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Direct / High-contrast imaging

Challenge :
Observing a very faint object near a very bright one
from very far away

[Source] : O.Absil - Lecture SPAT0063 - Master in Space Sciences



Direct / High-contrast imaging
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To compensate turbulences To cancel starlight To leverage a specific characteristics of the signal to
cancel remaining speckles and noise
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Observation strategies

PDI| reduction:

(Polarimetric Differential Imaging)

— rejecting unpolarized stellar speckles
— keep the planet/disk in polarized light
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[Source] : O.Absil

Data processing with

ADI reduction :

(Angular Differential Imaging)

— rejecting static stellar speckles
— keep the rotating planet/disk light

Calibration and preprocessing V.Christiaens

pipeline (VIP + EsoRex) -

Disk recovery with MUSTAR



https://www.allacronyms.com/PDI/Polarimetric_Differential_Imaging

Disk recovery with MUSTARD

E; : Residual and noise (unique to each frame)

Si :Frame n°k
of the ADI cube

Static
50 ‘ EJN A Flux : 0.00e+00

ADI cube'
Ri(X) : Rotating contribution — circumstellar
common to all frames
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S5t= L + R(X) + Eg




Protoplanetary disk : the birthplace of planets
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Disk schematic from http://www.til-birnstiel.de



Theory : Dynamics in protoplanetary disks
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Spiral: Dynamics in protoplanetary disk

Spiral arms :
Constructive
interference of density
waves form spirals

X spiral arm
o planet

L}
.
A}
A
.
Density waves Tel

Spiral in a 1-planet system
(Ogilvie, Lubow 2002)




Theory : Dynamics in protoplanetary disk

Lindblad resonances :
Planet/disk dynamic that create density waves

Resonances occurs when :
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Scheme inspired from J. Bae - Sagan Summer Workshop 2021



Application : PDS-/70

Planet b

Planet ¢

e Thisis a spiral arm driven by
PDS 70 c

e |t follows the planet with a
rigid-object like motion

PDS 70 is a unique system |

It's the only observation of a
protoplanetary disk with confirmed
exoplanets detected



Theory : Dynamics in protoplanetary disk

Hypothesis : Rigid-body like motion.

I\ This is an approximation !
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Planet c rotates by 11° in 6 years




DATASET - 6 years of observation @ s comyunen vt
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Spiral measurement

Effect of the Laplacian filter

Observation from may 2015

Observation from march 2019

Raw science image Filtered image Raw science image | Filtered image
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Results - No significant motion is detected |
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Conclusion ?

ALMA observation (Benisty et al. 2021)

Spiral trace
measured
from ADI

No, we can’'t concluded anything yet.

A DEC (")
A DEC (")

If yes, it means that the rigid-body hypothesis
was inappropriate.

The best hypothesis given the information L0 2 & :AO(") 0 L

we have is the Vortex.
ALMA observation capture a slice of the disk

(With ADI/PDI image we have effect of height/projection)



Distance 2021-Obresvation / 2015-Theoratic:
Distance 2015-Obresvation / 2015-Theoratical

Distance 2021-Obresvation / 2015-Obresvation = 0.54px

150.0 4

1475

Distance 2021-Obresvation / 2015-Theoratical = 2.14px
Distance 2015-Obresvation / 2015-Theoratical = 3.81px 5.0
Distance 2021-Obresvation / 2015-Obresvation = 0.54px

—— 2021 - Observation - prog:60.A-98015
—— 2015 - Theoratical trace
—— 2015 - Observation - prog:095.C-02988 H2

Distance 2021-Obresvation / 2015-Theoratical = 2.75px
Distance 2015-Obresvation / 2015-Theoratical = 2.82px
Distance 2021-Obresvation / 2015-Obresvation = 1.21px

185

140

~— 2021 - Observation - prog:60.A-9801S
—— 2015 - Theoratical trace
—=— 2015 - Observation - prog:095.C-02988 H3

—— 2021 - Observation - prog:60.A-9801S bk
—— 2015 - Theoratical trace
—s— 2015 - Observation - prog:095.C-02988B H3 140.0 155.0 -
1375
152.5 4
135.0
100 105 110 1
150.0 4
) N 147.5 4
Distance 2021-Obresvation / 2015-Theoratical = 2.14px
Distance 2015-Obresvation / 2015-Theoratical 79px
Distance 2021-Obresvation / 2015-Obresvation = 1.52px
145.0 4
14254
140.0 4
T T T T T
100 105 110 115 120
E —— 13754
~—
140
—+— 2021 - Observation - prog:60.A-98015
= —— 2015 - Theoratical trace
[ 2022 - Chaervallon -prog-o0.A 86015 135 { —— 2015 - Observation - prog:095.C-0298A H2
—— 2015 - Observation - prog:095 C.0298A H3
E 100 105 110 115 120

o 100 105 110 s 120

100 105 110 115 120




Hypothese double-ring
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