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Outline

> Sclence goals
> Instrument concept (brief)

» Sclence Output prediction
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EPICS phase-A study

> E-ELT phase-B will conclude in 2010 with an
Instrumentation plan suitable to cover the higlpesirity
scientific objectives (which include Exoplanets)

> EPICS phase-A (feasibility) study is one of thesElE
Instrument studies and has been kicked off in Get@B07

> EPICS phase-A study goals: requirements to the E-#iid
the associated site, feasible instrument concelanisfic
capabilities, cost, FTE effort, construction scHedu

> EPICS phase-A is partially funded by ESO and the
European Framework Programme 7 (FP7).
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Exoplanet2008

> ~ 300 Exoplanets detected, >80% by radial velocities, mostly gas
giants, a dozen Neptunes and a handful of Super-Earths
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(Some) open Issues

> Planet formation (core accretion vs gravitational
disk instability)

> Planet evolution (accretion shock vs spherical
contraction, “hot start”)

» Orbit architecture (Where do planets form?, role
migration and scattering)

> Abundance of low-mass and rocky planets
> Glant planet atmospheres
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s Object Class 1 i

-+

Young self-luminous planets .
In star forming regions or young associations

Cluster Lupus Taur.us- Oph Eta Cha Cha S Sco Cen | TW Hya
Auriga Sco
Age (Myr) 1 2 2 4-7 1-10 1-10 1-25 10
D’T,Lac’)’ce 150 140 125 100 140 145 130 60
Separation
S”g’;ﬂ”‘e 0.016 | 0.017 0.019 0.024 0.017 0.017 0.018 0.040
(arcsec)
1(G2V) 9.9 9.7 95 9.0 9.7 9.8 9.6 7.9

Requirements:.
Moderate contrast ~30

High spatial resolution of ~30 mas (3 AU snow line for solar type st:

100 pc)

Host stars red and relatively faint: XAO constraint
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: : +ES+
Object Class 1 science ]%9

Planet Formation

Gravitational instability faster tharcor e accretion = Frequency of
planets at very young ages will help to differentiate formation mode

Spherically contraction brighter tharsimplified core accr etion
= Brightness vs dynamical mass known from RV (e.g. with CODEX

the EELT) to differentiate.
RV challenging for young stars (cf. TW Hydrae), but ok to deteenamplitude of known orbit

Young planets are subject to
migration

= Orbital evolution indicates
migration efficiency

107
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Object Class 2

Nearby (< 20 pc) Stars
~500 stars from Paranal + 30 deg, ~60-70% M-dwarfs

Detection of gas giants at orbital distances > tb A
and low-mass planets down to the Super-Earth domai

Requirements
Small inner working angle:
e.g. GI 581 d (~8M\) with contrast 18 at 40 mas

High contrasts:
Jupiter at 10pc: ~10at 500 mas

JENAM 08, Vienna, 8 September 2008




Frequency and mass distribution of
giant planets at old ages

Abundance of low-mass and rocky
planets

basic parameter for models of planet
formation.
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s Object Class 3 i

-+

Known Planets
discovered by RV, direct imaging (SPHERE, GPI) or astrometric
methods (GAIA, PRIMA)

From ESO/ESA WG report
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Test planet evolution models
Compare modeled spectrum to measurement for objects with kno
physical parameters (current issue in BD science)

Dynamic masses from orbit

Age and metallicity constraing
by star

[mdy]

Understand planet atmospheres
Chemical composition
Effects of clouds

log,, I, at 10 pc

Class III EGP

T,, ~ 500 K

Sudarsky et al.4 2003, (merons]
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Concept
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Massive and young planets or planets in close orbits are warm a
efficiently be observed in the MIR (4|:Em)

Pb: ~4x lower spatial resolutic
and high sky background

Object class 1: too low
spatial resolutior]

Object class 3: too low
spatial resolution or too
low sensitivity[]

Magnitude

Object class 2 ok, but not
at the requested >5 AB

= EPICS in NIR, complemented
by METISInMIR

Wavelength (um)
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. S
Top Level Reguirements o
+

6. a) Contrast requirements Y-H band (10h telescope time, reference seeing conditions, 5c
detection):

Brightness ratio 100 300 Limiting stellar
at distance: [mas] Magnitude |
band:
Science Case 1 10® 10" 10" 9 (goal: 10)
Science Case 2 2107 (goal 10°) | 107 (goal 4 10™) 7 (goal: 8)
Science Case 3 | 107 10~ 10 7 (goal: 8)
Science Case 4 | 2107 (goal 107™) | 107 (goal 4 107™) | 5107 (goal 2 107™) | 5 (goal: 6)

b) Contrast requirements | band (10h telescope time, reference seeing conditions, 5o
detection, for differential signal contrast (ly(planet)-l.(planet) )/(ly(star)+l-(star) ) where I,
and |, are fluxes in two spectral bands (onfoff CHs; absorption) or I(parallel) and
l(perpendicular) for polarimetry]:

Brightness ratio 30 100 300 Limiting stellar
at distance: [mas] Magnitude |
band:
Science Case 2 2107 (goal 10°) | 107 (goal 4 10™) 7 (goal: 8)
Science Case 4 | 2 107 (goal 10°) | 107 (goal 4 10™) |5 10 (goal 2 10°™) | 5 (goal: 6)
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y . . S+
@6 Concept: Achieve very high contrast %

+
+

Highest contrast observations Diff. Pol.
require multiple correction bl ‘
stages to correct for coronagraph

1. Atmospheric turbulence A

2. Diffraction Pattern

3. Quasi-static instrumental nfrared
aberrations coronagrap

XAO, S~90% Coronagraph + static Speckle Calibration,
aberration correction Differential Methods

-> > g
A

Contrast ~ 10 3-10% Contrast ~ 10 6-107 Contrast ~ 10 -°
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Eﬁ G XAO

Main parameters Features

>

Pyramid wavefront sensor » Turbulent speckle halo $E10°

Sensing wavlength: 900 nm > Servo-lag is dominant error
Framerate: 3 kHz > Smaller actuator spacing ineffective

Actuator spacing: 0.2-m -> 200x2( T
Case for a |=5, G2 star
= 1600-nm
M4 + Tweeter DM i, S
SERVO-
LAG

PHOTON
NOISE (PYR)

ANISOPLANICITY

ALINAING " . CHROMATIC
(PYR) 'SEEING

S, = 90%, 0.5” seeing, 8-m
aperture (Esposito et al., Aller- ®

Carpentier et al., SPIE08)
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Coronagraphy

> Diffraction residuals have similar effects as gtsatic aberrations

> Global study (Martinez et al. in prep) consideriiadpility to real-life effects sugges
APLC (possibly multi-stage) as baseline

> Complementary concepts (Dual-zone, multi-stage 4Q&prototyped in the
frame of FP7. Initial results encouraging (MS-4QPM:-4at 5\/D for 20%
bandwidth, Baudoz et al. SPIE 7015, 20( g

10°F o ' T E

PSF :
APLC (overoge) —---—-- |
APLC (clear areg) =- - - - |

Center rejection =386
Peak rejection = 386
Total rejection = 296

Normalized Intensity

’ Stop = VLT-like
£ Pup Input = 3mm [VLT_”"EJ\\ =
A = 1.64 micron R = 70

radial distonce [A/D]
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. o ES+
Correction of quasi-static WFE ¥ 0

> Need to measure static aberrations at level ofram@ph
with some nm rms at science wavelength

> Correction by XAO DM or dedicated DM. DM “cleanssit
control area from speckles (rejection better th@f) 1

Standard WFE specs

ok for most optics

Measurement device
to be demonstrated
= FP7 funded exp.
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. o LES+
Data reduction, speckle calibration ¥ 0

Getting from systematic PSF residuals 1@ ") to 108-10°
> Spectral Devonvolution (Sparks&Ford, Thatte et al.)

» Multi-band spectral or polarlmetrlc
differential imaging for S
smallest separation

> Angular Differential Imaging
(ADI)

» Coherence based methods
(speckles interfere with Airy
Pattern, a planet does not)
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Detection rates, MC simulation
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M C simulations
> planet population with orbit and mass

L} L]
oration

EO: distribution from e.g. Mordasini (2007)
§F > Model planet brightness (self-luminous,

In reflection, albedo, orbital position,...)
> Maitch statistics with RV results

- L] Illl- E‘Irap

‘(g‘ontrcst for type AD Mag O star, guide star =4, 7/, 8 COntraSt mOdEI
107°F — — ]

> Analytical AO model incl.
realistic error budget

> Actual wavelength range and
throughput estimate, 4h obs

> Data analysis considered

_ il > ldealized Coro + statics cotr.
10°" S S 8 September 2008




Objects, Class 3 (knoewn planets) ¥ 0

o, 0 g® ® %,

° 0.' =
L Rl

‘.' o

Py
©
c
O
m
—
g
a4
0
O
.
e
c
O
Q
L -
o
&
n
~
i,
O
c
O
[oN

® Warm Jupiters
® Cold Jupiters
® Neptunes

® Super Earths

© Earths EPICS spatial resolution (goal)
! I 1 | Ll :

0.01 0.10
projected separation (arcsec)

About 100 currently known targets are readily observable with EPICS, and many
mor e ar e expected to be discovered by e.g. GAIA or SPHERE
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Detection rates, nearby+young stars 0
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Mordasini et al. 2007

O Cold Jupiters
O Neptunes

0.01

Projected separation (arcsec)

0.10 1.00
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: . . + +S+
Predicted detections with EPICS ]%9

ROCKY,
PIENELS

A Dozen
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Summary

> EPICS is the NIR E-ELT instrument for Exoplanet
research using a “standard” high contrast imaging
approach.

> Phase-A to study concept, demonstrate feasibnity b
prototyping, provide feedback to E-ELT and come up
with a development plan

» Conclusion of Phase-A in 2010 with E-ELT phase B

> Potential to exploit the E-ELT capabilities in orde
greatly advance and provide unigue contribution to
Exoplanet research
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EPICS organigram

Science Management [ Prime Investigator Co-Prime Investigator
R. Gralton (OAPD) M. Kasper (ESO) J.L. Beuzit (LAOG)
Deputy: F. Kerber (ESO) Deputy: N. Hubin {(ES0O)

System Design and Analysis
System Scientists:
C. Vérinaud (LAOG):. EPICS system
N. Yaitskova (ESQO): E-ELT oplics

Wave-Front Control Coronagraphy
C. Verinaud (LAOG) M. Yailskova (ESO)
Deputy: M. Kasper (ESO) Deputy: A. Bocalelti (LESIA)

Integral Field Spectroscopy Polarimetry Self-Coherent Camera
M. Thatte (Oxford Univ.) H.M. Schmid (ETHZ) P. Baudoz (LESIA)
Deputy: R. Gratton (QAPD) Deputy: R. Roelfsema (ASTRON) Deputy: C. Vérinaud (LAOG)
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Error source

Seg. Piston and tip-tilt
Seg. Mis-figure

EELT 5 mirrors HF
XAOQO static in band

Reflectivity dispersion

SD test, no photon noise

Nominal values
90-nm rms
30-nm rms
sgrt(5) *20 nm rms
5-nm rmsqfphase meas.)
1% rms

JENAM 08, Vienna, 8 Sepl
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EPICS concept

DEFORMABLE MIRROR

=

% Non common path —
aberrations POST-CORONOGRAPHIC
Y

Adaptive
ELT beam

INSTRUMENTS

CORONOGRAPH

= ::Epfiunui‘ 2nd

stage cnrrzy
e o _,
| r_l@q_nde J.H
I WFs ,'

WFs

PYRAMID WFS

2nd STAGE FOR STATIC

ABERRATIONS CORRECTION

Differential
techniques

> “Traditional” concept
> Active control of quasi-static aberrations with FPWS
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Focal Plane Wavefront Sensor +EQ_)

> Measure quasi-static WFE at scientific wavelength

> Expected to measure WFE at a precision of somenmsn r
» Correct with either WFS offsets otf¢DM

» Residual 29 order speckle level of <10

Prototype at LAOG supported by FP7
See Verinaud et al. in about one hour

Monomode
reference
addition

Field splitting




Integral field spectrograph

Yes of course, but which type?

Analysis and experiments in the
frame of FP7 to study lenslet and
slicer based IFS aspects:

* Liability to IFS optics WFE
 Cross-talk

« Sampling and detector usage

EPICS concept may finally involve both types covering different FoV
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synchronization
(kHz)
polarizer

LN
N n

modulator Demodulating
CCD detector

pixels
No flat field issues
No chromatic effect

differential aberration only from modulator and gb$y birefringent components,
calibrated to some extent by HWP and ADI

Simultaneous detection with IFS tremendously reddiaise-alarm probability
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: . . . . ES+
EE;(S Differential aberration requirements "0

+

> A priori differential speckles are not compensdigdM and not calibrated by da
reduction= stringent WFE requirements for optics

> Differential speckles connect to features of trsedweal coronagraphic PSF and ar
proportional to those in intensity

> The dominant such feature is usually the corondmcdpSF core (typical level &)
= sub nm differential WFE required to reach 10

LIS Even better FLC modulator for prototyping

m and test on HOT in frame of FP7.

D Broadband antireflection coating
Active liquid crystal layer

Glass substrat (fused silica)

LC alignment layer Transparent—conductive layer (ITO)

Fixed—thickness spacer Glass substrat (fused silica)

Broadband antireflection coating
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