65.410.911.920/-1

10� add0.1� add0.1� diss10� dissnormalNH/Z

Note: these numbers, as originally presented at the seminar, are not entirely accurate. 
Improved data will appear in the forthcoming paper.



Distribution in the disk
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Peak flux ratios
Acke & van den Ancker 2004



Conclusions and outlook

• PAH emission:
– is extended, cf. van Boekel et al. (2004), Ressler & Barsony (2003)

– originates from surface layer and “above” disk
– includes anions, neutrals, cations

• Future work: improve results, incorporate 
both models into disk model


