Exoplanet science with
HARMONI at the E-ELT

Matthias Tecza
Niranjan Thatte, Fraser Clarke

The HARMONI consortium
Oxford, UKATC, Lyon, CSIC, IAC

.

) 58 § .
ﬁa} UNIVERSITY OF SR
S(CE)E A
B A Yb 7
%2 OXFORD & A
o
g 2 N1
Technology Facilities Cou \




Overview of HARMONI

 Proposed first light general purpose
Integral Field Spectrograph for E-ELT

— Work horse instrument with wide appeal

— Early ‘highlight’ science on key objects/
projects

e V-K(0.47-2.45um) spectral coverage
e R=4000, 10000, 20000 resolutions
e 40, 20, 10 & 4mas pixel scales

e 256 x 128 pixel field of view
= 32,000 spectra

e General use with GLAO and LTAO

e Possibility to include SCAO mode for
bright on-axis targets.
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HARMONI
Optical layout
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HARMONI
Mechanical layout

e 4.2m diameter cryostat
e =]10tonne mass
e Sitting on Naysmyth platform — optical

derotator
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What can HARMONI do?

e Workhorse instrument for the E-ELT at first light
 Wide range of prominent science cases

Planetary science

Circumstellar disks

Exoplanets

Star forming regions

Stellar populations, IMF & Galactic archaeology

Black Holes and Galaxy Cores
GRBs
High redshift galaxies & IGM
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HST/ACS at 2=0 04 (160Mpc) ELT/LTAO/HARMONI at 2=2*

wavelength (um) : 30 arcsec @ 50mas o 3 arcsec @ 5 mas



Overview of HARMONI

* Proposed first light general purpose Integral Field
Spectrograph for E-ELT

e V-K(0.47-2.45um) spectral coverage

e R =4000, 10000, 20000 spectroscopy resolutions
e 40, 20, 10 & 4mas pixel scales

e 256 x 128 pixel field of view

 General use with GLAO and LTAO

e Possibility to include SCAO mode for bright on-
axis targets.
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Overview of HARMONI

first light
E-ELT

spectroscopy
4mas

SCAO




Spectral deconvolution — AB Dor C

Airy pattern Airy & speckle e SINFONI observation of AB Dor C
TR pattern removed — Known low mass companion

' —0.2” separation from AB Dor A
— 5 Magnitudes fainter

JJ * “mid-strehl” AO — 60%
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HARMONI Exo-Planet Science

e Even without extreme-AO, HARMONI on the E-ELT opens a
new area for exoplanet research.

e SCAO using M4 of telescope — equivalent to (or slightly
better) than current NGS.
— N42 vs. \/8
— E-ELT’s small inner working angle is key

e Simple Lyot Coronagraph can be implemented with no
impact on instrument design

HARMONI + SCAO + spectral deconvolution provides a
versatile tool for exoplanet characterisation
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Simulated HARMONI SD performance

e Preliminary simulations of HARMONI+Coronagraph by Szymon
Gladysz (ESO)

e H+K coverage. 70% K Strehl

e Simple Lyot coronograph
— (50mas spot == 7.5A/d)
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Detectability @ 5




Contrasts in the real world

o) \.\' | * HARMONI contrast lies
e v | between SPHERE(/GPI) and
a8 Tt YA T T EPICS
\ e \\ ' .
P, 8 S : * Very well suited to more

detailed study of SPHERE/
GPI discoveries

— R=1000 vs R=100

— Characterisation

10mas
28.57
27.10 27.32
R+10000 26.35 26.72

EPICS HARMONI A D-Sigma sensitivities for
pmgm Equivalent to 2Mjup planet at 1Gyr (isolated) point sources in 5
™ i in Baraffe 2003 madels (10pc) hours
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The problem of field

HR 8799 Planetary System  HARMON!I diffraction
(Sept. 2008)

limited field only 1”x0.5”

—Couldn’t observe
HR8799Db,c,d!!

* Need closer systems!!
—HR8799e would be good!

0.5 orcsec
20 AU
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High spectral resolution

* As well as spatial resolution, HARMONI offers
spectroscopy up to R=20,000

— Transit spectroscopy of exoplanets

e Use IFS to spread light out over many pixels (without
losing throughput or spectral resolution)

— Excellent “bad-seeing” programme!




Summary

e HARMONI will offer “mid-contrast” IFS spectroscopy
early on in E-ELT timescale

e Capability to study “warm” Jupiters discovered by 8m
class planet hunters (SPHERE/GPI)

— R=500 spectroscopy feasible, giving access to gravity/
metalicity features

* High resolution (R=20,000) spectroscopy offers
opportunities for transmission spectroscopy
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