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22 Years of Exoplanets
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Frequencies: Kepler vs. RVs
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The Mass-Radius Relation
Howard et al. 2013
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Composition of Small Planets

Buchhave et al. 2016
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Winn & Fabrycky 2015
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Transiting Multiple Systems

100s’ of ‘flat’ systems, the vast majority with small radii. Most are real!

Courtesy: D. Fabrycky
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Multiple Systems from RV+HCI

>50% of 1-GP systems has additional massive companions

Bryan et al. 2016
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Exoplanet Atmospheres

* multi-band differential photometry (broad or narrow band), imaging
* high-res spectroscopy, multi-object spectroscopy, low-res spectroscopy  

* Albedo, T-p profile, molecular chemistry (dayside)
* Upper atmosphere (clouds, hazes), chemistry, dynamics (nightside) 

USE: 

GET: 

Sing et al. 2015
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Characterized Exoplanets
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+
VLT (E-)ELTs
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All surveys and follow-up programs entirely focused on bright stars
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Credits G. Ricker
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Is (Will) Gaia (be) competitive?
Unbiased, 

magnitude-limited 
planet census of 

maybe 106-107 stars

On the order of 
>104 NEW gas giants 
(< 15 MJUP) around
A through M dwarfs

Numbers might 
as much as triple

for a 10-yr mission 

Lattanzi et al. 2000, 
Sozzetti et al.2001
Casertano et al. 2008
Perryman et al. 2014
Sozzetti et al. 2014
Sahlmann et al. 2014
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The Gaia Legacy

Today: 50 stars in a bin! Today: 50 stars in a bin!
Gaia: 104 stars in a bin! Gaia: 104 stars in a bin!

Gaia will test the fine structure of GP parameters distributions and frequencies 
(including the GP/BD transition), and investigate their changes as a function of 
stellar mass, metallicity, and age with unprecedented resolution

Johnson et al. 2010 Sozzetti et al. 2009

How do giant planets properties (mass, orbit) depend on those of the host stars? 
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Gaia - Synergies

• Gaia & spectroscopic characterization observatories (e.g., JWST, E-ELT)
• Gaia & transit surveys from the ground (e.g., WASP, HAT, APACHE, NGTS) and 

in space (CoRoT, Kepler, K2, TESS, PLATO)
• Gaia & direct imaging observatories (e.g., SPHERE/VLT, PCS/E-ELT, WFIRST) 
• Gaia & RV programs (e.g., HARPS(-N), ESPRESSO, CARMENES, and the likes)
• Gaia & ground-based and space-borne astrometry
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Target Selection/Characterization

• Gaia	remains	the	elected	primary	source	of	the	
TESS/PLATO	input	catalogs	of	>2x106 bright	dwarf	stars	
(with	negligible	giant	star	contaminants)

• It	will	allow	for	significant	reduction	in	astrophysical	
false	positives	(know	what’s	in	the	pixel!)

• Gaia	parallaxes	will	make	system	parameters	(mass,	
radius,	and	density)	both	precise	AND	accurate	
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Two Examples
Giacobbe et al. In prep.

Bonavita et al. In prep.



The science of Gaia and future challenges  – lund, 30/08/2017

Perryman et al. 2014
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Multiple Systems with Gaia

• Additional giants (Observed): fp >25% [a < 10 AU, Mp 0.1-20 MJUP]

• In 60 systems, 47% have both with astrometric SNR = ! "⁄ √𝑁&' > 5

• 77% (resp. 89%) with P< 5 yr (resp. < 10 yr)

• ALL around V < 12 mag stars EXTRAPOLATE

• Combine Perryman et al. (2014) numbers with Casertano et al. (2008) 
metrics for multiple planet orbit reconstruction: 

• Tmission= 5 yr: 
>2500 two-planet systems with masses good to 15%-20%, around
250-300 meaningful coplanarity measurements

• Tmission= 10 yr: 
>6000 two-planet systems with masses good to 15%-20%, around
550-600 meaningful coplanarity measurements
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Exoplanets in the Gaia Era

But for many a question one can ask, e.g.:

1) What is the frequency of solar system analogs?
2) Are (single and multiple) super Earths accompanied by giant planets?
3) How do gas giants planets affect the presence of terrestrial planets?
4) What is the true mass distribution of gas giants beyond the snow line?

• Transiting systems to remain pivotal in the game for a while
• Eventually, direct imaging of mature, not-so-wide separation systems will happen
• Systems optimal for atmospheric characterization and habitability studies ouf of 

direct reach of Gaia, but indirect contribution crucial
• Characterization of systems architectures (including true Solar-System analogs) 

across orders of magnitude in mass and orbital separation and as function 
of host’s properties CANNOT DO WITHOUT Gaia

Answers can be reached only by maximizing the synergy potential of Gaia data

Lennart et al., do the impossible for that 0.01% of bright stars!


