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The exoplanet zoo today



The red dwarf advantage



RECONS : list of nearest stars
+ a few more
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The 5 pc sample 
by transits

Chance of one transiting : ~75%
Expected number ~1.2

1 Earth-size planet in the HZ of the star

~Nearest 
transiting Earth



The 5 pc sample 
by transits

Chance of one transiting : ~75%
Expected number : 1.1 & 1.3

1 Earth-size planet in the HZ of the star

~Nearest 
transiting Earth

M. Gillon et al,
TRAPPIST-1 @11pc

Charbonneau et al. CfA
LHS 1140b @11pc
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by Doppler

1 Earth-sized planet in the HZ of the star

One epoch precision of 1 m/s
S/N > 5
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The 5 pc sample 
by Doppler

Easy ones : less than 1 year
37 systems (~60%)

1 Earth-size planet in the HZ of the star



The 5 pc sample 
by Doppler

Easy ones : less than 1 year
37 systems (~60%)

1 Earth-size planet in the HZ of the star

CARMENES, HARPS, HARPS-N, 
SUBARU/NIRPS, …



The 5 pc sample 
by Imaging

Transits (if any)
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The 5 pc sample in 
millimetric/radio?

𝐶𝐶 =
𝑇𝑇𝑝𝑝
𝑇𝑇∗
𝑅𝑅𝑝𝑝2

𝑅𝑅∗2
5 × 10−6 1 × 10−3

+ non-thermal processes…?



The 5 pc sample in 
millimetric/radio?

Epsilon Eridani, Chavez et al. 2016 
w/LMT

Proxima Cen, 
Anglada et al. 2018 w/ALMA



The 5 pc sample 
by Astrometry

1 Earth-size planet in the HZ of the star

Ground Infrastructure required
Large aperture with adaptive optics in optical, 

NIR or thermal IR

Perryman et al. 2014 ApJ

Expected yields 
1000 – few tens of thousands 

We have an basic idea of the 
occurrence rates, -> #detections 
strongly depends on Gaia 
performance



The 5 pc sample 
by Astrometry

1 Earth-size planet in the HZ of the star

Ground Infrastructure required
RV spectrometer (CARMENES, HARPS, etc.)

Snellen & Brown 
Nat. 2018
HIPPARCOS + Gaia 
DR2 joint fit

Epsilon Indi
RV + HIP + Gaia DR2
Feng et al. 2019, ApJ



The 5 pc sample 
by Astrometry

1 Earth-size planet in the HZ of the star

• Precision not achievable for terrestrials : with Gaia or Ground
• Gaia : distances to all exoplanet hosts. DR2 ok, but more precision 

need for distant targets (Kepler, PLATO)
• Link exoplanet to galactic pop. : Thick disk, thin disk, halo, etc. 
• Gaia : Gas giant population statistics within 50-100pc
• Gaia + ground : possible direct detection and/or associated 

structures : optical/NIR, thermal IR, submm/radio

Ground Infrastructure required
Large aperture with adaptive optics in optical, 

NIR or thermal IR



Characterization



Reflection Emission Transmission

How to learn more?

Transit & phase spectroscopy in lowres
Transit & phase spectroscopy in hires

High contrast imaging
High contrast imaging + lowres
High contrast imaging + hires



Transit spectroscopy

Transmission
(transit)

Emission
(eclipses)

How to learn more?



Transit spectroscopy

Tinnetti et al. 2010 ApJ
XO-1 

How to learn more?

Ground Infrastructure required
Simultaneous follow-up small telescopes (photometry)

High precision low-res spectrometry feasible? (GTC)



Transit & phase hires spectroscopy

How to learn more?

He i λ 10830 Å in the transmission spectrum of HD 209458 b
Alonso-Floriano et al. A&A 2019
w/ CARMENES

~1 micron
(Y band)

Ground Infrastructure required
High precision high-res spectrometry in moderate/large telescope



Transit & phase hires spectroscopy

How to learn more?

Brogi et al. 2016, ApJ

HD 189733 – during transit

Reflection
Transmission

(transit)
Emission

(eclipses)

Ground Infrastructure required
High precision high-res spectrometry in 

moderate/large telescope



How to learn more?

High contrast imaging

Adaptive optics



How to learn more?

Emission Reflected

Ground Infrastructure required
Adaptive optics in moderate sized telescope coupled with 

coronograph

High contrast imaging
Adaptive optics

Coronograph



How to learn more?

Enough for young gas giants
…not enough for terrestrial planets

Emission Reflected

Ground Infrastructure required
Adaptive optics coupled with coronograph and low res spec

High contrast imaging+low res

NACO @ VLT, press release image ESO
Spatially resolved spectroscopy of the exoplanet HR 
8799 c”, by M. Janson et al. 2010 ApJL



How to learn more?

Emission Reflected

High contrast imaging with
high resolution spectrometer

Snellen et al. 2014, Nature
CRIRES, CO bands at 2.3 microns



How to learn more?

Emission Reflected

Direct imaging with adaptive optics, 
a coronograph, 

and a high resolution spectrometer array

Ground Infrastructure required
Adaptive optics coupled to highres spec & tech testbeds to E-ELT instrument



How to learn more?

IAC, ICE/IEEC, CAB
(E. Palle, G. Anglada-Escude, I. Ribas, M. Zapatero-
Osorio & more)

Immediate
• terrestrial planets around cool 

stars (TRAPPIST 1, Proxima b…)
• TESS follow-up of faint targets

Technology demonstration : 
• Hires coupling to AO system in 

optical red/nIR

At the same time… 
• Inexpensive echelle units

NEREA a high resolution 
spectrometer for the GTC. 

LoI submitted
Paper SPIE in prep

Clark Baker, 
QMUL

QMUL prototype
Other groups working on it



Ground-based

Space

JWST 
6.5m, NASA/ESA

HST 
2.5m class 
NASA/ESA

Kepler 
NASA, 1m

TESS 
10x20 cm, NASA)

CHEOPS 
(30cm, ESA)

Doppler spec.
2m class telescopes
HARPS (ESO)
CARMENES
HARPS-N
APF, PFS

Networks
10cm-1.5m telescopes
NGTS, Mearth, 
SPECULOOS, QATAR

Microlensing
0.5m class telescopes
OGLE, LCOGT

Direct imaging
10m class telescopes
SPHERE/ESO
GPI/Gemini
GTCAO?

NOW 2030

SPITZER 
1m, infrared, NASA

Gaia
1m, astrometry, 
ESA

PLATO
ESA, 50x10 cm

ARIEL
ESA, 1m, spectra

2020

Transit hires 
10m class telescopes
ESPRESSO, CRIRES+, 
Subaru, Others,
GTC/OPTICAL & 
NEREA

Transit hires 
2m class telescopes
HARPS/N,

CARMENES, TNG
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6.5m, NASA/ESA

HST 
2.5m class 
NASA/ESA

Kepler 
NASA, 1m

TESS 
10x20 cm, NASA)

CHEOPS 
(30cm, ESA)

Microlensing
0.5m class telescopes
OGLE, LCOGT

NOW 2020 2030

SPITZER 
1m, infrared, NASA

LUVOIR/HabEx?
16m, NASA

Gaia
1m, astrometry, 
ESA

Direct imaging 
and spectroscopy

Mutil 8m class telescope
Opportunty for HIRES 

array concept

PLATO
ESA, 50x10 cm

ARIEL
ESA, 1m, spectra

E-ELT
European 
Southern 
Observatory

TMT
USA, China, India

GMT
USA
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Ground-based

Space

JWST 
6.5m, NASA/ESA

HST 
2.5m class 
NASA/ESA

Kepler 
NASA, 1m

TESS 
10x20 cm, NASA)

CHEOPS 
(30cm, ESA)

Microlensing
0.5m class telescopes
OGLE, LCOGT

NOW 2020 2030

SPITZER 
1m, infrared, NASA

Gaia
1m, astrometry, 
ESA

Direct imaging 
and spectroscopy

Mutil 8m class telescope
Opportunty for HIRES 

array concept

PLATO
ESA, 50x10 cm

ARIEL
ESA, 1m, spectra

E-ELT
European 
Southern 
Observatory

TMT
USA, China, India

GMT
USA

CRITICAL FOR EXPLOITATION

Doppler spec.
2m class telescopes
HARPS (ESO)
CARMENES
HARPS-N
APF, PFS

Networks
10cm-1.5m telescopes
NGTS, Mearth, 
SPECULOOS, QATAR

Direct imaging
10m class telescopes
SPHERE/ESO
GPI/Gemini
GTCAO?

Transit hires 
10m class telescopes
ESPRESSO, CRIRES+, 
Subaru, Others,
GTC/OPTICAL & 
NEREA

Transit hires 
2m class telescopes
HARPS/N,

CARMENES, TNG

?

NEW 
SCIENCE



Current exoplanet science 
opportunities

• Nearby star deep RV surveys (CARMENES, others intl.)

• Transit spectroscopy in low resolution : space but also possible 
from ground (GTC, ESO, Keck… ask E. Pallé)

• Transit spectroscopy in higres : few dozen hot planets with 
CARMENES & ESO facilities (ESPRESSO, CRIRES+, HARPS,…)

• Complementary observations to surveys RV and transit surveys
with small telescopes

• Precision population studies (Gaia DR2+, Kepler/TESS/CHEOPS, 
ground based hires spec)

• Gaia non-linear mover RV follow-up (and viceversa)



Exoplanet (ground) infrastructure based 
development opportunities

• Robotic small telescope networks (low EUR) : support to space missions & surveys

• 2-4m class telescope with dedicated hires spectrometer : support to space missions 
(cutting edge, large consortium contrib).

• Hires spectrometer in large aperture : GTC, NEREA concept, cutting edge 
experiments (GTC LoI & PNAYA submitted)

• Technology testbeds and programmes for starlight suppression (AO+coronographs) + 
coupling to spectrometers (lowres and highres)

• 2-4m class telescopes : advanced suppression experiments
• 10m (GTC) : Direct detection (gas giants) and system testbed for E-ELT

• Radio and submm single dish (eg. IRAM) (high risk, but low cost & high gain), and 
access to intl. radio networks and facilities for experimental programmes

• Nano-sat follow-up services : super-stable space photometry (support to other space 
missions, cost comparable to 1m class ground) & Testbeds to ESA tech 
development… build up ground antennae infrastructure? (…also business case)

GTCAO+
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