[

gy eB

b

X ek

B bing s e Dk of s Harki rtar NGRS
i nfrwsd wiralgthi:
St for o Vart i ch b e s

& taper, Pk Perts

e T———




Resolving the inner disk of the Herbig star MWC480 at
mid-infrared wavelengths:
Suspect for a Vortex in the inner disk part
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I. Introduction

(Spectral Energy Distribution)
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Probing distinct regions of the star,
envelope, disk,....

Rayleigh-
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I. Introduction

SED ==l A tool to know the process of star formation
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I. Introduction
MWC480 (HD31648) Presentation

« The existence of a Keplerian disk around this star at mm
wavelengths.

—) Mannings et al. (1997); Simon et al. (2000); Pietu et al. (2007)

* IR excess, 2.2 - 12.5 micron

==l Sitko (1981)

« Thermal dust millimeter-continuum and gaseous CO
emission

Disk with an extent of 85 AU and inclination of 30

==Jlp- Mannings & Sargent (1997)



I1. Observations

Protosun/star
~ UV, optical, X-ra
ISM e - i, miclplane w
abundances? | \ - — freeze-out
\ ol

I ) \

dead mlxing? —

zone? 1AV

To understand how planetary systems form in the dusty disk around PMS:

A detailed knowledge of the structure and evolution of these di “equired

S/ea
Very difficult to spatially resolve these regions g 58@

with current telescopes = 'Q‘ ~

* s

Aperture: .

resolution : A/

sensitivity : ~D?




II. Observations

i. Interferometry :

Telescope 1 Telescope 2
Recombiner

| e

Total Inbensity
—

|
ﬂ ||| ||- [\

|
JUVY VL
A —

Interference fringes

Poston
Inter-fringe= A/B Young's Two-shit Experiment

Credits: Stigmatella aurantiaca and wikipedia
Baseline (B)

—————————>

point, unresolved object

N
=]

- V(u,v)

'Y T V()< I(ap)

10 20 30 40

=
4]

Normalized intensity
o

o
[+]

=
=]
o4
)
=
S

=]




II. Observations

VLTI (Very Large telescope Inerferometer)
/ MIDI (Mid- Infrared Instrument)

4 Telescopes
UT Fixed D=8.2m

Auxiliary Telescopes
AT movables D=1.6m

MIDI :

1) Mid-infrared ( in N band) 8-13 microns
2) 2 telescopes
3) Visibility modulus and differential phase
4) Low spectral resolution (R=200)
5) Maximum spatial resolution of 12 mas at 10 micron




II. Observations

Instrument Telescopes Date B, [m] Origin
MIDI UT2-UT3 2007-02-4 42.8 Di Folco et al. (2007)
KI K1-K2 2008-11-18  84.90 Keck Archive
MIDI K0-J3 2013-12-29  28.55 QOur observations

The orientation of the projected baseline for 2007 MIDI observations == 50°
The orientation of the projected baseline for 2013 MIDI observations =g 140°



I1. 2D Semi-analytical models

For Herbig stars, e.g. MWC480

Developed by :
N. Jamilahmadi, S. Flament, B. Lopez, Ph. Berio (2012)

A Semi-analytical model:
For symmetrical disks including dust
For asymmetrical disks (wall, vortex)

Made for interpretation of observations:

Compute photometric (SED) and interferometric observations



II1. Semi-analytical models

1) Intensity map

TAr
B\(T:) [1 — exp(— c:;.;n' )] —»  Brightness of the pixels of the image

TAr = 2rk)
T pust opacity = Thi et al. 2010

1) Intensity map €, Visibility

S



I1I. Semi-analytical models

1
Pe 1
T =Tin (L) Where Tin =T, =T, ( o )

q ranges 0.5 (flared disks) to 0.75 (flat disks)
(Pringle et al. 1981; Adams et al. 1988; Hillenbrand et al. 1992)

—P
3
Ly = Liin (T—) Where Yin X Mgyst

p ranges 1 (constant mass accretion rate at constant viscosity) to 1.5 (MMSN : Minimum Mass Solar Nebula)
(Chiange & Goldrich 1997; Dullemond et al. 2001; Eisner et al. 2009)

—bp
Tar =%rKXx & Br=Za (L)

Tin

—D
T
Ta,r = TAin (—) Where Tain = Link

Tin




Stellar parameters:

1) Temperature
2) Stellar radius
3) Distance

II1. Semi-analytical models

Enter parameters

BrY emission parameters:

1) Optical depth
2) Temperature
3) Inner and outer radius

auey
‘."‘L‘&‘ L1
Tl

Dust emission:

1) Mass of dust

2) Inner and outer radius
3) Inclination & P.A.
4)p&q

5) Optical depth



i. Symmetrical models

1) Single disk

(Watt.m—2.m—1):0.05

0.3

0.1

60

40

—40

—60

Free parameters:

1) Mdust

2p&q

3)r_in & r_out

4) Inclination & P.A.
5) Optical depth

Parameters

Best value

Range

Miust (@mar=10 pm)
Myat (@maz=50 pm)
Maust (@maex=200 gm)
P
q

2.4 x 1071 M:
0.5 x 1071° M,
107° Mg
1.5
0.5
0.22AU
Caleulated from Eq.4
60AU
are
58~
Calculated from ;.53

107721077 M
107%4...107% M,
10712,...107° Mg
0.1..1.98
0.4...0.9
0.1...0.4AU

8...100AU

20°...80°
10°...300°
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i. Symmetrical models

Free parameters :
1) Mdust1 & Mdust2

, 2pl&ql;p2&q2
2) Attached disks 3)r_outl
4)r_in2
(Watt.m—2.m—1)0.05 5) Optical depth 1 & 2
0.3 Inclination= 37°
P.A.=58°
60 r in1=0.22 AU
r_out2=62 AU
40
0.2
20
A first immediate interes
the model infrared radiz
O
0.1 —20
— 40
— 60
0.0

-60 —40 -20 0 20 40 o0
offset(AU)
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ic Symmetrical mOde ls F]f'ee pal"ametel"s . Parameters Best value Best value range

Location of the gap rourn=4 AU rout1=22 AU
. Muser 2 x 107" M 4%x107% Mg 107121077 Mg
3) DetaChEd dlSkS . Muusez 0.6x107° My 0.6x107 My 107'1..107° M,
1) Location of the gap Width of the gap 2AU JAU 1-6 AU

2
3
4

M_dustl & M_dust2
Width of the gap

Watt.m—2.m—1)~0.0% )
(Watt.m—2.m—1)+0.05 Optlcal depth

R L i

0.37]
Inclination: 37°
P.A.:58°
r inl=0.22 AU
r out2=62 AU
pl=1.5 & p2=10.6
q1=0.5 & q2=0.5
0.2
S
=
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v
o
0.1
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-60 —40 -20 0 20 40 o0

A

offset(AU)
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ii) Asymmetrical models:
1) Wall in attached disks model

102 T s Al T - r ” T

: hr —»
» Second Disk 1 The atmosphere height wherever the optical depth =1
10°F . . ' -
First Disk ' oc ~c
E T = / dr) = f KAPr,2dz —
E - —0o0 —00
< 107 : g =
$ :
- : TAr = fmpr,zdz ~ 1
' he
L3 e ’ -
: From Hydrodynamical equilibrium:
10“.‘.1,.,...5,.... P z*
0 20 40 60 80 Prz = PreTP \ "o (r)2 —
R (AU)
i 3
Te\* [ r2
hy(r) = (T_’c) (E) Pr e scale
i
..:.‘
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ii) Asymmetrical models:
1) Wall in attached disk models

(Watt.m-2.m-1)10.05
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ii) Asymmetrical models:
3) Vortex model

WHY VORTICES IN PROTOPLANETARY DISKS?

um mm m km

.. 1o accelerate planetesimal growth

Barge & Sommeria, 1995

The vortex capture mechanism
was studied by :

(Barge & Sommeria 1994;
Tanga et al. 1996;

Johanson et al. 2004, ...)




ii) Asymmetrical models:

2) Vortex in attached disks model

Parameters Best value ranges
Distance from the central star 5.5 AU 1-10 AU
Radius 0.8 AU 0.1-2 AU
Width 0.1 AU 0.02-0.8 AU
P.A. —85° —180°...200°
Temperature Calculated from Eq.3

(Watt.m—2.m—1):0.05

0.3[]
60
40
20
=)
=
- 0
o
°
. —20
— 40
—60
0.0

-60 —40 —20
offset(AU)

0 20 40
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IV. Conclusions

- Symmetrical models (One single disk, attached disks, detached disks) are not consistent
with our 2007 and 2013 MIDI data simultaneously.

- Asymmetrical wall model does not have significant effect in our model to reproduce our
data.

« The only way we found to reproduce all the measurements is, considering an azimuthal
asymmetry as a vortex in the inner component of attached disks model.

- It is expected that this azimuthal structure at less than 10 AU has changed its position
between the 2007 and 2013 observations.



Thank you for attention ...



