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astrobiology

obs. /mod.
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gas mod.

multi-A data collection X-ray to cm (archival and proprietary)

coherent, detailed modelling of gas & dust throughout the disc
using disk modelling software ProDiMo, MCMax, MCFOST
aim: disc shape, temperatures, dust properties, chemistry in the birth-places of exoplanets




DiscAnalysis

DIANA's

“holistic” modelling approach

stellar properties
density structure
dust parameters
PAH parameters
dust settling

element abundances
species & reactions
non-LTE rates

M CF OS T dust opacities
or dust surface
» Ju(r,2)
MCMaX Tqust(r,2)
— dust physics Tpan(r2)
— radiative transfer

ProDiMo

ProDiMo
Tgas(rfz)

— gas & ice chemistry nj(r,z)
- UV & X-ray physics i
— heating & cooling el

MCEOST

— non-LTE physics

SED

cont. images
visibilities

chemical structure
line flux estimations
where do the lines form?

high-res spectra
line profiles
line maps
channel maps
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DIANA

simulated ohservations

SED and line fluxes
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DIANA _g “standards” for disk modelling
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Disk modelling standards
missing in the community!

* <2 parametric radial zones |y(;) « <y (—(-:‘/Rmp)*“-")

 tapered outer edge H(r) = Hy(r/ry)’
* dust settling — Dubrulle et al. (1995)
» standard dust opacities

o)
’ -

... Bas/icechemistry /

5 P:"_ Av.:l ———— Réaan -

» standard chemical species,
reactions, element abundances
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DIANA

“Standard” dust opacities for disks
— Michiel Min, University of Amsterdam, NL, 2014 in prep.

Opacities of aggregates

— DDA, 100 dipoles/GRF, up to 8000 GRFs (4um)
— results include phase function, polarisation, ...

DIANA dust opacity standard

 effective mixture of
~60% laboratory amorphous silicates
(Mgo.7Fe0.3Si03, Jena)

~15% amorphous carbon
(Zubko 1996, BE-sample)

~25% porosity

* powerlaw size distribution f(a) ~ a-PoW
(amin = 0.05 MM, amax = 3 mm, dpow ~ 3...4)

* distribution of hollow spheres
(hollow volume ratio 0 ... 0.8)

Fit with “simple” methods
(effective medium, porosity, DHS)
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usage of UV and X-ray data
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cross-section [cm*/H]
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DIANA

X-ray gas & dust opacities

X-ray radiative transfer

— Christian Rab, University of Vienna, Austria, 2014 in prep

absorption only absorption & scattering
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DIANA

one example: CY Tau

— Peter Woitke, St Andrews, UK, 2014 in prep

CTTS, M1, Ay =0.1, Tes = 3640 K, L.= 0.36 L,
M.=0.42 Mg, My ~ 7 x 109 Mg,,/yr, age ~ 2.2 Myr
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CY Tau: line & image results
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How to decrease 12C0O/[13CO flux ratio?

T12co
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How to decrease 12C0O/[13CO flux ratio?

T12co
after
IS
é \ 1=1
Iog r R 12CO

=> 12CQ| IS not necessarily a good Mgk tracer !
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Conclusions CY Tau ...

steep Spitzer-slope and PACS photometry suggests that CYTau has a
“pre-transitional” disk with a hole at ~ (1-5) AU

cm-data implies that the outer zone is massive ~ 0.05 Mg,
SMA continuum and 12CO data are consistent with a small disk R¢zper ~ 50 AU

observed 12CO/13CO ratio ~2 suggests that outer edge is sharp y~ -0.2
[OI1]63 flux suggests that the outer disk is flared and settled

SED and CO ro-vib can be fitted only if the inner wall of the outer zone
is situated in the shadow of the inner disk

CO ro-vib data is characterized by LTE emission of a warm low-density gas,
possibly powered by viscous heating

last two points require a tenuous high inner zone with a break in surface density
between inner and outer zone
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HD 135344B

— Andres Carmona (Madrid) et al. (2014, A&A 567, 23)

PIONIER H-band visibilities VLT/CRIRES CO 4.7um Herschel NACO near-IR SMA 830 um
(hot dust at R<0.2 AU)  (warm gas 0.2<R<30 AU) SED [OI] 63 um (small dust R>30 AU) ~ (cold dust R>45 AU)
A — . . CO P(10) A= 4.7545 um T ' 1 R
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carbon gf'd =150 silicates IOJ' Mm
disk silicates small grains 25% large grains 75%
10-12 M. <07 M,
B 0.08 0.2 30 "
: et ot b 200 AU
dust ___. .Refractory grains (carbon) inside _ _
L Rt : the silicate sublimation radius 1. Disk have lost most of its mass,
' 3 gas disk mass a few Maupier

2. Increasing gas surface density

0 R 1000 (consistent with planet migration) 3. No or small (few AU) gap in the gas
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MRI with chemistry & ionisation
— Wing-Fai Thi, Garching, Germany

MRI instability

cosmic . . .
non-thermal ionization rays? creates VlSCOS”:y,

of full disk column causes accretion,
causes heating

dead zone

* requires low resistivity,
low ambipolar diffusion

* requires to know electron
concentration, temperature

Disk chemistry
resistive quenching ) o
of MR, suppressed * takes into account additional

MRI-active ambipolar diffusion heating
surface layer dominates ?

angular momentum
transport

collisional ionization at
T>103K(r<1AU),
MR turbulent

+UV

» predicts electron
concentration, temperature

Our approach

* make a consistent model !
Original drawings by Phil Armitage — predict ayis(r,2)
— predict vyrb(r,2)



MRI with chemistry & ionisation
— Wing-Fai Thi, Garching, Germany
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W.F.-Thi, G. Lesur, et al. 2014, A&A in prep.
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MRI with chemistry & ionisation

— Wing-Fai Thi, Garching, Germany
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Understanding, Analysis, Observers' Tools ...
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Summary

* EU FP7 project DIANA ...

- collects multi-A observational datasets for ~80 T Tauri & Herbig Ae disks
(continuum & line data)

- sets “standards” for disk modelling (dust opacities, chemistry, disk shape, ...)
- provides detailed, high-quality, individual models of ~ 30 disks
- performs analysis & cross-comparison of data & modelling results

« EU FP7 project DIANA attacks some basic physio-chemical processes
- X-ray scattering
- coupling between MRI and chemistry
- gas inside inner rim

 EU FP7 project DIANA aims at

- studying multi-A emission lines: Where do they form? What do they tell us?
- providing continuum and line analysis tools for observers

- see http://www.diana-project.com
— all modelling software available against co-author right

— observational data and modelling results will be available online ~ spring 2016
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mid-IR water

— Stefano Antonellini (Groningen, NL), 2014 in prep.
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alpha(dust) from 1.3 mm to 8.6 mm
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mm-cm SED slope

— J. Greaves, L. Rigon, P. Woitke, St Andrews University, UK, 2014, in prep
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SED and mm-slope

— Peter Woitke & Laura Rigon, St Andrews University, UK
Parameters of the betaGRID

stellar parameter

fixed: T Tauri (K7), 7.4 =4000K, L,=1Ls, M,=0.7T M,
L[_'\.-' ’.f'rL, = 001 Lg = 103[)14.3
disk shape parameter
1. | My disk mass [M)] 0.001, 0.003, 0.01, 0.03, 0.1
2.| Ry outer disk radius [AU] 100, 200, 400
3.1 € column density power index | 0.5, 0.75, 1.0, 1.25, 1.5
using X(r) oc rCexp (— r/Rep)
4.| Hy scale height [AU] at Ry=3au | 0.1, 0.14, 0.2, 0.28, 0.4
5.| [  flaring power H(r)= H(%)" 1[)4 108 1.12, 1.16, 1.2
fixed: gas/dust=100, R;,=0.07AU, R,,,= Ry /4
dust parameter
6.| Gpow size power index f(a)oca | 3.35, 3.5, 3.65, 3.8, 4.05
7.| «a  turbulent mixing for settling | 107, 107*, 107*, 1072, 10!
fixed: a,,,=0.05 pm, a,,,,=1mm, Dubru]le(1995) settling
(45% MgFeSiO,, 35% Mgy, JFLU 59103, 15% AC, 5% FeS)

e 1000 disk models, Ty, (7, z) & SEDs computed with @ (Min et al. 20 ﬂl

® T,.(r, 2). chemistry & emission lines computed with ProDiMo (Woitke et al. 2000)

Grid of models

* large variety of SED mm-fluxes (and slopes) for constant
dust mass ( — dust settling!)

« observing mm-flux and slope may improve Mdust - determination

Real stars (with new GBT cm-data!)

* only when including cm-data, large variety becomes obvious

SED

alpha (1.3mm — 1 or 2cm)
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Gas inside of the dust inner rim?

— John llee, St Andrews University, UK
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e complex molecules
?‘;iri:;‘ta;t)ilg::et radiation radicals and ions

grain growth
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Ol line cooling
CO rot & ro-vib cooling

heating by thermal accomodation on grains CII line cooling
PAH heating Ly-alpha line cooling
background heating by CI Cl line cooling
background heating by Fell
Hmin photo-ionisation Fell line cooling

X-ray Coulomb heating Sill line cooling
- heating by photoionization of Si _ OIII line cooling




Gas mSIde of the dust inner rim?
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« CO overtone emission probes gas inside
of inner dust rim

* ProDiMo can be used to characterize that gas
(temperature, vertical structure, chemistry ...)
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* non-detection implies lower limit for the . ,
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Gas Heating & Cooling
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Ly-alpha line cooling
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NH3 rot cooling

OIII line cooling

HCN rovib cooling (pseudo-NLTE)



Density Structure

(1+1d) - hydrostatic (1+1d) - hydrostatic, Tgas = Tdust assumed

| 10 100
r [AU]

Woitke, Kamp & Thi (2009, A&A 501, 383);
Thi, Woitke, Kamp (2011, MNRAS 412, 711)



Dust settling

gas (assumed): exponential tapering-off dust (calculated): Dubrulle-settling a = 10-3
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Overview of thermo-chemical models

RT chemistry X-rays heat& cool vert.struc. transport

& mixing
Gorti, Hollenbach et al. | * ** v ** FHx -
Heinzeller, Normura et al. | * ¥ v * ok *
Bruderer et al. R v F (fixed) -

Semenov, Bergin et al. | * Rk v o (T,=T;)  (fixed) Hk

PFDDiMD *¥ * ¥ “/ ¥k % EE _
ProDiMo & MCFOST | *¥**  *% v kX (fixed) -

Gorti, Hollenbach, Najita, Pascucci (2011, ApJ 735, 90)

Heinzeller, Nomura, Walsh, Millar (2011, ApJ 731, 115)

Bruderer, van Dishoeck, Doty, Herczeg (2012, A&A in press)

Fogel, Bethell, Bergin, Calvet, Semenov (2011, ApJ 726, 29)

Woitke, Thi, Kamp, Aresu, Meijerink, Spaans (various papers 2009-2012)
Pinte, Ménard, Duchene (2006, A&A 459, 797)
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