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Outline (2 claSses)

+ AO: why and how?

+ AO: data processing

+ Coronography: why and how?

+ Exoplanets: current observations

+ Disks: interpreting images

+ The big picture (interferometry, ELTs)
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Coronography :
Why and How?
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Need to improve contrast!

+ Achievable contrast is not yet sufficient
for planets (or disks)
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Need to improve contrast!
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Block the central star!

+ A simple idea to prevent saturation on
detectors and go deeper

% HST/AO/coronography: disks and planets
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Block the central star!

+ A simple idea to prevent saturatlon on
detectors and go deeper B

+ However, just hiding it is not
enough...

% HST/AO/coronography: disks and planets
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Block the central star!

+ A simple idea to prevent saturatlon on
detectors and go deeper | |

+ However, just hiding it is not
enough...

» Try the Sun with anything you
can to hide it!

% HST/AO/coronography: disks and planets
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Lyot coronography

+ 1930s design, dedicated for the Sun

SOLAR OIS
r 0RO KA LLI HT

HST/AO/coronography: disks and planets
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Lyot coronography

+ 1930s design, dedicated for the Sun

+ Key element: the Lyot stop!!
» Blocks scattered light

r F:IN LLI HT

HST/AO/coronography: disks and planets
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LLyot coronography

+ Optical concept:

Aperiure
IMix/ Dy

[l-rr

sine (D@ )
Total Power: 100%

Occulting Mask
Transmission Function
1= wilM/s))

Masked Image
{1 - wi{DB/s))sinc (D8 )
935 Power Blocked

| Fr
The Second Pupil Field
TTix/ D = {B(x) - %W{sx_.-"DJl_)

Lyot Stop
Transmission Function
Mix/Dy)

: i : On-Axis Throughput ..
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Pupil (Fourier) plane - o e

98% Power Blocked

HST/AO/coronography: disks and planets




ONTHF FRINGE A, el

LLyot coronography

+ Optical concept:

Occulting mask

Image plane
Pupil (Fourier) plane

HST/AO/coronography: disks and planets
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LLyot coronography

+ Optical concept:

Occulting mask

Lyot stop

Image plane
Pupil (Fourier) plane
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Aperiure
IMix/ Dy

[l-rr

sine (D@ )
Total Power: 100%

Occulting Mask
Transmission Function
1= wilM/s))

Masked Image
{1 - wi{DB/s))sinc (D8 )
935 Power Blocked

FT

The Second Pupil Field
TTix/ D = {B(x) - %W{sx_.-"DJl_)

Lyot Stop
Transmission Function
Mix/Dy)

On-Axis Throughput
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| FT

Final Image
98% Power Blocked
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Lyot coronography

+ Strong improvement on
achievable contrast
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LLyot coronography

+ Strong improvement on
achievable contrast

inside

outside
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LLyot coronography

+ Occulting spot not always circular
»STIS wedge, allows range of spot sizes

HST/AO/coronography: disks and planets
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Modern coronographs

+ HST and ground-based AO systems all
have coronographic modes

+ Typical occulting spot size: 0.3-3"
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Modern coronographs

+ HST and ground-based AO systems all
have coronographic modes

+ Typical occulting spot size: 0.3-3"

+ Importance of space
» Stable PSF and ‘perfect’ positioning

+ Much more data from HST than ground-
based AO

% HST/AO/coronography: disks and planets
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Modern coronographs
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Modern coronographs

+ Coronography can be combined with

» PSF subtraction Cldnace nalnae
» Roll subtraction, AD|
» Polarization Difiecence honis

Courtesy:

G. Scheider
z
s
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Improving on Lyot

+ Residuals in coronographic images
come from diffraction off sharp edges

% HST/AO/coronography: disks and planets
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Improving on‘Lyot

+ Residuals in coronographic images
come from diffraction off sharp edges

» Introduce a smoothing function
» Apodization

e

Ap{:rdizer fransmission

Throughput 50%
m HST/AO/coronography: disks and planets
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Improving on Lyot

+ Residuals in coronographic images
come from diffraction off sharp edges

» Introduce a smoothing function
» Apodization

+ Smoother profiles
+ Lower resolution

e

Ap{:rdizer fransmission

Throughput 50%
% HST/AO/coronography: disks and planets
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New coronograph designs

+ Disk phase mask: cancel the star with
itself (destructive interference)

Bonography: disks and planets
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New coronograph designs

+ Disk phase mask: cancel the star with
itself (destructive interference)

» Size of spot is selected to match fluxes
»>Size = 0.53 /D
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New coronograph designs

+ Disk phase mask: cancel the star with
itself (destructive interference)

» Size of spot is selected to match fluxes
»>Size = 0.53 /D
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New coronograph designs

+ 4-quadrant phase mask
» A different flavor of the same idea
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New coronograph designs

+ 4-quadrant phase mask
» A different flavor of the same idea
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New coronograph designs

+ Shaped pupil coronographs

Ring  Barcode Cross-barcode Spiderweb Starshape

.| %
Early ripple designs  ripple1 ripple2 ripple3

- et —

%E - || = | =
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Coronography: limitations

+ Fine design and alignment!

% HST/AO/coronography: disks and planets
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Coronography: limitations

+ Fine design and alignment!

HST/NICMOS

% HST/AO/coronography: disks and planets
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Coronography: limitations

+ Chromaticity of transmission optics!
» Limited to narrow-band filters
» Sensitivity?
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Coronography: limitations

+ Chromaticity of transmission optics!
» Limited to narrow-band filters
» Sensitivity?

» Shaped pupil corono S
are OK BN
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Coronography :
Data processing

HST/AO/coronography: disks and planets
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How to treat such datasets?

+ Need to subtract remaining stellar flux

% HST/AO/coronography: disks and planets
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How to treat such datasets?

+ Need to subtract remaining stellar flux

+ Similar to AO images
» Regular PSF subtraction

— Time/color constraints
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How to treat such datasets?

+ Need to subtract remaining stellar flux

+ Similar to AO images
» Regular PSF subtraction

— Time/color constraints

» Roll subtraction
— Not possible on all telescopes

% HST/AO/coronography: disks and planets
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Example: [3 Pictoris

Smith & Terrile (1984)
\' P TR
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Example: 3 Pictoris

Courtesy: J. Krist

-~

Smith & Terrile (1984)
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Example: 3 Pictoris
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Contrast gain

+ Direct complementary images needed
to probe the inner regions

ACS V-Band Point Source Detaction Limits

i] ] I I? : : l : = :I : I : 5
Arzear
m HST/AO/coronography: disks and planets
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Some little dé

oy

ects

+ Need perfect centering and focusing

Courtesy: J. Krist
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Some little defects

+ Need perfect centering and focusing

LN

centering

Courtesy: J. Krist

o
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Some little dé

ects

+ Need perfect centering and focusing

centering breathing

Courtesy: J. Krist
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Some little de

ects
+ Need to adjust flux of central star to

within 1-2%
» Hard to estimate!!

% HST/AO/coronography: disks and planets
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Some little

+ Need to adjust flux of central star to
within 1-2% |

—FLUX (MATCHED} |

> Hard to estimate!! e

<=L (- 10

Courtesy: G. Scheider
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Science: Exoplanets
(direct detection)

m HST/AO/coronography: disks and planets
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Exoplanets: basics

+ Current state of the art
»See N. Santo’s talks (Thursday & Friday)

% HST/AO/coronography: disks and planets
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Exoplanets: basics

+ Current state of the art
»See N. Santo’s talks (Thursday & Friday)

anets are frequent
anets are massive
anets are close In
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Exoplanets: basics

Current state of the art
»See N. Santo’s talks (Thursday & Friday)

anets are frequent
anets are massive [
anets are close In

A/d on 8m (2.2 um)

Beuzit et al. (PPV)
HST/AO/coronography: disks and planets
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What do we want to know?

+ Physical properties

% HST/AO/coronography: disks and planets
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What do we want to know?

+ Physical properties
»M, R: composition
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What do we want to know?

+ Physical properties
»M, R: composition
» Physico-chemistry

— COIO”S: Surface Geometric albedo vs pol(QO]

-10

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70
geometric albedo
HST/AO/coronography: disks ana prane ;
’
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+ Physical properties =
>M, R: composition w1}, dependence on
Fgnl | . particle size,

>Physico-chemistry 1 impact-on clouds !

— Colors: surface
— Atmosphere (features)

% HST/AO/coronography: disks and planets
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+ Physical properties =
>M, R: composition w1}, dependence on
| [ particle size,

» Physico-chemistry i || ) mpacton clouds!

— Colors: surface
— Atmosphere (features)

» Geology? Biology?

% HST/AO/coronography: disks and planets
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Search for wide planets

+ Ongoing for ~15 years
> A high contrast challenge (10° -

=Al Solar V5

% HST/AO/coronography: disks
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Search for Wlde planets

+ Ongoing for ~15 years
> A high contrast challenge (1 06 - 109 )
» A few BD companions Sy

Brown Dwarf GIIESF.-_ 229B

am)

erg/lem® g

I,

Palomar Observatory Hubble Space Telescope
Discovery Image Wide Field Planetary Camera 2
Cciober 2 7, 1994 Movember 17, 1995

PRCBE -’-!"-- '.IF\TI e r 28, 1985
I. Makajim I h. ni (a8 I I 3. Durrance and o oM [JHLE), MAZ

HS 7 /A O/corono graphy: disks
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What can we do now?

+ Search around nearby young stars
» Forming planets are brighter!

% HST/AO/coronography: disks and planets
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What can we do now?

+ Search around nearby young stars
» Forming planets are brighter!

BROWN DWARFS (Deuterium burning)

PLANETS

Log;y Age (years)

HST/AO/coronography: disks and planets
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What can we do now?

+ Search around nearby young stars
» Forming planets are brighter!

100 Myr

STARS (Hydrogen burning)

BROWN DWARFS (Deuterium burning)

] - e - l H‘ Ph".l.
PLANETS N - orbiting a G2V
star al 4 AU

Log;y Age (years)

8 u L
Burrows et al. ARCRORET
HST/AO/coronography: disks and planets
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AB Pic

+ 30 Myr-old star (Tuc-Hor association)

% HST/AO/coronography: disks and planets
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AB Pic

+ 30 Myr-old star (Tuc-Hor association)
+ Companion 260AU away

AK ~ 8 mag

Sep. ~ 5" ﬂ
| &

Chauvin et al. (2005)
% HST/AO/coronography: disks and planets




ONTHE FRINGE

AB Pic

+ 30 Myr-old star (Tuc-Hor association)
+ Companion 260AU away
>10-20 M, NG
ABPI cA BACH98

AK ~ 8 mag T (M dwarfs)

Sep. ~ 5" ﬂ
| &

\_\_ ABPicB

= I
DUSTY |
(L dwarfs)

" COND (T dwarfs) |

Chauvin et al. (2005) | -+ | |
% HST/AO/coronography: disks and planets
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AB Pic

+ 30 Myr-old star (Tuc-Hor association)

+ Companion 260AU awa
>10-20 M, 1

AK ~ 8 mag

Sep. ~ 5" ﬂ
| &

Chauvin et al. (2005) | -+ | |
% HST/AO/coronography: disks and planets
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IMASSWJ 120

7334-39325

+ 9-10 Myr-old 24 M, primary (33pc)

% HST/AO/coronography: disks and planets
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2MASSWJ 1207334-39325

+ 9-10 Myr-old 24 M, primary (33pc)

- x :#H FT:'II: F0
Chauvin et al. (2004)
% HST/AO/coronography: disks and planets




ONTHE FRINGE I

i ]

IMASSWI 1207334-39325

+ 9-10 Myr-old 24 M, primary (33pc)
» T ~ 1600K, 8 M, companion

ed Fi

Normaliz

ol 3PCC
S48 mas b — — —  =M0310 {12.5)
55 ALl at 70 po

Chauvin et al. (2004)
m HST/AO/coronography: disks and planets
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GQ Lup

+ An example of technical improvements!

ESQ VLT NACO June 2004

. . h
Neuhauser et al. (2005)

m HST/AO/coronography: disks and planets
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GQ Lup

+ An example of technical improvements!

ESQ VLT NACO June 2004

ESO/Come-On+ 1994

1

| '!‘,pp?_i- !L_' "
e e

o

m HST/AO/coronography: disks and planets
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GQ Lup

+ An example of technical improvements!
> ~5 Myl’ 'Ol d 2 5 M Jup _":  GAIAcond 2.0 model: T.=2850K, logg=3.7

ESQ VLT NACO June 2004

- ESO/Come
3 - r’ﬁ'l "W""' “' | I‘l'""ﬂr‘uu

1.:]:— “'ql'h " ruJ'U!J l Lw" L 'l"\

i

SINFONI J band spectrum

g
[ rd
e
L]
_I.
u
=
L
o
2
=
©
1]
=
i

1.25
Wavelength (um)

Neuhauser

Neuhauser et al. (2005) (& J;hsén‘uéthé} (200'7)' o et al. (2007)

m HST/AO/coronography: disks and planets m
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What are these objects?

+ Too far from their parent star to form in
a disk through core accretion

» Are they really planets?

% HST/AO/coronography: disks and planets
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What are these objects?

+ Too far from their parent star to form in
a disk through core accretion

» Are they really planets?

+ Similar to “free-floating” VLM objects Iin
o Ori, for instance

» Come very low-mass prestellar cores

% HST/AO/coronography: disks and planets
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What are these objects?

+ Too far from their parent star to form in
a disk through core accretion

» Are they really planets?

+ Similar to “free-floating” VLM objects Iin
o Ori, for instance

» Come very low-mass prestellar cores
+ No very low-mass objects found

% HST/AO/coronography: disks and planets
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What next?

+ Need even higher contrast at shorter
separations

% HST/AO/coronography: disks and planets
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What next?

+ Need even higher contrast at shorter
separations

» Dedicated instruments (future AQO)

Simulated Simu
95% Strehl in H band 99.9999% Strehl
8m telescope

m HST/AO/coronography: disks and planets
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What next?

+ Not just images: need spectroscopy!!

% HST/AO/coronography: disks and planets
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What next?

+ Not just images: need spectroscopy!!

TIGER MODE OPTICAL LAYOUT
Lenslet array —

Plang  Enlarger  Lens Arvay Collimador — wedge Grkim Canwrs (O

Keck/OSIRIS

m HST/AO/coronography: disks and planets
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What next?

+ Not just images: need spectroscopy!!

TIGER MODE OPTICAL LAYOUT
Lenslet array ,
Plang  Enlarger  Lens Arvay ol o ‘:midi:r Cobam Caners (CCD
. |
Image slicing (| (TSR )

VLT/SINFONI
Keck/OSIRIS

m HST/AO/coronography: disks and planets
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Y., : Planets
o i
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4 * v v
Ben e 5

3

1.0 10.0 100.0 100:0.0 e
Physical separation (AU)
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Circumstellar disks :
Scientific results

m HST/AO/coronography: disks and planets
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Coronography: a family picture

% HST/AO/coronography: disks and planets
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Coronography: a family picture

HR 4796

.
Schneider et al. (1999)

m HST/AO/coronography: disks and planets
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Coronography: a family picture

HR 4796 B Pic

@  ‘-4

-
Schneider et al. (1999) Kalas et al..(2000)

m HST/AO/coronography: disks and planets
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Coronography: a family picture

HR 4796 B Pic T *-

MR -

Schneider et al. (1999) Kalas et al..(2000) 6;;Iﬂpiﬁf"g‘f“a/, e

m HST/AO/coronography: disks and planets
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HR 4796 BPic . L AB AT

\.4 :
Schneider et al. (1999) Kalas et al. {2000) C;;Iﬂp,n af'al (2003)Cukagawa et al *(2004)

m HST/AO/coronography: disks and planets
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HR 4796 B Pic N 3 PABAur

\.4 :
Schneider et al. (1999) Kalas et al. {2000) C;;Iﬂp,n ot al (2003)Cukagawa et al *(2004)

HD 100546
1\ e
. Wi

m HST/AO/coronography: disks and planets
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HR 4796 pPio . L AB AT

g k

[ ]
-
i“
- '
- i y
= 144 AlJ

Schneider et al. (1999) Kalas et al. {2000) C;;Iﬂp,n af'al (2003)Cukagawa et al *(2004)
Fomalhaut .. EJ HIEg 046

:Vé-

-

Kalas et al. (2006) Grady et al. (2001)

m HST/AO/coronography: disks and planets
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HR 4796 B Pic A R CEr

-t

4
-

1" ]4-1.'\.[

Schneider et al. (1999) | Kalas et al. 2000) | Clampiriet al. (2003) Fukagawa bt al: (2004)
AU Mic Fomalhaut .. i J HD 100546

Fitzgerald et al. (2007) | Kalas et al. (2006)

m HST/AO/coronography: disks and planets
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mily picture

HST/AO: a fa

+ ‘Natural’ coronograph

% HST/AO/coronography: disks and planets
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mily picture

HST/AO: a fa

+ ‘Natural’ coronograph
» Edge-on disks

Burrows et al. (1996)

L

% HST/AO/coronography: disks and planets
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HST/AO: a family picture

___Perrin et al. (2006)
PDS 144

+ ‘Natural’ coronograph
» Edge-on disks

Burrows et al. (1996)

')

L @ = & @

Gourtesy: C. McCabé¢
m HST/AO/coronography: disks and planets
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HST/AO: a family picture

___Perrin et al. (2006)
PDS 144

+ ‘Natural’ coronograph
» Edge-on disks

Burrows et al. (1996)

1}

L @ = oM oW b otho@m

Courtesy: C. Pinte

: Gourtesy: C. McCabé¢
m Rrist st al. (2005{ iphy: disks and planets
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What type of observatlons"

K Ir. AQ
VLT/VISIR e T 10 a#m

11.3 um

§l Spitzer r ;
10 um Y

IRAM /PdB 1.4 mm
Courtesy: C. Pinte

HST/AO/coronography: disks and planets
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What type of observatlons"

K k AQ
VLT/VISIR e T 10 0.6 ju

11.3 um
‘ ’ - S. Wolf s courses

Spitzer L. Testi’s
10 um h.. courses

IRAM /PdB 1.4 mm

Courtesy: C. P/nte
HST/AO/coronography: disks and planets
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What type of observatlons"

K k AQ
VLT/VISIR e T 10 0.6 ju

11.3 um
‘ ’ - ey Wolf s courses

Spitzer L. Testi’s
10 um h.. courses

IRAM /PdB 1.4 mm

Courtesy: C. P/nte
HST/AO/coronography: disks and planets
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Interpreting disk images

+ Images are very important but need to
be quantitatively analyzed

» Obtaining an image is a not a goal in itself

% HST/AO/coronography: disks and planets
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Interpreting disk images

+ Images are very important but need to
be quantitatively analyzed

» Obtaining an image is a not a goal in itself

+ This usually requires exact radiative
transfer modeling

» If possible in conjunction with SED...
»See S. Wolf’s lectures

% HST/AO/coronography: disks and planets
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Basic parameters

% HST/AO/coronography: disks and planets
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+ Disk radii: 10s to 1000s of AU

IRAS 04158+2805
~1100 AU, " ot

HV Tau

-
" ~40AU

Stapelfeldt et al. (200

% HST/AO/coronography: disks and planets

o
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Basic parameters

+ Disk radii: 10s to 1000s of AU
+ Disk height: H/R ~ 0.1

IRAS 04158+2805
~ 1100 AU.. gt

gt )
L

HV Tau

-
" ~40AU

Stapelfeldt et al. (200

I.". ."l‘
3 o - % o
= " L
" 1 . o
- by
B '
s 0o TUBY

** sy o E

Glauser et al.-(2007)
HST/AO/coronography: disks and planets
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Basic parameters

+ Disk radii: 10s to 1000s of AU
+ Disk height: H/R ~ 0.1

+ Masses cannot be easily determined

» Young disks are optically thick... iraso4158+2805
> Radio regime! HY Tau P

. -
— L Testi’s courses ~ 40 AU

Stapelfeldt et al. (200

lmItl . @}_ i é %
Glauser et al. (2007)
) HST/AO/coronography: disks and planets ﬂ : G

Labreeroie # AsrCpysove de Cazioble
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Structural information

Perrin et al. (2006)
" PDS 144

+ Flared geometry
» Hydrostatic equilibrium

% HST/AO/coronography: disks and planets
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Structural information
Perrin et al. (2006)
- e PDS 144
+ Flared geometry

» Hydrostatic equilibrium
+ Truncation in binaries?

tapelfeldt et al. (2003)

m HST/AO/coronography: disks and planets
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Structural information

Perrin et al. (2006)
e ? PDS 144

+ Flared geometry
» Hydrostatic equilibrium

+ Truncation In binaries?

+ Presence of spiral arms

» Companions? Instability?
AB Agr i tapelfeldt et al. (2003)

et al. (2004) = 4
! k-
.
=k g5 - ography: disks and planets

Fukagawa
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Structural information

+ A word of caution about asymmetries:
» What you see is not what you have!

) “f HD 100546 i ABAur
# .
- Lot
t -l
” "‘. '

2 —
Grady et al. (2001) Fukagawa ét al. (2004)
% HST/AO/coronography: disks and planets




ONTHE FRINGE A

Structural information

+ A word of caution about asymmetries:
» What you see is not what you have!

+ Asymmetries are real, but may not be in
density (optically thick?)

) “f HD 100546 i ABAur
- s 4

-*
| -
R..‘
- N
-
. :
"l-

t,
-"‘

2 —
Grady et al. (2001) Fukagawa ét al. (2004)
% HST/AO/coronography: disks and planets




ONTHFFRINGE Ll e

Structural information

+ A word of caution about asymmetries:
» What you see is not what you have!

+ Asymmetries are real, but may not be in
density (optically thick?)

) “f HD 100546
-

k-.‘ | # ™ r | i
;' ‘ : @ . Optically thinl—
. :
:"Ir i "" i i o
£ o @

t,
| —— — - f -

Grady et al. (2026“)1 ) Fuk:gawa bt al’ (2004) «Piétu et al: (2005
% HST/AO/coronography: disks and planets




ONTHE FRINGE 3, q.";*'!;

Dust information

+ We receive scattered stellar photons
+ Scattering depends on A/2na

% HST/AO/coronography: disks and planets
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Dust information

+ We receive scattered stellar photons

+ Scattering depends on A/2na

» ‘Phase function’ varies:
— Large grains scatter forward
— Small grains scatter isotropicaly

% HST/AO/coronography: disks and planets
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Dust information

+ We receive scattered stellar photons

+ Scattering depends on A/2na

» ‘Phase function’ varies:
— Large grains scatter forward
— Small grains scatter isotropicaly

» Scattering off small grains polarize more
than large grains

% HST/AO/coronography: disks and planets
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Dust information

+ We receive scattered stellar photons

+ Scattering depends on A/2na

» ‘Phase function’ varies:
— Large grains scatter forward
— Small grains scatter isotropicaly

» Scattering off small grains polarize more
than large grains

+ Scattering also depends on geometry

% HST/AO/coronography: disks and planets
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Dust information

+ An exemple: the GG Tau ring

% HST/AO/coronography: disks and planets
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Dust information

+ An exemple: the GG Tau ring
» A case where A < 2ra (‘large’ grains)

= LU

Silber et al. (2000)
HST/AO/coronography: disks and planets H ﬁ s

//

Labreeroie # AsrCpysove de Cazioble
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Dust information

+ An exemple: the GG Tau ring
» A case where A < 2ra (‘large’ grains)

= LU

Silber et al. (2000)
HST/AO/coronography: disks and planets H ﬁ s

//

Labreeroie # AsrCpysove de Cazioble
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Dust information

+ Basic strategy: image same disk over a
wide range of wavelengths

» Each image probes a different grain size

% HST/AO/coronography: disks and planets
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Dust information

+ Basic strategy: image same disk over a
wide range of wavelengths

» Each image probes a different grain size

+ Dust opacity decreases at longer
wavelengths (reddening)

»Longer wavelength images probe deeper
layers of the disk!

% HST/AO/coronography: disks and planets
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Back to the GG Tau ring

+ The longer the wavelength, the larger
the reCIUWGd a max Observalions Models withour dust seuling

’m‘-‘ I - -
HST i WFEPC2 1

Hl.

HET S NTCMION
"
.'-E O
A Keek £ NIRC?

(.3 pm 0.5 pm

DUChéne et al (2004) Ml axammim grain size

% HST/AO/coronography: disks and planets
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Back to the GG Tau ring

+ The longer the wavelength, the larger
the reqUired amax STV AL Muodels withowt dust seuling

+ Suggests a layered 5 i
structure with larger B
grains inside o . -
»Dust sedimentation? EEaee

» Gas/dust drag?

A Keek £ NIRC? “‘;pm 0.5 um

Duchéne et al. (2004) Maximuom grain size

% HST/AO/coronography: disks and planets
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Back to the GG Tau ring

+ Vertical AND radial stratification can
account for all observations

Models without dust settlin Models with

dust sentling

. -
Hyl F WEPL

¥

.“.

OA Keck / NIRC, IH-I.I ‘-u‘n

Plnte et al (200 7) Moximum gram size

% HST/AO/coronography: disks and planets
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Back to the GG Tau ring

+ Vertical AND radial stratification can
account for all observations

Observations Maodels without dust seitling
+ Supported by

hydrodynamical q: —~| A~
(two-fluids) i
simulations O .

of the ring e
aifs

0.3 pm

Pinte et al. (2007)

% HST/AO/coronography: disks and planets
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How wide a w

= .

avelength range?

+ The edge-on disk around HK Tau B has
been observed over a factor of 20 in A

HST/WFPC2

®

L o
0.6 um

VLT/AO
-

2.2 um

Stapelfeldt

met al. (1998)

Keck/AO Keck/AO
- .

3.8 um 4.7 um

R

%
11.3 um

Courtesy: C. McCabe
HST/AO/coronography: disks and planets

McCabe et al. (2003)

Labreeroie # AsrCpysove de Cazioble
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How wide a wavelength range?

+ The edge-on disk around HK Tau B has
been observed over a factor of 20 in A

+ Well-mixed power law size distribution is
definitely excluded; large grains needed!

HST/WFPC2 | VLT/AO Keck/AO Keck/AO Keck
‘_ ™Y & - . ‘

0.6 um 2.2 um 3.8 um 4.7 um 11.3 . um

ﬂ Stapelfeldt Courtesy: C. McCabe McCabe et al. (2003)

et al. (1998) HST/AO/coronography: disks and planets

Labreeroie # AsrCpysove de Cazioble
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Older disks: debrls disks

+ After planetary system formation, dust
grains are produced in collisions

% HST/AO/coronography: disks and planets
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Older disks: debris disks

+ After planetary system formation, dust
grains are produced in collisions

+ The ‘end result’ of planet formation that
we can compare to the younger disks

% HST/AO/coronography: disks and planets
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Older disks: debrls disks

+ After planetary system formation, dust
grains are produced in collisions

+ The ‘end result’ of planet formation that
we can compare to the younger disks
» Structure: evidence for planets?
» Dust properties: processing?

% HST/AO/coronography: disks and planets
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Debris disks: structure

+ Observed asymmetries are intrinsic
» Tracers of planetary systems?

% HST/AO/coronography: disks and planets
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Debris disks: structure

+ Observed asymmetries are intrinsic
» Tracers of planetary systems?

Fitzgerald et al. (2007)

HST/AO/coronography: disks and planets
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Debris disks: structure

+ Observed asymmetries are intrinsic
» Tracers of planetary systems?

S

BOBW el T
X ey
-

GolimowskKi
et al. (2007)

ke MW side

— “-— m——
1
i i D "

£ SE side
"?_,'ﬂm.. -TT-TF e

W AB C

10 20 30 40 EDAIJ g0 F0 80 S0 100

Fitzgerald et al. (2007)

HST/AO/coronography: disks and planets




ONTHE FRINGE b e

Debris disks: structure

+ Observed asymmetries are intrinsic
» Tracers of planetary systems?

"ol et PRl ¥,

LA ; AL i

i - =
=

GolimowskKi
et al. (2007)

ke MW side
— “-— m——

[
D "

rSE s,lr:le :
"E'ﬂm.- -1—Tl—|r- e
N AB C

10 20 30 40 SDAU 60 i a0 90 100

Fitzgerald et al. (2007) Ring R AR
Kalas et al. (2006)
HST/AO/coronography: disks and planets
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Debris disks: dust grains

Keck/AO

+ The AU Mic edge-on disk:

Fitzgerald et al. (2007) |

% HST/AO/coronography: disks and planets
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Debris disks: dust grains

Keck/AO

+ The AU Mic edge-on disk:

» Linear polarization ~ 40%

» Need very small grains

Fitzgerald et al. (2007) |
<0.1T um

—da

min

P

B e -
‘ L}

e
1 ol

-

HST/ACS Graham et al. (2006)-

m HST/AO/coronography: disks and planets
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Debris disks:- dust grains

Keck/AO

+ The AU Mic edge-on disk:

» Linear polarization ~ 40%

» Need very small grains

—amm < 0.1 lle

» Grains must be porous!!

- + Jadi porous

B e -
l. it r
-

HST/ACS Graham et al. (2006)-

W,

compact -
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Debris disks: dust grains s,
e
« Another debris disk: HD 181327

Schneider
et al. (2006)

% HST/AO/coronography: disks and planets
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Debris disks: dust grains o
e

« Another debris disk: HD 181327

+ All observables cannot be explained

Schneider
et al. (2006)

) '-II'-.II"-.II"-. "
m HST/AO/coronography: disks and planets
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Debris disks: dust grains s,
e
« Another debris disk: HD 181327

+ All observables cannot be explained
simultaneously with spherical grains

Schneider
et al. (2006)

» Fluffy aggregates?

I ’ .
10
i :
) i
:I

HST/AO/coronography: disks and planets
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VLT/VISIR
11.3 um

Interferometry |

70N

Keck AO ‘U’LT NACO

mw Spltzer r
10 um B

IRAM/PdB 1.4 mm

HST/AO/coronography: disks and planets

Courtesy:
C. Pinte
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VLT/VISIR  S57me Voo P HsT 0.6 um

[1.3 um ® »
o ) g

Interferometry [JEs | Spitzer r |
I

10 um Courtesy:

Baoes - IRAM /PdB 1.4 mm C. Pinte
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The big picture :
Interferometry & ELTs

m HST/AO/coronography: disks and planets
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How about interferometry?

+ Different part of parameter space!

% HST/AO/coronography: disks and planets
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How about interferometry?

+ Different part of parameter space!

+ Inner regions of disks
> See R. Akeson’s course

% HST/AO/coronography: disks and planets
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How about interferometry?

+ Different part of parameter space!

+ Inner regions of disks
> See R. Akeson’s course

+ Radial dependence of dust properties
» Processing at high temperature

% HST/AO/coronography: disks and planets
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How about interferometry?

+ Different part of parameter space!

+ Inner regions of disks
> See R. Akeson’s course

+ Radial dependence of dust properties
» Processing at high temperature

+ Shape of inner rim
» Effect of strong illumination

m HST/AO/coronography: disks and planets
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How about interferometry?

+ Detecting planets?
+ Not directly (dynamical range!)

% HST/AO/coronography: disks and planets
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How about interferometry?

+ Detecting planets?
+ Not directly (dynamical range!)

+ Indirectly, through astrometry
» Very high precision closure phases

% HST/AO/coronography: disks and planets
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How about interferometry?

+ Detecting planets?
+ Not directly (dynamical range!)

+ Indirectly, through astrometry
» Very high precision closure phases

+ Wil be used to follow-up on planets
found by radial velocities

> See N. Santos’ courses

% HST/AO/coronography: disks and planets
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How about ELTs"

+ Extremely Large Telescopes will be 30-
40m in diameter

» Intermediate in size/resolution

% HST/AO/coronography: disks and planets
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How about ELTs"

+ Extremely Large Telescopes will be 30-
40m in diameter

» Intermediate in size/resolution

+ Direct images possible
» Higher contrast than interferometry

% HST/AO/coronography: disks and planets
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How about ELTs"

+ Extremely Large Telescopes will be 30-
40m in diameter

» Intermediate in size/resolution

+ Direct images possible
» Higher contrast than interferometry
» Complex (MC)AQO systems required
» Extremely competitive (large teams)

% HST/AO/coronography: disks and planets
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The big picture
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The big picture

+ Start with HST/AQ imaging
+ Follow-up with interferometry

+ Get nice images with ELTs /
‘Interferometric imagers’

% HST/AO/coronography: disks and planets




ONTHE FRINGE A, el

The big picture

+ Start with HST/AQO imaging
+ Follow-up with interferometry

+ Get nice images with ELTs /
‘Interferometric imagers’

+ Do the best possible science!

% HST/AO/coronography: disks and planets
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The big picture

+ Start with HST/AQO imaging
+ Follow-up with interferometry

+ Get nice images with ELTs /
‘Interferometric imagers’

+ Do the best possible science!

G Lupi EFC WLT NACO June 2004

®

7 TN -
% 1o 1/AU/Coror




