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High contrast imaging Is the richest technigue
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High contrast imaging Is the richest technigue

s Gozdziewski & Migaszewski 2013

L AST]

The Dynamic HH 30 Disk and Jet
Hubble Space Telescope « WFPC2

... and the most difficult one (contrast, [WA)



1st generation medium-high contrast imagers

Instrument Telescope AO Wavelength | Ang. res. | Coronagraph
(pm) (mas)

WEPC27 HST NA 0.12-1.1 10-100

WFPC3 HST NA 0.2-1.7 17-150

NICMOSH HST NA 0.8-2.4 60—200 Lyot

ACST HST NA 0.2-1.1 20-100 Lyot

STIS HST NA 0.2-0.8 2060 Lyot

NAOS-CONICA VLT 16-SH | 1.1-3.5 30-90 Lyot/FQPM/APP/VC

VISIR VLT no 8.5—20 200-500 | FQPM/VC

COME-ON-+-ADONIST | 3.6-m ESO | 8&SH | 1-5 60—280 Lyot

PUEO-TRIDENTY CFHT 8-SH | 0.7-2.5 4-140 Lyot(/CIA)

COMICS Subaru NA 825 200-500 | ...

HICIAO Subaru 14-C 1.1-2.5 30-70 Lyot

CanariCam GTC NA 7.5-25 150470 | ...

KeckAO-NIRC2/OSIRIS | Keck 16-SH | 0.9-5.0 20-100 Lyot(/VC, 2015)

LWS+ Keck no 3.5-25 70-500 .

MIRLINT Keck no 8.0-20 160400 | ...

ALTAIR-NIRI Gemini N. | no 1.1-2.5 30-70 Lyot

NICI7 Gemini S. 9-C 1.1-2.5 30-70 Lyot

T-ReCS7 Gemini S. no 1.1-2.5 30-70

Clio/PISCES MMT 16-SH | 1-5 30-70 APP

Lyot projectt AEOS 30-SH | 0.8-2.5 60-140 Lyot/FQPM

PALAO(WCS)-PHARO | Hale 200” 16-SH | 1.1-2.5 60—-140 Lyot/FQPM/VC

AO-IRCAL Shane 120” | 8-SH | 1.1-2.5 100-150 | ...




The mother of all high contrast imagers



High contrast imaging in space enabled by stability
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ts secret: 3 fine guidance sensors (FGS)
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lo contrast limit (count/s)

Laurent’s talk
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ALICE: an overwhelming harvest POP/POSTER
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Lessons learned applied to new programs
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Not a level-playing field!

High contrast imaging through this
requires some well thought out architecture!



Suilding blocks of direct imaging instruments

Telescope

Camera(s)

Spectrograph/
Polarimeter

Dichroic/splitters

Coronagraph(s)

INS Control
Software / Ul

Calibration
sources

High quality
optical relays

Real-time
computer

DFS:
pipeline/archive

Wavefront
Sensor(s)

Motors and
controllers

Tip-tilt
Mmirrors

Derotators




Kerri and Peter

Thursday pm
hands-on session

Architecture: order matters

All high contrast imagers are based on a variant of the following
Devil is the details of their respective implementation

Motors and Motors and  Real-time
controllers controllers  computer

Derotators Optical Tip-tilt Dichroic/ | BANGVEIORNT

Telescope ADC relays mirrors splitters Sensor(s)

Optical
relays

Calibration Motors and
Corona
sources controllers

Optical
relays

Motors and
NS controllers

Software / Ul

Camera(s) Polarimeter




VLT: NAOS-CONICA

Detector plane

CONICA

Analysing Optics

Entrance focal plane

1 ADC

Dichroic

NAOS

w——

|

VLT Nasmyth Focus




10 years of AO at the VLT




Subaru: AO188 - HICIAO
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Keck: AO-NIRC?2
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Transitioning to a new regime



Gemini; NICI
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Palomar WCS

Serabyn et al. 2007

Existing
Telescope
Optics:

» Keep pupil location at DM
* Magnify pupil (by f1/12)
» Center sub-pupil on DM

* Maintain F# to AO system

=post-AO optics unchanged |

Adaptive
Optics

ﬁ DM
Subaperture
reimager

Result: >90% Strehl Ratio (how close the PSF
Is to the theoretical one for the perfect system)

Camera




T. Meshkat, J. Rameau
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1st gen untapped potential: L' band imaging

 Technical advantage:
- Untapped potential: free high Strehl
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C. Delacroix
POP/POSTER

Mid-IR vortex at Paranal

Mawet et al. 2005, 2013, Delacroix et al. 2013, Absil et al. 2013

N band (Feb 2012 L band (Sep 2012)

@ Paranal observatory




J. Milli
L-M band high contrast imaging:
1st generation’s continuous hegemony

Absil et al 2013

Milli et al 2014



Beth and Travis
talks

Science highlights from 1st generation

Keck-NIRC2: HR8799,
4-planet system
(Marois et al. 2008-10)

NACQO: 1st “exoplanet” imaged HD95086 with NACO (L)
(Chauvin et al. 2004) Rameau et al. 2013




Beth and Travis
talks

Science highlights from 1st generation

GJ758

N

PDS70 |

SAO0206462

Muto+12 T00AU | Hashimoto+12 1"

140 AU

HD 19467

Keck-NIRC2: brown dwarf companion NICI: HR4796 debris disk
(Crepp et al. 2014) (Wahhaj et al. 2014)



2nd generation high contrast imaging instruments



2nd generation = 1st generation on steroids

Extreme AO, C = (1-S) / N? (Serabyn et al. 2007):

High density DM

High density, low noise, faster WFS

Better optics => excellent wavefront quality

Optimized for stability => slow thermal & mechanical drifts

Speckle control strategies are fully built in!

Instrument Telescope AO Wavelength | Ang. res. | Coronagraph

(pm) (mas)
P3K-P1640/SDC Hale 200” 64-SH 1.1-2.4 45-90 APLC/VC
SPHERE VLT 40-SH 0.5-2.4 15-55 Lyot/APLC/FQPM
GPI Gemini South | 48-SH 0.9-24 23-55 APLC
SCExAO Subaru 14-C & 48-P | 0.55-2.4 15-55 PIAA/SP/VC
MagAO-Clio2/VisAO | Magellan 25-Pyramid | 0.55-5 18-160 Lyot(+APP)
LMIRCAM LBT’ 30-Pyramid | 2-5 60—120 APP+VC




2nd generation: deal with speckle headaches

Red pill: Blue pill:
image plane differential
wavefront sensing imaging

’ll have both!



Similar architecture + a few (critical) tweaks

Motors and Real-time
controllers computer

Telescone Derotators Optical Tip-tilt Dichroic/ | B\Navefront
s ADC relays mirrors splitters sensor(s)

Motors and Optical
controllers L OWFS relays

Motors and

Calibration Corona controllers
sources

Optical
WFSC relays

Motors and

INS Control controllers
Software / Ul

Spectro Camera(s) Polarimeter

SAME ARCHITECTURE FOR NEXTGEN SPACE-BASED CORONAGRAPHS!



Configuration - environment - telescope interaction

Telescope

Location

P3K

LBT

MagAO

SCExXAO

GPI

SPHERE

Hale 200-inch

LBT

Magellan

Subaru

Gemini S

VLT

CA

AZ

Chile

Hawaii

Chile

Chile

Cassegrain

Combined

Nasmyth

Nasmyth

Cassegrain

Nasmyth

Equatorial
mount

ASM

ASM, Rotating

Modular

Small, light weight

Heavy, stable
(damped)






Wild weather conditions!
J. O’Neal, ESO

SPHERE vs. Paranal Ambient Conditions
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Coronagraphs are allergic to dust...




—arthguakes!
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Wind shake - Vibrations - M2 control

Sauvage & Fusco et al.

2014 07 10 — closed loop gain = 0.45, pointing baek to wind 2014 07 10 — closed | 05, pointing back to wind
T T T T T T T T T T T T T T T T L — L E— T T L B R | L B B B | T T L
Freq = 10 Hz | FS = 11 SL = 1 | TC = 1 JitterXY [mos] = 5.43440 6.29111 ——— Freq = 10 Hz | FS = mas] = 16.9650 14.6871
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L 1 L 1 [ R | 1 1 1
1 10
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Dekany et al.
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Project 1640

Oppenheimer et al.

Phase Shifting LOWES (Tilt) pickoff

Mirror BS
Focal Plane

Mask

Recollimating T/T OAP

i

Spatial-filter Secondary OAP

Lyot stop/science
pickoff



Mag AO

Close et al. 2014

Adaptive Secondary Mirror
(ASM; 585 actuators)

Pyramid
WES 378
modes

- controlled at 1KHz - e e

1kHz
AOQO loop

NAS ring
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Hinz et al.

Fast (1 kHz )Corrector

(Piston, Tip-Til) Beamcombiner Slow Corrector
(Piston, Tip-Tilt)

Incoming Light
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2-2.4 and 8-13 um light
Nulling and Imaging

S \

: Nulling
3-5 um light Interferometer

Phase Sensor
(2-2.4 um)

LMIRCam
(3-5 um)



ST and Mag AO ASM

Excellent for mid-IR imaging (minimize # of optical surfaces)



SCEXAQO

Guyon et al.
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Gemini planet imager

Macintosh et al.
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Common Path

Y

Fore optics

Y

:) L Vis
S H I_ q ARG Coronagraph ZIMPOL

Beuzit et al. 2014 Y

NIR Coronagraph > IFS
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Wavefront sensing

Shack- Spatial

Pyramid |Modulation Curvature

Hartmann filter
P3K X X
LBT X X
MagAO X X
SCEXAO X AO188
GPI X X
SPHERE X X(¥)




Shack-Hartmann vs

Ragazzoni & Farinato 1999

M

SH lenslet

array O>

Pyramid Pupil lens
i

dyramid WFS

Detector

10 20 30 40

Radial order

Maximum radial order (D/r,)



Spatial filtering for SH WFS

Poyneer & Macintosh 2006

e / \ f"\ s A /f
% ! \ /ﬂ /' | A/dl to SH

s . . H
) P TR TR T R TR EE TR TE AT Fe TETETE AT TN,
D 3

1.9 AM/d 1.8 A/d 1.45 a\/d 1.3 Md ] 1.2 M/d 1.1 aMd

Spatial filter = from 1.9 to 1.1 1/d

SPHERE

SF-SH on sky! Fusco et al. 2014

L L L L L L L L |
100 1000



Spatial filtering is critical for high contrast

Fusco et al. 2014




L ow-nolise cameras

- EMCCD allows for very low readout noise

- Super-sensitive WFS

100,0 1
B 900 - | :
g ’ s\ band (grey splitter)
g
c 80,0 s R band (dichro splitter)
o
..:; 70,0 w=i==| band (grey splitter)
% wwsiyw= ) band (mirror)
SPHERE g 0
© wwsp=H band (mirror)
s £ 50,0
(Veﬂﬂed on Sky, g s K band (mirror)
o
ClOsed |OOp € 40,0 = = =Spec - goal for faint case
oo in H band
on R~15.9) Z 300
A
X 20,0 -
a conditions :
& 100 - 0.85" seeing
12 m/s wind speed
0,0 v . y .
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DM technology

LODM

HODM

P3K

LBT

MagAO

SCExXAO

GPI

SPHERE

PMN, Xinetics
(241)

Bimorph
(188)

PZT, CILAS
(97)

PMN, Xinetics
(3k)

MEMS, BMC
(2K)

MEMS, BMC
(2K)

PZT, CILAS
(1.6Kk)

Voice coll
(672)

Voice coll
(585)




Stacked array

Bimorph

lateral electrostrictive

electrostrictive effect (PMN, PZT)

Piezo element Optical plate on Optical surface
(N piezo plates) optical head Glass plate

l

Optical head

PZT plate
Actuator array —»

Rigid base plate —

I/ / /

Ground Electrode (+/-) Contacting pin

|
Applied voltages (+/- 400 V range)

- Maximum stroke of an actuator: 5= Nd33 V
¥ N: number of piezo plates
" d33: piezo coefficient (um/\V)

V: applied voltage (V)

Voice coll
Magnetic

MEMS

Actuators

(electro/magneto)

700 pm Mirror,

Capacitive sensor
armatures

Electrostatically High-Quality

actuated Attachment Membrane
diaphragm post ﬁirror -
$ T B
\_*ﬂ- et =- =" . i "

Magnets
A AR, e, [,
Bectrod
Temperat e / \
'"‘*’"':”“ Permanen t Magnet
Rexure magnet actuator

Madec et al. 2012



Dead actuators are contrast killers




Coronagraph choices

P3K

LBT

MagAO

SCEXAO

GPI

SPHERE

amplitude

phase

Lyot
PHARO

focal
plane

APLC
P1640

SP

4QPM/80PM

pupil
plane
(RAVC

(SDC)/
PHARO

LMIRCAM

PIAA

APP

LMIRCAM
Clio2




CoronAgraphs




2nd order coronagraphs
(very small IWA):
VC2 /4QPM / PIAA

" Topological charge 2 - IWA =0.91 /d
—Tilt
< —©—Focus
—¥— Astigmatism
—=-Coma
—A—Trefoil
Spherical
@
g
£
o
o
1072
107
—16
10 ‘
107 107 2

10
Aberrations (waves RMS)

4th order coronagraphs:
BL4 /VC4 / PIAA*

. Topological charge 4 — IWA =1.7\ /d

—Tilt

—-©-Focus
—%— Astigmatism
—=-Coma
108 L —A—Trefoil
Spherical

3
O

Contrast

-16

107 107 1072
Aberrations (waves RMS)

10

Mawet et al. 2010

APLC

Sivaramakrishnan et al.
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Low Order Wavefront Sensor (LOWES)

to WFS 9! 3

N <4 ---- '\;
LS b
cience
1 coro / camera

- P3K: CAL (P1640) + pseudo-SCC (SDC) — 3
- GPIl: CAL — 2’-3

- SCEXAO: CLOWES, LSLOWFS — 2’ and 3

- SPHERE: DTTS, PTTS — 1

- LBT/MAgAO: NA




SPHERE DTTS

Baudoz et al.

Light from N IR 8 98 %
SPHERE = DM +TT mirrors o Coronagraph (IR)
Common Path \ . \ 3
= Differential visible -
RTC 4 Visible WFS Tip-Tilt Plate 2%

< DTTS (IR)

i
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21640 CAL system

Vasisht et al.

LOWFS CAL Camera

Phase to

Centroid Offsets |

| CAL-HOWFS Hig:;h Order1Pf|I|ase map Y e—
: 0.01 Hz l' Centroid offset targets

i —> Y —> P3kSH = P3K Recon

fg?jzo T <—Z@< LODM / HODM j&———
: i AO WFE
CAL SYSTEM ' ~140 nm rms PALM 3000

_________________________

NCP WFE




21640 CAL system in action

Vasisht et al.

P-mode sequence

No Adaptive Optics AO on, star unocculted, short exp. AO on, star occulted, long exp.

r
4,
4t

All systems on,
Long exposure,
Companion to SW

We can detect
companions about
10,000x fainter
than this one

system on, long exp.



21640 CAL system doing

Vasisht et al.

1-3.5
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150

200

250
50 100 150 200 250

1-3.5

100

150

200

250
50 100 150 200 250

—-fleld correction

Contrast ratio 3.2e-3 to max
Channel 26, Speckle nulling, lyot mask from dom light

50

100

150

200

10™ :
P-mode raw
: ———Type | E-mode raw ]
............. — Type Il E-mode raw |
............. e i O HR 8799bcde
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Contrast (1c)
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GP| CAL system

Wallace et al.
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SCEXAO LOWEFES, option |

Guyon et al. 2009

LOWES
camera
N
N
N Science
Internal A A N A A A camera
source ﬂ N
N
' T ' \ \ \
0.02 ; : : —
Source x position (I/D) ——
Source y position (I/D) -------
Source focus (waves) --------
0.015 H DM tip (I/D) -
’ DM tilt (/D) -~~~
0.01 i
Pupil mask Focal plane mask g o005y 1
5 | “
5 of
Note: reflection from the spot 981 RMS values: ‘
i  sourcex  0.00079 I/D
can be used from any 0 H Sourcey  0.0015 UD :
. i source focus 0.0018 waves
reflective masks 005 DMtip  0.00053 D :
. DM ilt 0.0011 1/D
00 0 1oloo 2oloo 3o|00 4o|00 5000

time (s)



G. Singh

POP/Poster

SCEXAO LOWEFES, option I

Singh et al. 2014

A -
| > >

Science
camera

« ;

¥ \Z | v
Phase mask at ¢ §ow,

focal plane ' ' )

Y

Telescope i;upil

reﬂec’;ive Lyot
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~0.01 /D in the lab

- Transparent Closing |OOp on sky with VWC
Low order sensor '

(a detector)
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See Laurent’s talk

“Overview of Data Reduction Methods”

Dlﬂ:ereﬂ'“al |mag|ng techn|ques and + Tuesday hands-on session
corresponding data reduction methods

OaE 6.AD
demodulating
t, RDI
—+T09O, PDI
A, SDI
ADI SDI-IFS | SDI-DBI | PDI CDI
P1640 X X X
LBT X X
MagAQO X X X
SCEXAO X X X (%) X
GPI X X X X
SPHERE X X X X X




Performance and early science results



10 years of progress pioneered at Palomar

Boccaletti et al. 2003 Wahl, Metchev et al. 2013
H band -fﬁh-;,

Ks band

1"
100 AU

1"
100 AU

P3K



See Aaron Veicht,

Ricky Nilsson,Jonathan Aguilar
POP/POSTER

ODSKh—P1 64|O, the first XAO - IFS on sky
ppenheimer et al.

No Post Processing
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LBT: L' high contrast imaging at its best

Skemer et al. 2012, 2014

LBTAO/PISCES H-band LBTAO/LMIRCam L'

6 B T T T T I T T T T I T T T T I
LBT H-bond
e LBT L'-bond 7
w 8r: LBT L' converted to H (young stor; -------------------------- B
8‘ [+ LBT L' converted to H (old stor) --------- i
€ i
I I
O
g i
c 12
o -
o i
o i
€ 14
o i
T I
0w 16
1 8 [ L L L L ] L L L L ] L L L L ] 1 1 1 1
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|’-band vortex at LBT

Defrere et al. 2014

5-0 Lp—band contrast

1072

I T TTTITH
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0.1 1,0
Angular separation [arcsec]

o

Magnitude contrast

N

14



See Jared Males
POP/POSTER

Mag AQO: visible AO!

Claus, Males, Morzinski et al.

A Dec [arcsec]
A Dec [arcsec]
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1072E T T | T T 3
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g 107F E
~ Males et al 2014 ApJ 786, 42 3
» . ]
@ 1oL example of high contrast ]
+ = . . . . E
£ : in the visible: Beta Pic b
O L i
o I Beta-Pic b ’
H 10_5 — —
w E TaW profije 3
P C .
] L 4
c i ]
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b e B P
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Mag AO: Ha SDI

ADI reduced Continuum
(643 nm) image. Detect
weak point source 9.65 mag
fainter at 83 mas PA=130.

The Green circle is the locatio
of a faint source found by NIR

Close et al. 2014

ADI| reduced Halpha
filter (656.3 nm).
Detected H alpha point
source 295%
Continuum.

u_:-!

-'1
-
2

83 mas

See Kate Folette
POP/POSTER

ASDI reduction:
(Continuum PSF subtracted
fromm each Halpha image)
then SDI frames ADI
processed. HD1425278B
remains the same.



5-sigma contrast

GPI early exoplanet science
Macintosh et la. 2014; Chilcote et al. 2014

—\T L B A B
I \ GPI 30 min. SDI for methane
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F Keck 45 min ----- ]
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GPI early exoplanet science
Perrin et al. 2014

One individual 60 s exposure Combined total intensity

Polarized intensity




PHERE first light!

SPHERE image in H2 deconvolved image using Synthetic image

MISTRAL [9] from CASSINI data [10]

Commissioning on-going



"HERE early contrast performance

Com1, improved since!
M2 control issue solved => 92% Strehl at H
tip-tilt rms within specs (3 mas)
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@ 4
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g 0
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Summary

Telescope/
Platform

Coronagraph

P3K/P1640/
SDC/PHARO

LBT(l)

MagAO

SCExAO

GPI

SPHERE

Cassegrain /
Palomar 200
inch Hale
telescope

Combined
focus /
LBT

Nasmyth /
Magellan

Nasmyth /
Subaru

Cassegrain /
Gemini South

Nasmyth /
VLT

SH

Pyramid

Pyramid

Curvature
(AO188) /
Pyramid

SFSH

SFSH
(EMCCD)

LODM/HODM | APLG/RAVC/
(Xinetics) VC
APP/G
ASM (LMIRCAM)
ASM APP (Clio2)
LODM/HODM
(CILAS(/BMC) ~ TIAANC
LODM/HODM
(CILAS/BMC) APLC
HODM APLC/4QPM/
(CILAS) CLC

CAL + SH

N/A

N/A

CLOWFS/
LSLOWFS

CAL + SH

DTTS

SDI/RDI

ADI/RDI

ADI/RDI/SDI

ADI/SDI/RDI

ADI/SDI/PDI

ADI/SDI/PDI
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Huge parameter space to explore, a single
machine cannot do it all!

Habitable planets
around nearest M stars

Planet/Star Contrast

Mirror Diameter (m) for Inner Working Angle of 2 A/D at 750 nm
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Friday morning session

“The Next Steps”

2020-2030 horizon

Challenge: diffraction and wavefront control over large,
segmented and/or heavily obscured apertures



In space: JWST

Marshall’s talk on Friday

“Coronagraphy with JWST”

Mode Instrument Wa\{elength Pixel Scale Fle]d of _ aretzom Krist et al. 2007
(microns) (arcsec) View
NIRCam 0.6-2.3 0.032 20 x 20”
NIRCam 24-5.0 0.065 20 x 20”
MIRI 10.65 0.11 24 X 24" L
Coronography
MIRI 11.4 0.11 24 x 24"
HWHM = 0.40” HWHM = 0.64” HWHM = 0.82” HWHM_ = 0.27” HWHM_, = 0.58”
MIRI 15.5 0.11 24 x 24”7 (6MD@2.1um) (6AMD@3.35um) (6AMD@4.3pm) (AMD@21pm) (4MD @ 4.6 um)
MIRI 23 0.11 30 x 30”
. Krist et al. 2007
10°¢ :
23 pm - ;
1‘ 107k = oM, -2M
: 3 10M,
30 x 30 arcsec -
Lyot Mask w0 " i 2M,
% 10 é_ Eﬂovnagrapn(subtracted, t(irreiﬂilikyvﬁitground) j
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4QPM » E 3
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114, ! § 10°L To%
5 um C N
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10.85 um LRS 10
14 um { ']O-8 s I I I [P
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St - g
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Arcsec



Bruce’s talk on Friday

“The Next? Step: The AFTA Coronagraph”

WFIRST - AFTA

Pupil Occulting Lyot ]
mask mask mask qu;zlll( Occulting mask changer Lyot
changer changer changer (magnified for illustration) mask
changer changer
DM1/FSM @ 7
! :
! ! -
1 1 “
; g =
S — . N | e
i : =
DM2 . : :
To LOWFS :
1 1
I I
I I
I I
I I I
I I I
i I I
I I I
! ! !
DM1/FSM : __
B I ': -
' ! !
S — N Uy | S | S
I I
DM2 I I I
1

i ToLOWFS 1

Challenges: pupil geometry, pupil geometry, pupil geometry!
+ optical aberrations, polarization, telescope time/availability

some say it could be our only/best shot
at a space-based coronagraph for the foreseeable future



—XO-C: backup to WFI

RST-AFTA

DM1/FSM

Telescope \\

Mask Lyot  Filter
0 0 Stop[] [J

Other

// i
o
&

Mirror

Detector

Planet/Star Contrast

EXOPLANET DIRECT IMAGING:
.CORONAGRAPH PROBE
MISSION STUDY “Exo-C”

SCIENCE anD TECHNOLOGY DEFINITION TEAM (STDT)
AND THE Exo-C DESIGN TEAM

INTERIM REPORT, MARCH 2014
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Challenges: 1.4-m aperture, budget



Aki’s talk
coming right up!

EXO-Starshade




Zooming In: synergy and complementarity!

Spergel et al 2013, WFIRST-AFTA

Log1o Me
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High contrast imaging with ELIs:
still a lot to be done, invented, combined, optimizeo

E-ELT: building on EPICS studies, Planetary Camera and Spectrograph (PCS) R&D roadmap written by ESO
and made public to European Instituted

TMT: Planet Finder Instrument (PFl) study from 2006 concluded VNC is the optimal way to deal with
segments, not true anymore

GMT: build on LBT experience, PIAA

BUILD A CORONAGRAPH FOR A GIANT
Tfl!scuptngpwgenomtor.nr:t




Rebecca & Seth,
P. Pirron, JR Delorme
POP/POSTER

Synergistic developments

DM Shapes

——
AFTA Pupil 4 :

_ (Rouan, Baudoz,
(Pueyo, Guyon, et al) (Carlotti, Kasdin, Sivaramakrishnan, Mawet, Serabyn, et al)

. Soummer, Mawet, et al)
Remapping Small IWA

(Mazin et al)
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techniques coronagraphs
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(Mawet et al. 2014, submitted)

Post-coronagraphic WFS Post-processing advances Statistical significance



That’s all folks! Have fun out therel!

SPHERE commlssmnlng pics (J. Glrard)



