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”'D/'sks are so cool, they have
different shapes, spirals, gaps,
planets are just boring PSFs!”

Jos de Boer
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Direct Imaging
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Direct imaging

AO OFF AO ON

Adaptive Optics
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Speckle pattern
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COND - 700K - 5.0

ncamemelo| IMmaging

Flux (phot/s/m?)

AN W

1.5 2.0
A (um)

SETTL — 1300K - 3.0

K1 K2

Flux (phot/s/m?)

Vigan A, phD thesis Vigan+2016
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Angular Differential Imaging

| Courtesy of A.Vigan
' FOV
rotation

altazimutal telescopes

Ci=A-B D= derot(C,-)
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Protoplanet

DUTFLOW

FRED FAI./ZI.- CAVITY ) T
. P|aﬂet-t0-be TOD'S | ‘N BSEORVER
o Still accreting '
e Rescaled FUor

CAVITY

Infrared Water Emission From Protoplanetary Disk  Spitzer Space Telescope ¢ IRS
NASA / JPL-Caltech / D. Watson (Univ. of Rochester) ssc2007-14c¢
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- Credit Frederic Masset




lmaging protoplanets

» Accretion indicators: Ha, Paschen
 NIR counterpart
e Interferometry (CPD)

MmMousQe

Multi unit spectroscopic explorer

Gemini z

Planet *

Imager Q
s 3 ’/ Ex ;IHxaﬂtRLec ch ALMA
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First detection: LkCa 15b
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Ha detection

KLIP Ha KLIP Continuum c KLIP ASDI (Ha-Continuum)

o
©
o
(o))
%)
O
=
o
©
| -
2
(7))

Alice Zurlo Great barriers



Proto)planet Killers
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Thalmann+16

SCExAO/CHARIS (K band) ==
1/2018
ASDI/A-LOC
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PDS 70
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Alice Zurlo

H2H3 2015-05-03

H2H3 2015-05-31

K1K2 2016-05-14 L' 2016-06-01
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BT-Settl
petitCODE(0)
petitCODE(1)
petitCODE(2)
petitCODE(3)
Exo-REM(1)
Exo-REM(2)

Separation = 200 mas (25 au)

AH2 = 9.2 + 0.2 mag
Mass = 5-10 M,

Teff = 800 - 1100 K
IRDIS H2, H3, K1 and K2 +
NaCo L

Keppler+18,
Muller+18
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PDS 70b Is accreting!

MagAO Ha An Accreting Planet Within a Disk Gap
May 2018

Blue: Infrared E N |
Red: Ha (accretion)
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PDS 70 b&c
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Haffert+19
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PDS 70b CPD

-0.4 -0.2 0 0.2 0.4

Best-fit planet model | (M11)
Best-fit planet model Il (variable extinction)
Best-fit circumplanetary disc+planet mode
Planet contribution Il (M11)
SPHERE - IFS (2018/02)
SPHERE - IRDIS (2015/05)
SINFONI - IFS (2014/05)
SPHERE - IRDIS (2016/05)
SPHERE - IRDIS (2018/02)
NICI (2012/03)

NACO (2016/06)

w

AFy (x10716 W/m?)
N

Christiaens+19

3.0 35 4.0
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Flux Density (mJy beam—) Flux Density (mJy beam—")
0 0.03 0.1 0.3 0.03 0.1 0.3

robust = 2:05 ’ NIRYfromAV/ S/ SEHERE

)
@
]
O
P
.
o)
@
a
o

0.2 0.0 —-0.2 . : . 0.0 —-0.2 —-0.4 0.4 0.2 0.0 -0.2 —-0.4
6RA (arcsec) dRA (arcsec) dRA (arcsec)

Isella+19
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Survey of nearby TDs

Name Sp. Type d(pc) Age (Myr) Planet formation/presence indicators

MWC 758" A8Ve 160 1.5¢ Spiral arms, possibly shaped by a ~ 10 M, companion at 160 au
HD 135344 B* F8V 136 8" Possible planet induced features

HD 142527 FoIII 157 5¢ Accreting stellar companion

HD 100546 B9V 110 5¢ Spirals, protoplanet candidates, bar-like structure

HD 98800 B K5 47 7-10° Gapupto 0713

AK Sco Ae 141 10-20/ Two spiral arms

V4046 Sgr AB K5V 72 10-20¢ Rings at 14, 29, and 40 au

HD 169142 B5V 114 3-12" Gap at 23 au

DoAr44 K3 146 ‘ Gap from 5 to 32 au, a rescaled version of HD 142527
HD 97048 AOV 185 ‘ Gaps at 34,79, 140 au, and 179 au and 4 rings
HD 141569 A AOVe 106 Ringlets at 47 au, 64 au and 93 au

UX Tau A K2Ve 140 Gap at 074

HD 100453 A9Ve 104 Gapup to 0”18

PDS 66 K1Ve 86 Gap up to 0”717

ZUrlo+in prep.

SEE ALSO ,
CUGNO’S TALK , SPHERE

Spectro-Polarimetric
High-contrast
Exoplanet REsearch
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Contrast curves

HD141569A

PSF profile
Continuum
: ASDI
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PDS70b :
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Zurlo+in prep.
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. Credit: Wang&Marois
Cecilia Lazzoni

Four giant planets b .
. . C
with masses in the -
range [5,10] My at » ;F\
ajor axes of :
d
20 au

2009-07-31
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ADI fullframe, mode=stddev, lambda/D=3.000000

PCA+ADI fullframe,

Lazzoni+in prep.
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Fake moon

PCA+ADI fullframe, PCS=5, mode=stddev, lambda/D=3.000000

/5 ? W

|
Residuals, sigma=0.048950

PCA+ADI fullframe, PCS=5, mode=stddev, lambda/D=3.000000

/10 . i

Residuals, sigmn-!.037549: o

PCA+ADI fullframe, PCS=5, mode=stddev, lambda/D=3.000000

/50 . ,

.- pa L

Residuals, si&l*.os:uls:. s

Lazzoni+Iin prep.
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BDs with candidates

BDT BD2

Lazzoni+in prep.



BD1 residuals

First epoch

ADI fullframe, mode=stddev, lambda/D=3.000000

Residuals, sigma=0.589178
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BD2 residuals

First epoch

ADI fullframe, mode=stddev, lambda/D=3.000000

Follow-up observations
granted with LBT & VLT

STAY TUNED!
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(Gas kinematics
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Perez+15
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Pinte+18

CO lower surface

velocity
kink

CO upper
surface

e

HD 97048 midplane

D 970

-1

Av=0.96 km/s

Pinte+19
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HD 163296

A Ra ["]
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HD 100546

03 04 05 060708
" mJybeam

unsharp

e «— Mm point source

Ab | arcsec
o
o

Ab | arcsec

»

s
",
%

-, )5-

50 contour

A6 | arcsec
o
(=]
AS | arcsec

04 0.2 0.0 -0.2 -04 0.15 0.10 0.05 0.00 -0.05 -0.10 -0.15
Aa / arcsec Aa / arcsec

resolved
inner disk

0.0 20 40 6.0 8.0 10.0 12.0

e e |

0.0 20 40 6.0 8.0 10.0 12.0

e e |

= 4 i 0.02 0.00 -0.02 -0.04
12CO distorted kinematics Da / arcsec

within the gap

Follow-up observations to be
delivered soon

Ab | arcsec

STAY TUNED!
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Perez+subm.
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lake-away points

* Imaging protoplanets is possible today thanks to
8m-class telescopes and interferometry

 The only confirmed and solid detections are the
two protoplanets around the star PDS 70, both of
them are accreting

* \We have possible satellite candidates around two

Alice Zurlo Great barriers



