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Why do we care about protoplanetary discs?

» Understanding planet formation

» Formation occurs during late stage of star
formation -> protoplanetary disc

Smaller scales host important processes
Terrestrial planets thought to form in inner regions
Highly dynamical processes in first au; e.g.
accretion, disc winds, sublimation rim
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Credit: ALMA (ESO/NAOJ/NRAO)
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Protoplanetary Disc Formation
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(Pre) Transitional PPDs

|dentify by SEDs! |

>

» Disc clearing mechanismes:
» Grain growth
» Photoevaporation
» Planets
» Misaligned inner/outer discs
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Protoplanetary Discs

HD 142666

¢

HD 143006 Elias 20

Elias 24 Elias 27

HD 163296

DSHARP
Survey )
(Andrews
S.+2018)

Sample of ALMA continuum images of transitional discs
(Francis L., & van der Marel N. 2020)
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ALMA

Direct imaging (HST or 8-meter ground-based)

Near-IR interferometry

Mid-IR interferometry

Magnetospheric
accretion

M’as disk Dust inner rim Plar-1et-form|ng

region

0.03AU 0.1..1AU

UV continuum, Near-IR dust 10A0
H-recombination lines continuum
Near-IR continuum Mid-IR: (Sub)millimeter:
(origin unclear so far) dust continuum dust continuum 100 AU
+ atomic lines (Br-y) + molecular lines + molecular rot-lines
+ occasional molecular (H,0, CO,, ...)
lines (H,O, CO, OH)

Dullemond & Monnier 2010
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HD143006
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CHARA

~1000x magnification
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HD143006 Misalignment

Disc Modelling

Aim:

» Inclination and position angle
» Circumstellar vs Stellar flux
» Asymmetry?

@ / ) r""lu’ I ”, ’ iy Parametric Modeling of
=7 // ) J / 1) Optical InteRferomEtric Data
= b i )l i

Merand et al. 2022
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Geometric Modelling

Gaussian Model Ring Model Fixed Ring Model
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Decoding interferometry data
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1.2 80 1
4 -+ MIRCX —+ MIRCX | A [um]
UV coverage V¥ PIONIER V¥ PIONIER 1.75
—+  MIRCX :-E 60 A *
3007 ¥ PIONIER
2001 1.70
A
Q.‘H'"."H-'"l.- . d —
L 4 Miﬂ o .
1001 ’ ’ ’ v, ﬂw:% “:»/ 8
£ T AR o o 1.65
- v ”z-_v vy v - E .
Z o w v 37 'v:‘)
~ Y e
s V‘Vv'v v >
g Zo gt v gt S
~100 1 'o“* Y Vs O
*/ # -ﬂ:::*, L4 . 1.60
+
—200 1 \ -Hl-
—300 1 155
300 200 100 0 ~100 ~200 ~300 —40 -
ul[<E](m)
O_O T T T T T T T T
0 50 100 150 200 0 50 100 150 200
B/A Bmax//\

$»

HD143006 Misalignment GeorgiaState

University.

THE UNIVERSITY OF Australian KYOTO UNIVERSITY oF
*E, National SANGYO
& SYDNEY University UNIVERSITY E ETER




The CHARA Science Meeting 2025

2D Elliptical Gaussian Model
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Fixed Ring

Model
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Geometric Modelling

Fixed Ring Model

Gaussian Model Ring Model
[ =22°43° [ =22°+3° [ =26°+ 3°
PA = 155°+ 7° PA = 157°+9° PA = 161° + 6°
X2 =1.62 xZ =175

xZ = 1.68
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Geometric Modelling

Gaussian Model Ring Model Fixed Ring Model

[ = 22°43° [ =22°+43° [ = 26°+3°
PA =155°%+7° PA =157°1+9° PA =161° + 6°
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[ star = 60%

Compared to SED from
Woitke+19: fsiar = 55%

HD143006 Misalignment
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Geometric Modelling

Ring Model

i=22°%3°
PA=157°+9°

x:=1.62
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Optically thick gas in cavity?
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Misalignments and Shadows
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Misalignments and Shadows wimaor

cos AG(i1,PAq,ir,PAy) =
sin(iq) sin(ip) cos(PA; — PAy) + cos(iy) cos(ip)

6 =Mutual misalignment

a = Position angle of line of line of shadow

_ tan-] sin(i1) cos(ip) sin(PA{) — cos(iy) sin(ip) sin(PA»)
@ =t sin(i1) cos(is) sin(PA1) — cos(i1) sin(is) cos(PA»)
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Misalignments and Shadows winew

_ h-cos(i1)
~ cos(iy) sin(ip) sin(PA{) — cos(i1) sin(iy) sin(PA,)

h = height of scattering surface
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Credit: Poon, Zhu, Zanazzi, U of T; Sahl Rowther, et al, Warwick University
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binary only

t = 2000 binary orbits

HD143006 Misalignment
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Possible explanations?

single star + planet

t = 195 planet orbits
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t = 75 planet orbits
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Possible explanations?

5832 years

» Stellar companion at inclined orbit
» Binary separation = 2au

» Companion mass = 0.36 M

» Planetary companion at 32au

» Planetary mass = 10M;

Z
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Companion Search:

* 50x50mas grid

* 0.1mas step size

* Run with fixed ring model

y (mas)
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Companion Search:

e 50x50mas grid
* 0.1mas step size
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Can we find an upper limit?

3.00 detection
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Summary and Future

5 v Obtain disc model &
v constrain inclination
and position angle
v Confirm misalignment
P o e s M v Upper mass limit found
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Thank you!

La

v" Obtain disc model &
constrain inclination
i and position angle
v Confirm misalignment
A v" Upper mass limit found
L\ ? Hidden planet and/or
: Fid companion?
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