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Exoplanet Atmospheres with MIRI   

P.-O. Lagage (CEA – Saclay)
On behalf of 

MIRI EC exoplanet working group  
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MIRI is a 50%-50% Europe-US share project 
PI’s G. Wright  (ATC, UK) , G. Rieke (Arizona University)

Opto mechanics + tests
in Europe by a nationally
funded consortium of
European Institutes 

Detector and cryocooler In US (JPL)
Unlike the other JWST instruments, MIRI has to be c ooled to  7K
� Dedicated cryocooler

A 5 to 28 � m imager and spectrometer
(The only JWST instrument in this lll l range)



JWST, ESTEC, 2015JWST, ESTEC, October 2015 
3

Atmosphere structure  
Temperature/pressure profiles in atmospheres.
Origin of high altitude temperature inversions?

To study the atmosphere of exo-planets by itself and test atmospheric 
models, circulation models, climate models in new r egime

Atmosphere dynamics, climate  

From phase curves, 
from ingress, egress precise measurements � « 2D maps » possible;
Variability

Exoplanet Atmosphere studies

Majeau et al. 2014

To contrain internal structure of exoplanets, 
To contrain exoplanet formation and migration

from spectroscopic observations ���� C/O ratio; metallicity …  



JWST, ESTEC, 2015JWST, ESTEC, October 2015 
4

Pinpointing specificities MIRI can bring. 
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MIRI best suited to detect the emission of “cool” objects. 
5 – 27 microns � BB peak emission with T 600 K - 165 K. 
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From Tinetti et al. AAR 2013

Main molecules have bands in the Mid-IR



JWST, ESTEC, 2015JWST, ESTEC, October 2015 
7

Camilla Danielski‘s talk

130nm rms; 2mmdefocus; 3% pupil shift; 0.5° pupil orientation;
jitter 7 mas 1-sig; 5mas REF offset
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Barstow et al. 2015 
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SuperEarth with mineral atmosphere : 
Si0 band at 10 microns

Y. Ito et al ApJ 2015 
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Phase curve of an exoplanet in the habitable zone o f a M star

1 ppm : very « challenging »; systematics, stellar variability 

JWST
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GJ1214b 
Transmission sprectrum : FLAT 
� clouds, Hazes
(L. Kreidberg et al. 2014)

Dust features
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A better transmission spectrum in the mid-IR needed  
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Giant planet

warm Neptune-- ����
mass planet 

sub-Neptune 
mass planet 

small planets 
yet to be discovered 
(K2, TESS)

Which kind of exoplanets to be observed with MIRI ?      
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Transiting exoplanets: Down to super Earth Direct imaged Giant Planets

+ link with brown dwarfs 
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Giant planet

warm Neptune-- ����
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sub-Neptune 
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small planets 
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Transiting exoplanets: Down to super Earth Direct imaged Giant Planets

YOUNG! 
(in the tens of Million years range)

Which kind of exoplanets to be observed with MIRI ?      
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Giant planet

warm Neptune-- ����
mass planet 

sub-Neptune 
mass planet 

small planets 
yet to be discovered 
(K2, TESS)
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Transiting exoplanets: Down to super Earth Direct imaged Giant Planets

Highly irradiated by the star

Which kind of exoplanets to be observed with MIRI ?      

Far from the star 
� Irradiation can be neglected
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For transiting bright planets around bright stars, observing time not limited 
by the S/N needed but by transit time in order to correct from systematics   

Spitzer observations; Left : uncorrected;  
Right: after correction

Another difference: the integration time 

S/N D t

For transit observations limited by star 
photon noise :

S/Ngiven

Ttransit

D      ---------------

TESS will bring the small size warm nearby exoplanets needed for JWST transit 
Observations (especially for MIRI), but will also bring a lot of targets which are 
in fact good targets for smaller Telescopes than JWST.

�

To have a large sample of exoplanet atmosphere (500) 
need a dedicated telescope like the ARIEL ESA mission 
selected for competitive phase A study (PI G. Tinetti)
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Very little in the mid -IR so far !

For transisting planets, spectra of only 2 giant bright exoplanets : 
HD 189733b, HD 209458   (cold Spitzer)

+ photometry of a few dozens of transiting exoplanets 
expecially at 3.6 and 4.8 microns (warm Spitzer)

For direct imaged exoplanet: nothing
(Spitzer not the angular resolution and ground-based lack of sensitivity)!

Not by lack of interest but by lack of facilities
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Telescope size : 85 cm

Amazing relative photometric precision 
(better than 10-4) for an observatory not 

Conceived for exoplanets observations

From Spitzer 

To JWST

S x 50

Telescope size 660 cm

At the same photometric precision
going from photometry (R=2) with SPITZER 

to spectroscopy with JWST
Need enhanced photometric precision  
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From www.stci.edu/jwst/science/sensitivity

Sensibility 
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Observing modes
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Only radial velocity
No direct imaging 

Detection; No transit

When we started MIRI, last century …
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The best coronagraph we can use at that time :
4 quadrant phase mask 

���� inner working angle down to lambda/D (0.3 arcsec)

���� Similar as NIRCAM, at shorter wavelength
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Stellar residuals  
= 0

Airy pattern

pupil mask

	
 ����� lll l ��

On-axis 
object

is cancelled
(for 1 lll l )

Each quadrant is 90°out-of- phase for interfering with the neighbouring one 
���� full attenuation of the central star

4 Quadrant Phase mask

D. Rouan et al. 2000 ,  PASP 112, 1479

focal plan mask
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4 quadrant masks chromatic

���� 3 phase masks with wavelength 
at 10,65, 11,4 and  15,5 mmmmm 

Plus Lyot coronagraph at 23 mmmmm
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Gillian Wright et al.
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From Martyn Wells et al.: The Mid-Infrared Instrument for the James Webb Spac e 
Telescope VI:The Medium Resolution Spectrometer, PASP, in press
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MIRI was not initially optimized for transit observ ation

New mode : slitless observations ; reading only a sub array
���� saturation K magnitude about 5
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SIMULATIONS
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Berlin meeting 2-4 March 2015
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More characterisations of detectors at JPL (Mike Re ssler et al.)

Exoplanet observations are definitely difficult  on e

Delay of JWST used positively!!!

M. Ressler et al. : “The Mid-Infrared Instrument fo r the JWST : VIII The MIRI Focal Plane System, PASP , 2015 in press

Not so easy !

From models, everythink can seem possible and easy.

When you do hardware, you can realize it’s not so easy 
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The most interesting will be the surprises !

I am sure we will have some, expecially with MIRI, 
which is really opening the field

Then we should get our share of the JWST time 
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For more detailed information about MIRI capabiliti es: 

Posters by :

Glasse et al 

Garcia-Marin et al

And 

PASP Volume 127, Issue 953 (2015) available at
http://ircamera.as.arizona.edu/MIRI/index.htm (10 papers)
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Thank you for your attention 


