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\Observatory of interest for a broath commungity:-.- 5 =i ¥e ] ‘Survey dedicated o exoplanets -
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4 sciehtifi'c themes for JWST

Eclipse

Phases

p— Crescent

Transit N. Cowan, EOS 2014

Fu.II”tir‘r'ge (e>.,<c'ept§;hedu‘lihg gaps)'
' dedicated to exoplanets

Birth of stars and + . il Planetary systems and the
proto-planetary systemns * - % _ origin of life . + '

25% dedicated to exoplanets?
From.GTO and ERS this is about right




Telescope size :-
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For transit

S/N depends-on (ﬁléhet,.H)?"D*(Fst‘a'r*'tobs)4/2 3

tobs Ntran5|t ttran5|t

—)hlgherS/N o Ly Lai

High S/N‘can be very good», for example r'noriite:rin,g egress i.ngress

+
thh S/N needed to retrieve molecular content ?

+

Retrleval S|mulat|ons typically 7 (UCL group) .

: o + r : . o
s it p055|ble to have such a S/N W|th 1 teltescope ?_
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Yes : see Spitzer cold have shown it = The key: going to bright stars




ARIEL HAS BEEN OPTIMIZED GIVEN THE
INFORMATION CONTENT TO RETRIEVE

log(CHy)

WFC3

JWST

Ariel 0.9 m better than HST 2.5 m
better o have large wavelength

coverage than high S/N
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Ariel 0.9 m as good as JWST 6.5 m

for such sources
JWST ‘overkilling‘ the S/N in this case

S/N depends on f(planet, H)*D*(Fe o tops) /2

longer the wavelenth is in the IR, lower the S/N is

Longer wavelengths more for JWST



Telescope size :-
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For Ecllpse and the detectlon of planet emjssion

S/N depends on f(planet(r T d))*D*tobs)lf2 / (Fstar)

8

.tobs = N:transit ttransit ;
S hjghér S/N
. V. AA .. 8 : ‘.'. : . 57 s . . . :j .‘ i . * » 5 + ‘
~ Higher S/N means detecting smaller planets or at a lower temperature
f . + : 4 ' : P v . o >




" MIRI European
\_ Trappist 1 b JWST MIRI GO observations Consortium

Imaging
Search for thermal emission of Trappist b

(400 K; ~ Earth size) by combining 5 eclipses (25 hours)

with the 12.80 um filter
S/B of 5 expected
Paving the way to higher number of eclipses
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I Trappist-1 system

Program P.O. Lagage et al., in collaboration with

Guillon et al. 2017, Nature Lo . .
T. Greene similar observations at 15 microns (CO2 feature)

Not feasible with ARIEL

Better target than Trappist 1b ? Probably not

For eclipse, we want the star temperature as low as possible ; TRAPPIST

2550 K = peak in the IR = Not TESS but Ground-based such as Speculos;
Finding at a distance less than 12 pc (Trappist) would be very valuable? But
South hemisphere observations already done. North hemisphere !
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‘Overheads

| -

: Large Overheads

- . *

- Overheads minimized

'v"SIew:'30minutes - D s *+ =

“Precise t'iming of'the observations >1 hour tax

+Observatory overheads 16% of the tlme

+

Next APT ver5|on probably an increase of overheads
* & + : &+ H P e : ’ : ;
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| - Type of fF\'Sfrumentation

ISIM with Flight Instruments
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. 2014/2015 i’light Instrument Cryo-Optical Testing
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“JWST.Instrumentation

Standard Imaging
Coronography Coronography
1 m m

- NIRCan

Uttra Sensitive and High Aperture Masking Interferometry

Resolution Imaging
Integrated Field Unit

Single Slit

Multi-Object

NIRCam I M

|
Slitless Slitless MIR IFU Spectroscopy
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Adapted from STScl , i
-Complex mstruments numerous observing modes
. Modes.added for exoplanets observations (for example shtless LRS for MIRI)

- Allowing the possibility to'observle bright stars -
At least 2 transits to cover the full wavelength 3-for bright stars usmg high spectral resolutlon

' To avoid saturation’




—~ BB peak emission with T :
MIRI best suited to defeciithe’emission of “cool” objects.
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Black-body spectrum

10000 K

Spectral radiance, W/(m? um sr)
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Froim Tinetti et al. 2013
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-~ Beyond 7.8 microns : strong

+ i N -

NH3 line’

Molecule 2 A (Smax) A (Smax) \'”"\
5-16 um

2-5um > 5-16 um em~2am™!

H,O
HDO
CHy 331 (v3)
CH3D 7 454 (»)
2 90 (v3)
3.00 (vy)
4.30 (vy.13) 52 8.94 (vg)
10.08 (1)
:r{e;r‘)sm | 3 : 4.67 (1-0)

GJ50Mb ) 4.25 (vy) 14.99 (1»)
GJ50Mb_3 1 x m

GuPikb i Z 3.02 (v3) 14.04 (19)
HD9086L .
HRE[99b »Hy %, 3.03 (v3) - 13.7 (vs)
HR8[99¢ | 3

HR8[99d < 3.3: 538 23 12.16 (132)
HR8]99¢ 1

PSOJB18.5338-22.8603 | 1160

ROX§428b -
VHS}256-1257b | . 8 S atures and constraints on the spectral resolving power. Av is the spectral
06-6618b

interval between two adjacent J-components of a band. Syax is the intensity of the strongest band available
in the spectral interval. R is the spectral resolving power required to separate two adjacent J-components
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A. silicate 0.038 0.032um 1.64
MgSiO, 0.004 0.100um 2.40
Na,S 0.004 0.100um 2.37

0.154- HD 189733b
E (Lee+2014)
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Beyond 7.8 microns

SuperEarth with mineral atmosphere : Si0 band at 10 um
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Figure 10. The secondary eclipse depths theoretically predicted
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T'anclusions |
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JWST will be an excellent preparatlon to ARIEL to many respects o
. Science, Data reduction (see e.g’ taIk by Jeroen, see poster by . Glouseppe))

Retneval I\/Iodellsatlon ' * S > : f

+ _, (ARIEI-_ is erxibIe enough to take into account those evolutions)

. It is a NASA léd mission W|th part|C|pat|on of ESA and CSA s
o W|th a mlnlmum of 15% of time o SC|ent|st from ESA countrres (srmllar to HST)

; -'Open time cycle 1 callimminent (One step process not two as for HﬂSfl?proposaIs)
| encourage you to answer ; complex Instrumentat|on -) Early Release Suence

“ESA master class

From cycIe 2 on, there W|II probably be Iegacy program
+ With our US coIIeagues on board ofARIEL we can th|nk of what wo.uld be the b

for ARIEL preparation

. B + 4 ‘ . y
Exutmg perspectlve to have both JWST and ARIEL in operatlon durlng the 2029 - 2031 :

Ariel TIER 1 -9 good targe#ﬁ to be observed W|th JWST espeC|aIIy with MIRI -




