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Origin of holes/gap in transition disk 2

* planets
* dust growth

* photoevaporation
o /)




Origin of holes/gap in transition disk 2

* planets
* dust growth

* photoevaporation
o /)

We need to constrain both the dust & gas
structure
> multi-A and multi-technique modelling



HD|35344B data set

What is the gas & dust structure2

large dust
Rin ~ 40 AU

Brown et al. 2009; Andrews et al. (201 1)
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Methodology

MCFOST <)y  PRODIMO

Carmona et al 2014

e SED

e CO P(10) ro-vibrational line profile
 PIONIER nIR visibilities

* dust cavity at 870 um

e [Ol] 63 pm

e good agreement with other line fluxes
e scattered light images (2D !)

SIMPLE ===J> COMPLEX MODELS



100% astronomical silicates

100% silicates

100% silicates 104 Mo
10-10 Mg
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100% astronomical silicates

100% silicates
100% silicates 104 Mo

0.16 0.21 45
narrow ring

SED OK! BAD CO ro-vib

200 AU

Model 1la

CO P(10) A= 4.7545 um
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Adding gas in the gap

Model 1b

silicates

108 Mo silicates | 0-4 Mo 10-"2} —
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CO ro-vib emission
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[Normalized Flux]

Problem: Dust in inner disk shields the gas in the gap



Uniform carbon/silicate

Model 2a

25% carbon silicates 1072) [
75% silicates 104 Mo -
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Carbon-enriched inner disk

Model 3
silicates -
carbon silicates 104 Mo
enrichment 10-¢ Mo
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Problem |:too strong [Ol] 63 um

Only way to reduce line flux : lower gas/dust ratio
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V2

Problem ll: near-IR visibilities do not fit
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Spatial differentiation of dust

Model 4

1. carbon inside silicate sublimation radius
2. gas to dust ratio < 100 in the outer disk

g/d < 100; dust settling |
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Spatial differentiation of dust

g/ld =4
carbon g/d =150 silicates 10* Mo
disk silicates small grains 25% large grains 75%
10-12 Mo <0’ Mo
0.08 0.2 30 45

200 AU

Rin ~ 28 AU

Muto 2012, Garufi 2013




What did we learn ?



I. Refractory grains at R< 0.2 AU % ——
(we suggest carbon)

: : ~ -12
Required to fit simultaneously the 10-“Me
SED CO ro-vibrational profile
CO P(10) A= 4.7545 um near-IR visibilities
1.2F 1'0;_‘ I
1.02' ’ %#% L
0'8 _ : %#%m-_** ok
0.6_ g os %JF.."*M**
0.4 "ty
0.2}
0.0 |
—0.2¢ 00 éo T 4‘0 T éo T 5;0

1 10 100 1000 —-30 -20 -;8 [If) /1]0 20 30
m
A (um) S

B/A



Required to fit CO ro-vibrational profile

[Normalized Flux]

1. Surface density should increase with
radius in the inner disk
CO (P10) A= 4.7545 um

H/R=0.07 H/R=0.09 H/R=0.11 H/R=0.13 H/R=0.15
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I1l. gas/dust > 100 inside the cavity
(R<30 AU)

maximum dust mass 100 lower
v )

MdUSt=1 .OE'7 MdUSt=2'5E-8 MdUSt_1 OE 8 MdUSt_3 OE 9 MdUSt_1 OE 9 M

R I I I I LRI IR IULILLE IR IR IS I IS IR IR IS IR I I L
_ g/d= 150 g/d= 600 g/d 1500 g/d 5000 g/d 15000
3 1.0 7 T T T Tl T 7 -
= 7\l 1 /A 7\ i\ 7\ ]
S I\t /] \t ]\ I\ ]\t _
N 0.5F ;’ \ T [\ T [\ T i\ T T ~
s 4 % 3 4 % 1 4 % 31 4 % 1 4 %
§ " T 'I,L_ - TridHE {'91 - TR {I.Iﬁ " TR \'I.g - TR \'I,g
o - "I!“.- Li:ii: "1 "lll:ll L: |||||||| |"1 "“I:" L:nﬂ!.'“!llq "“,:'l L:ls ||||| l"1 "“l:ll L:lﬂ |||| |"1
Z‘ 0.0 . |“| T l"lh IIII |I I l"lh Iill “"ui""p Iill i l"lh IIII it l"lh

-I L1 1 I Ll 1.1 I LL L 1 I IIIIIIII I Ll 1.1 I Ll 1.1 I IIIIIIII I Ll 1.1 I Ll L. 1 I IIIIIIII I Ll 1.1 I LL L 1 I IIIIIIII I Ll 1.1 I Ll 1.1 I Ll 1.1

-30 -15 0 15 30
OV [km/s]

* Constant Mgas 107> Msun  ®eqired for the co p(10) fioy
* 107 < Mdust < 10”7 Msun



[OI] 63um flux [10"" W m™]
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1V. outer disk:
Gas/dust < 100

Required to

fit [Ol] 63 pm flux and
the CO P(10) profile.
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Cleaning by planetary system

Positive surface density slope in inner disk

Our model Dlsk-planet mteractlon
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Cleaning by planetary system 2
Dust filtering by planetary gap
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Fouchet et al 2010



Conclusions

A variety of disk observations = finer disk models

* Surface density & change in gas/dust ratio : compatible with the
planet scenario

* Small gaps of few AU in the gas are compatible with the data

* gas mass is lower than expected for the amount of dust
observed: HD 135344B is an evolved object

* Dust segregation (in size & in composition)

Carmona et al 2014






Star properties

Dust properties

size distribution

Disk geometry

Rin, Rout,
H/R, flaring, mass,
surface density

T

composition 3

_—

no

Compare model line-strengths
with measurements of the
[OI]] line at 63 um,
CO line at 870 um,
CO emission at 4.7 pm
H> upper limits

Compare visibilities and continuum
images

Iterate on the disk parameters, find
trends, correlations

—~

MCFOST

Disk dust thermal structure

Observables: SED, images

Alust ratio

SED fitted?

/

ProDiMo

Gas heating and cooling
Chemistry

Observables:
Line fluxes,
Line profiles




CO 866.96um

CO 4.755um [O1] 63.18um
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