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PAHs probe the physical conditions of a region (density, temperature, radiation field)
(e.g.: Hudgins & Allamandola 1999, Allamandola et al. 1 999, Galliano 2008, Tielens 2008, Bauschlicher et al 2009,

Ricca et al 2012).

T T T e (e P i S
a
C C stretch

CH stretch Combination CHin-plane = CH out-of-plane
modes bending bending
Plateau I J ' S T | ]

u

L] L} ] '  § |
30 -1
-

25

20

15

10

-

Flux density (10-°* Wm= pm')

Orion Bar (H281) |

- T, .
3 - 5 6 7 8 9 10 20

=5

Wavelength (um)

Peeters et al. 2002

Wednesday 9 April 14



PAHSs in disks:

e PAHSs are observed in Herbig and T tauri disks
(e.g.: Meeus et al. 2001,Acke & Ancker 2004, Geers et al 2007, Bouwman 2008, Keller et
al 2008,Acke 2010).

e PAHs important for the chemistry and heating of the gas In disks
(e.g.: Jonkheid 2006, Woitke et al 2009, Kamp 201 1).

e PAHs can be used to probe the disk structure
(e.g.: Habart 2006, Doucet 2006, Lagage 2006).
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PAHs and the disk structure

Tracing the flaring disk structure
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PAHs and the disk structure
PAHs (and other gas) in dust gaps

Hw.o IRS 48, Geers et al. 2007
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Other examples: CO emission in
inner disks(-gaps):
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z-29s2.0 Ap

T Tauri stars (Salyk et al. 2007,
2009)

 HD 135344 B (Pontoppidan et al.
2008, Carmona 2014)

 HD 142527 (Casassus et al. 2013,
Valentin et al. 2014)

* Oph IRS 48 (Brown et al. 2012,
Bruderer 2014)
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key question:

How can we use PAHSs to trace disk structures?
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neutral and ionized PAH spectra:
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PAH model in RT code MCMax  Min etal 2009)
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PAH intensity
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How to get ionized PAHSs in disks?

\4

Optically thin gaps!
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Demonstration:

RT models of four

transitional disks

neutral PAHs

ionized PAHs —
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Trend:
mm luminosity (disk mass) vs PAH ionization
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Conclusion

lonized PAHSs in low density, optically
thin gas flows through the gap
(high UV field, low electron density)

/N

\/ N

Neutral PAHSs in optically thick disk
(low UV field, high electron density)
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Future:

* | ow abundance of PAHs in gap can give strong
features, is that also true for other gas tracers!?

* Observational: imaging of ionized versus neutral
PAH bands (E-ELT/METIS, JWST/MIRI)

e Modeling: what is the influence of PAHs on gas and
dust in the disk (and gap).
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back-up slides




Demonstration: PAH
models of four
transitional disks
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Benchmark model

Table 2: Parameters of benchmark model

Parameter value

Stellar temperature T, = 10000K
Stellar luminosity L, = 40L;
Stellar radius R. = 212R5
Stellar mass M. = 25M;
Distance = 1358 pc
Inner disk radius Ri, = 03AU
Outer disk radius R,, = 500AU
Disk mass Mg = 5x1072M;
Dust mass My = 5x107*M,
Silicate mass Mg; = 0.8 My,
Carbon mass Mc = 02Mg,
PAH mass Mpag = 1073 My,
Carbon atoms in PAH Ne = 100

Min dust size S = Lpm

Max dust size Ao = LIDID
Dust-size powerlaw index Aow = 3.5

Surface density powerlaw p = -l
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In an optically thick disk, PAHs are neutral

PAH total flux per radial annulus
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Polycyclic Aromatic
Hydrocarbon molecules

PAH Structures
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gas in dust depleted gaps

evidence of planet formation?
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Fig. 7: Surface density profiles for gas and different dust particle size ranges for the three planet mass cases, i.e. M, = (1,9, 15] M},,,,.
The vertical dotted line indicates the position of the planet at 20 AU.

Pinilla 2013, de Juan Ovelar 2013
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Demonstration: PAH
models of four
transitional disks

relative intensity
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Conclusion

® |onized PAHs trace low density, optically thin regions.

|

® |onized PAHs trace gas flows through proto-planetary disk gaps

— ) — O

PAH+ PAH
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Benchmark parameter study

models observations
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gas in dust depleted gaps

evidence of planet formation?

log 24 log 24/2

-93.0 =30 =29 =20 -19-99 50 -25 20 -1.9

t=400 t=400 Density cut at ¢ =0 .
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Fig. 1. Dust flow near a 0.1 M; planet. Left panel: grey-scale plot of the logarithm of the dust surface density after 400 planetary orbits.

Middle panel: logarithm of the dust-to-gas ratio. Right panel: radial cut at ¢ = 0 (opposite to the planet). Solid line: gas surface density, dashed
line: dust surface density X100. The filled circles indicate the 3:2, the 2:1 and the 3:1 mean motion resonances.

Paardekoper & Mellema 2004
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position north (arcsec)
|

Angular

Transitional disks:

Gas in dust depleted gaps

1 0 -1 -2 2 1 0
Anqular position east (arcsec)

(HD 142527, Casassus et al 201 3)

examples of CO emission in inner
disks(-gaps):

T Tauri stars (Salyk et al. 2007,
2009)

 HD 135344 B (Pontoppidan et al.
2008, Carmona 2014)

* Oph IRS 48 (Brown et al. 2012,
Bruderer 2014)

 HD 142527 (Casassus et al. 2013,
Valentin et al. 2014)
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lonization of PAHs
NGC 7023
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GO = UV field strength

GO
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ne = electron density
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Benchmark model
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PAH luminosity not very sensitive to disk geometry
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However, PAH ionization higher in flaring/transitional
objects

o
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IR emission
components

Table 2 Abundances of the carriers of infrared (IR) emission components

Carrier IR emission component N, a (A) fc? (ppm)®
PAHs IR emission features 20-100 4-10¢ 14
PAH clusters Plateaus 100-1000 | 10-20 8
Very small grains 25-pm cirrus 10°-10* 20-30 7
Small grains 60-pm cirrus ~10° 50 16
Classical grains A > 100 pm >100 354>

C chains® IR emission >3 =3 10~
Ceof Far-red absorption bands 2
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gas in dust depleted gaps

evidence of planet formation?
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Fig. 7: Surface density profiles for gas and different dust particle size ranges for the three planet mass cases, i.e. M, = (1,9, 15] M},,,,.
The vertical dotted line indicates the position of the planet at 20 AU.

Pinilla 2013, de Juan Ovelar 2013
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lonized PAHSs in low density, optically
thin gas flows through the gap
(high UV field, low electron density)

AN

\/ o

Neutral PAHs in optically thick disk
(low UV field, high electron density)

Maaskant et al 2014
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PAHs in RT code MCMax
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