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Comparative Studies: Stars & Brown Dwarfs

Spectral Sequence Color-Magnitude Diagrams
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Comparative Studies: Hot Jupiters

Lots of NIR data

Puzzling variety

Large, Muted & Absent H,O

Madhusudhan et al. (2014)

Deming et al. (201 3)
McCullough et al. (2014)
Oberg (201 1)
Stevenson et al. (2014)
Sing et al. (2015)
Wakeford et al. (2013)
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Hot Jupiter Atmospheric Survey
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5 years and several PhDs later
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Comparative Studies: exoplanet spectral sequence

Clear Skies

HST+Spitzer
|0 exoplanets
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Comparative Exoplanetology: transmission metrics

sl Spectral Indices
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Sing et al. (2016, Nature) arXiv:1512.04341
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Comparative Exoplanetology: transmission metrics

Spectral Indices
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Comparative Exoplanetology: transmission metrics

high C/O ratios? super-solar metallicities?

WASP-170

N [ HaT-pan

oy .
2 )

~ e
s @

b/ °

= =

a a
= =

© )

Q. Q
- X

£ :

> -

-

RS
LY t
+ . ,

C/O "“.“ $0.001 HAT-P-120 N\ |

“ .\!\ “‘
w d 3.

2 -1 0 1 2 3 4 5
Blue-optical to mid-IR altitude difference (AZ 4 ,/H,.)

near-IR to mid-IR altitude difference (AZ,,,/H,.)

Sing et al. (2016) with Additional Models. log[M]=-6 to 4
Positive AZ j_1.m
H,O amplitude > 40% Positive 24uB-Lu

also see: Benneke (2015, arXiv)

Line & Parmentier (2015, arXiv)
Kopparla et al. (2015, arXiv)
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So why are exoplanet clouds stochastic?

Parallel T-P & Condensation Curves

David K. Sing



JWST IS COMING... SOON

All 4 Cameras Can Observe Transits
Diverse Exoplanet science: Direct Imaging, Disks...

HST: 3400 Orbits/year => 2720 Hours/year observing
JWST: at L2 => 6000 Hours /year on-target integration

Demand: HST doubled in 5yrs. 15%

JWST should be 15 - 20% ~200/1300 ‘good’ targets
~100 transits/year



JWST Complex Instruments
>40 imaging filters
8 spectroscopic modes
(multi-object, IFU, wide field grism, single object)
multiple coronagraphs
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JWST Transiting Exoplanets

Hot Jupiter RS1OO
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JWST Science Planning Timeline
(schedule as of January 2015)

commissioning

GO CP
2017Nov GO Cy1 : (through 4/19)
deadline :
2018Feb : >
: —>
‘Cycle 1 sciehce -
: April 2019
‘GTO & GO
VvV V -
2016 2017 - 2019 2020 2021
A
Cycle 2

September - CP release

launch
20180ct

NO TESS for Cycle 1
Very little TESS for Cy2
NEED WASP+NGTS+K2!!!
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Conclusions
Comparatlve Planetology Exoplanets are very DIVERSE
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Clouds & Haze Common NOT Unlversal
" No Primordial Water Depletion

PREPARE FOR JWST
Metrics to Classify Cloudiness

~40/200 clear, know ~3
David K. Sing



