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Transits, eclipses..
High-contrast
imaging

Exoplanet atmosphere observing techniques

WFC3@HST (Deming et al. 2013)
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Planet characterization with 
High-Dispersion Spectroscopy

“Perryman-Diagram”
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• At R=100,000 molecular bands are resolved in tens of individual lines

• Strong doppler effects due orbital motion of the planet (up to >150 km/s).

• Moving planet lines are distinguished from stationary telluric + stellar lines

Toy model
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Transmission spectroscopy of CO at 2.3 um
Of HD209458b (Snellen et al. 2010)

Emission spectroscopy of CO of tau Bootis
(Brogi et al. 2012) 
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Model line shapes for fast rotating stars

Snellen et al. 2004
Di Gloria et al. 2015
Borsa et al. 2019



FeiYan & Henning 2018    - Halpha in Kelt-9b



Sparks & Ford 2002
Riaud & Schneider 2007
Snellen et al. 2015





Quasi-static speckle

Planet
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8”

Raw contrast = 250Hoeijmakers et al. 2018



0.
8”

1700 K BT-Settl

Raw contrast = 250
Final contrast = 100,000Hoeijmakers et al. 2018



Schwarz et al. 2015
TiO in emission in WASP-33 (Nugroho et al. 2017)
Direct proof of thermal inversion

As function of orbital Phase à morning, afternoon, evening, and nightside spectra!



Fe Fe+ Ti Ti+



Na & Ca+ tails of planet Mercury 55 Cnc e: Ca+?? [Ridden-Harper et al. 2016]
Ridden-Harper – PhD thesis



Nortmann et al. Science, 2018
CARMENES spectrograph – WASP-69b

Also: Oklopcic & Hirata 2018; Spake et al. 
2018; Salz et al. 2018; Allart et al. 2018; 2019) 

Alonso Floriano et al. 2019



Kreidberg et al. 2014

Molliere & Snellen 2018:

- 13C/12C is easy, and should soon be doable (but not so interesting?)
- HDO/H2O is very interesting and maybe in reach of 10m class telescopes
- D/H  (HDO, CH3D) is great for METIS@ELT.  Even D/H for Proxima b







Proxima b:   Fp/F*~ 2 x 10-7 at 2λ/D @ 0.75 μm

- SPHERE XAO upgrade
- vAPP coronagraphy
- ESPRESSO IFU mode
- ESPRESSO fiber injection upgrade

Reflected light in 30 nights
O2 in 60 nights 

[Lovis et al. 2017]

Technology development

• CRIRES+  (Vigan+)

• SCExAO + IRD (Subaru JP)

• MagAO-X + RHEA (Magellan USA)

• Keck Planet Imager + Characterizer 



ELT: First-light instrument METIS will have a R=100,000 IFU (L & M)

HIRES will be the HDS instrument in the optical/NIR

Atmospheric characterization of temperate rocky planets around nearby M-
dwarfs,  including possible biomarker gases
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Meadows et al. 2018

Biosignature: an effect of biological activity on its environment,
detectable at interstellar distances

Requirements: Surface ocean? geological activity? magnetic field?
Life detection will always require understanding of       

evolutionary and geophysical context of a planet



Solutions

1. Large High-Contrast-Imaging Telescope [LUVOIR/HabEx/ESA-
alone]

2. IR Space Interferometer (talk: Sasha Quanz)
3. Potential others: starshade + ground-based telescopes [wp: Janson]

ESA should be able to make an educated decision in 10 yrs

Start a European development program for technology validation 

now





Habitable Exoplanet Observatory

4m Telescope + External Occulter
Large UV/Optical/IR Telescope - LUVOIR

8m & 16m aperture

Planet yield:
[10 – 55]  & [20 – 110] Earth Analogs

General-purpose observatory 
4-30 EA





ESA should be able to make an educated decision in 10 yrs

Start a European development program for technology validation 

now







Reflected light HabEx (4m) 3m ESA 2m ESA

Jupiters 25 10 3

Neptunes 40 15 5

Super-Earths 100 40 12

Rocky planets 100 (10) 40 (4) 12 (1)


