Modelling the gas and the dust of protoplanetary
discs in the Herschel-GASP sample
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GAS in Protoplanetary Systems

Herschel Open time large program P.l. Dent (PASP to be submitted)
http://www.laeff.inta.es/projects/herschel/

Aim:

1. Trace gas and dust in the planet formation region across an extensive
multivariate parameter space.

2. Direct measurement of the gas dissipation timescale.

3. Study the evolutionary link between protoplanetary and debris discs.

4. Investigate the extent of warm water in planet-forming regions of discs.

5.Provide an extensive database of disc observations for future observations
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http://www.laeff.inta.es/projects/herschel/
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First results: [Ol] 63 micron, [Cll] not detected
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& ) ‘Classical’ TTauri star (Thi et al.
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0 i P R, see poster (Kamp et al.)
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TTauri stars: Disc, outflow, and envelope
[OI] 63 micron Line Flux (log[W m-2])
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The DENT grid: 3D Monte-Carlo radiative transfer
code MCFOST + gas code ProDiMo

MCFOST: ProDiMo:

dust cont. transfer chemistry, heating/cooling

stellar & disk

parameters - dust density ngyst(r,z) - gas temperature Tgas(r,2) line transfer

« dust temperature Tqyst(r,z) . chem. composition Npme(r,z) (formal solution)
« internal radiation field J,/(r,z) » non-LTE population pop(r,z) :

continuum observations (SED) line fluxes, line profiles

Grid of 300,000 models: I** statistical theoretical study of gas
and dust in protoplanetary discs (Tef, Mstar, Mdust, Mgas, Rin, Rout,,
flaring index, scale height Ho, amin, amax, settling)

Woitke et al. 2010 MNRAS 405, L26 and Kamp et al. (201 I, arXiv 1103.5763K)

ProDiMo: Woitke et al. 20093, 2009b; Kamp et al. 2009; Thi et al. 2010a, 201 |,Aresu et al. 201 |
(see poster Aresu et al., Chapparo et al.) MCFOST: Pinte et al. 2006 A&A 459, 797



Disc density structure
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Dust and gas temperature




TTauri stars: Disc, outflow, and envelope
[Ol] 63 micron Line Flux (log[W m-2])
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Preliminary statistical qualitative analy5|s
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(or dust settling)
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Influence of the excess UV flux

Star + UV excess Gas ”Ch
(or dust settllng)

— warmer gas — stronger line
also effect due to disc flaring or extra
mechanical energy (shocks)  _ _ _=>
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Estimating the gas mass using the DENT grid
Molecular disc | | | | |
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HD 169142

Meeus et al. 2010

s \‘J\AJ

> Outer disc:
FSA\\H emission

Inner disc: N
3 micron bump 2
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70% emission area

Different lines o6 g 0110
probe different

. . 0.2
disc regions -

0.6 _:I [O1] 145.53um
: = intermediate layer

structure and dust 06 _:. QI 157.74um
properties y
> geometry, gap 5-20 AU N —

— amount of PAHs: 0'2(_—_—_
fpan=0.03 0.6 12CO 1300.40um
Input for gas modelling 04 kR

oL eSS g ‘

* Dust modelling (SED + S
images) to constrain the disk

atomic/ion surface
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RECXI5

dist =97.0

— Star +UV

—— cdculated

—— prescribed

— Spitzer IRS (Bouwman
2006, Sicillia-

Aguilar 2009)

UV data
Herczeg et al.

MIPS upper limi PACS photometry




Recx15:a compact gas-rich disc

[O1] 63.18um
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® GASPS-survey: 80% observations performed

® [OI] 63 micron is the strongest GASPS-line

® [CIll] non-detection may be due to extended emission

® A statistical picture starts to emerge (see poster Meeus et al.)
® The DENT grid of models is valuable to understand the data

® The detailed modelling confirms the dust and gas mass estimates from the
grid:

+ variety of gas and dust masses from gas-rich discs (RECX |5 gas-to-
| d.u‘.s-,t> | OO) to gas poor C|ISCS (TW Hya gas-to- dust< I O
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GASPS/ProDiMo-related posters

e Kamp et al.“The disk around TW Hya water and signs of
evolution” (see also the talk by Hogerheijde on water in TWHya)

® Meeus et al."Herschel’s view on the gas in Herbig Ae/Be stars”

® Podio et al.“Herschel/PACS observations of young sources in
Taurus: the far-infrared counterparts of optical jets”

® Aresu et al.“X-rays in protoplanetary disks: their impact on the
thermal and chemlcal structure, a grld of models




From Atoms to Pebbles: Herschel's
view of Star and Planet Formation
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Summary of Clusters and associations in GASPS

Group Distance Age  Disk fraction GASPS Notes
(pC) (Myr) (total) targets

Taurus 140 0.34 0% 106 Class I-Il1I T Tauri stars
Uppea Sco 145 5 20% 44 Class lI-I1l T Tauri stars
N Cha 97 59 56% 17 T Tauri and debris disks
TWHya ~50 810 =30% 13 T Tauri and debris disks
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Dust modelling of HD 169142: constraining
the disc structure

Parameter |nner Disc Outer Disc

rin (AU) 0.1 20

INout (AU) 5 235

surfacedens. expo -1.0 -1.0
flanngexponent  1.05 1.00

ref. scaehaghthy 0.07AU @ 1AU  12.5AU @ 100AU
M gt (Mo) 2 x107 15x10™
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Modelling the gas in di

1. 2D dust radiative transfer: grain

thermal balance (can also take input
from MCFOST or GRaTer)

2. 1+1D for the gas cooling using
escape probability (checked against
3D Monte-Carlo): atomic and ro-
vibrational cooling lines

3. Over 71 gas and solid species
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S+ 1D hydrostatic disk structure

continuum radiative transfer
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RECXI15: compact hot gas only seen in [Ol]
and H»

10-'8 W m-2

line Alpum]  obsaved  nmodd
[Ol] detected in the optical and Far-

IR

<—— atomic jet emission
D ——

[C”] P3/2 — P1/2 <90 0.11 disc emission

COj=3.2 <005 0014

COJ =29-28 <96 4.9 CO J=3-2 non-detection by
COJ =33—32 <24 3.3 Apex
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H2 modelling

® H, formation: Jura, Cazaux & Tielens
® H; formation pumping

® H fluorescence and self-shielding: simple
analytical formula or 1+1D NLTE radiative
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Flux (Jy)

gas/dust

foaH
fuv

Line
[O1]63.2um
[OI] 145.5 um
[Cl1]157.7 um
0-H>,0179.5um

GG
BCO2—>1
L2Co/Co

T T A gl
| (e ta e S e Sy i e

Gas modelling HD 169142 with ProDiMo

Modd 1 Modd 2 Modd 3 Obseaveo

1
0.01
010,05

154
517
4.58
5.66

0.060
0.011
5.69

10
010,05%)
0.0

Line Fluxes [10718 W/ n¥]

71.6
10.1
0.04
5.15

0.092
0.059
1.55
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Recx|5:a compact gas-rich disc

quantity symbol value [OI] 63.18u

stellar mess M. 0.2M, 10000.0 ©~ 7 T T g E—— |
eff ective temperature T o 3400K |
stdlar luminosity L, 0.085L 1000.0 |
disk gas mess* My @EIXI0EMeD '
inner disk radius Rin 002AU , 100.0 : 5
outer disk radius* Rout 82AU 10.0 | -
colunmn density power index* 0 -0.020 ’ l | 3
reference scale height* Ho 0.011AU 1.0 ' -
reference radius ro 0.1AU a9 ; ! 3
flaring power index* B 1.09 1%6'5 T RN T TR T O T MEEATRAEE ST
diisk dlust mess* Mot * 9 “F_ =3.48E-17 W/m® | /-
minimum dust particle radius rrin .05 um Lo o0 Lo e ' -
rmaximum dust particle radius Gl 1mm 2 ] | .
dust size dist. power index p 41 e o | s
minimum settling particle size ax 0 4 : | .
dust settling power index s 0 s 40 | ™
dust material mass density Pyr 3gcm™ = ¥ : §
dust composition Mq,SiO4 2.9% g 20 &
(volume fractions) amorph. carbon 24.4% & : 2
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H> modelled by ProDiMo
T T T [ T Tt T T [ T T
0 oH2@212um{  H» levels:
1=40.0° d=97 pc - . .
; E _n3ep1swae | rovibrational+

line
electronic

I I I I I
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0.150 F =1.38E-01Jy |

0 cont

FWHM =36.74 km/s
5 AvSe =5.02 km/s

p c]
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HD 100546: Herschel-PACS
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