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http://en.wikipedia.org/wiki/ESO

Where and how do (gas giant)
planets form!?



The physical processes involved in planet formation are largely unconstrained

Predictions from evolutionary models for gas giant planets
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Spiegel & Burrows 2012 (see also, e.g., Marley et al. 2007)



The properties of the suspected circumplanetary disks are also unknown

Predictions for combined SEDs: young planets + circumplanetary disks
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disk models!

See following talks on
CPDs and predicted
properties!

Zhu 2015 (cf. Eisner 2015)



...and of course everything Is connected

Hydrodynamic simulations of a forming gas giant

Image courtesy: Judit Szulagyi



S0, you probably want to empirically
measure Lplanet & Lcpp and local
circumstellar disk properties




| will not really talk about these two interesting objects. ..
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Accretion!?

>| planets!

...but rather about these three
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The planet candidates around HD |69 142

|.6 micron polarized light image
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* Inner cavity <25 AU
* Annular gap ~40-70 AU

Quanz et al. 201 3b (see, also Momose et al. 2015); Osorio et al. 2014



The planet candidates around HD |69 142

|.6 micron polarized light image
NACO PDI /7 mm VLA data
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* Inner cavity <25 AU

e ~5 sigma ‘overdensity’
* Annular gap ~40-70 AU

inside the cavity ~50 AU

Quanz et al. 201 3b (see, also Momose et al. 2015); Osorio et al. 2014



The planet candidates around HD |69 42

|.6 micron polarized light image
NACO PDI
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* Inner cavity <25 AU
* Annular gap ~40-70 AU

3.8 micron high contrast image
NACO ADI

L' band (3.8 micron)

* 3.8 micron point source
at ~20-23 AU (inside cavity)

*Not (yet) detected at shorter
wavelengths (more data coming soon)

Quanz et al. 201 3b; Reggiani, Quanz et al. 2014; Biller et al. 2015



The planet candidates around LkCa |5

SMA 850 micron + Keck aperture masking (2.3 and 3.8 micron)

LkCa 15 disk LkCa 15

*/

* Dust cavity R~40-50 AU (also in scattered light)
* Companion candidate in the cavity at ~| | AU

Kraus & lreland 2012: Andrews et al. 201 |



The planet candidates around LkCa |5

VLA 7/mm + LMIRCam aperture masking (2.3 / 3.8 micron)
+ MagAO (H_alpha)

* Multiple sources compatible with orbital motion from discovery paper
* One component shows H-alpha excess emission
(potential tracer of ongoing accretion)

See also talk by
Steph Sallum

Isella et al. 2014: Sallum et al. 2015



The planet candidates around LkCa |5

; _ New data from
SPHERE polarized light J-band SPHERE GTO

program

See also talk by A
Claudio Caceres
Steph Sallum y

0.5"=72 AU

0.4” =58 AU
e

e There is small dust inside the disk cavity and scattered light from the inner disk

B sEnReetal. 201 [, 2014, 2015, in prep.



The planet candidates around HD 00546

|.6 micron polarized 0.6 micron polarized

light image (VLT/NACO) light image (VLT/SPHERE) Seglgf: Stfslsl;by

*|nner cavity <14 AU
* Brightness asymmetry

Avenhaus, Quanz et al. 2014; Quanz et al. 201 |; Garufi, Quanz et al. 2016



The planet candidates around HD 00546

|.6 micron polarized
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consistent with orbiting body
at ~10-12 AU



The planet candidates around HD 00546

|.6 micron polarized
light image (VLT/NACO) High contrast imaging with GPl and SPHERE

January 18, 2015
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*|nner cavity <14 AU * GPI ADI imaging H band * SPHERE ADI imaging in H
* Brightness asymmetry and K band

See also talk by
Elena Sissa

Avenhaus, Quanz et al. 2014; Quanz et al. 201 |; Currie et al. 2015; Garufi, Quanz et al. 2016
Other ‘indirect evidence: Bouwman et al. 2001; Acke & van den Ancker 2006; Mulders et al. 2013



The planet candidates around HD 00546

|.6 micron polarized
light image (VLT/NACO) High contrast imaging (VLT/NACO)

*|nner cavity <14 AU * Point source + plus extended emission at ~52 AU
* Brightness asymmetry DV el m L M @elielrs

Avenhaus, Quanz et al. 2014; Quanz et al. 201 1, 2013a, 2015; cf. Currie et al. 2014



The planet candidates around HD 00546

|.6 micron polarized
light image (VLT/NACO) High contrast imaging with GPl and SPHERE

January 18, 2015
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*|nner cavity <14 AU * GPI ADI imaging H band * SPHERE ADI imaging in H
* Brightness asymmetry and K band

See also talk by
Elena Sissa

Avenhaus, Quanz et al. 2014; Quanz et al. 201 |, 2013a, 2015; Currie et al. 2015;



The planet candidates around HD 00546

ALMA cycle 3 data (345 GHz)
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The planet candidates around HD 00546

New data from

ALMA cycle 3
ALMA cycle 3 data (345 GHz)
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How do we link the data to the
questions!



Compile 'simple’ SEDs of planet+disk systems and compare

Caution - very
simplistic!

LkCa |5 b - SED fitting
[LkCa15 b: two—component SED fit
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Data from Sallum et al. 2015: Ireland & Kraus 2014



Compile 'simple’ SEDs of planet+disk systems and compare

Caution - very
simplistic!
LkCa |5 b - SED fitting

LkCa15 b: two—component SED fit r ﬂ
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Compile 'simple’ SEDs of planet+disk systems and compare

Caution - very
simplistic!
HD 100546 b - SED fitting

HD100546 b: two—component SED fit
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B Re®uanz et al. 2015; Currie et al. 2015



Compile 'simple’ SEDs of planet+disk systems and compare

Caution - very
simplistic!
HD 100546 b - SED fitting

HD100546 b: two—component SED fit r ﬂ
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Compile 'simple’ SEDs of planet+disk systems and compare

Caution - very
jids : . simplistic!
Models describing the formation of Jupiter
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What’s next!



FiInd more objects...and get more data...

AVLT/NACO L band survey

NACO - L band
ISPY survey

~30 nights of GTO observations
to search for planets in disks



FiInd more objects...and get more data...

AVLT/NACO L band survey H_alpha with VLT/SPHERE

NACO - L band HD142527 B VLT/SPHERE H-alpha
ISPY survey

FAP: ~1e-8
SNR: ~32
Separation: ~55-60 mas

~30 nights of GTO observations
to search for planets in disks

New data from

SPHERE GTO
program




FiInd more objects...and get more data...

AVLT/NACO L band survey H_alpha with VLT/SPHERE ALMA data on “prime targets”
NACO 3 L band HD142527 B VLT/SPHERE H-alpha 0.0148r . R T T Y ‘7
ISPY survey 00128 . 3

0.010
= 0.008ff ]
£ : ]
2 0.006f g
:; 0.00477; o 7
0.002"; 7
0'000:;\.“ Al HDI00546 ‘1‘Ta‘u;
ooo2s@® ' T T T T
—— 00022l HD 169142 |
SNR: ~32 0.0020HIF ]
Separation: ~55-60 mas - i
0.0016Ff
~30 nights of GTO observations E i |
to search for planets in disks Nty Gelg el 3 200
SPHERE GTO 3 0.0008F 3
program 0.0004 4|
d - ]
0.00001| @ 10 au




Take home messages

For at least three young stars we have direct observational evidence that young
planets might orbit in their disks

If these are indeed forming giant planets then they are located between ~10-50
AU, i.e., at rather large separations

Detected objects have very red IR colors indicating the possible existence of warm
circumplanetary material; one objects shows signs of accretion

More data, coming from ongoing ALMA and high-contrast imaging campaigns, will
help us to characterize the SEDs of planet+disk systems

These objects allow us to constrain planet formation models with empirical data



