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The OG Directly Imaged Planets





HR8799 planets

Animation made by Jason Wang, Caltech



Jupiter 
Credit: NASA 

Mass1 MSun 1/1000 MSun

Brown Dwarfs 
Credit: R. Hurt IPAC 

The Sun 
Credit: SOHO Observatory
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Evolutionary Diagram of Brown Dwarfs and PlanetsBrown Dwarfs 

Credit: R. Hurt IPAC 
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How does Gaia help us Understand 
Directly Imaged Exoplanets?

Formation?



Nearby Young Moving Groups

 β Pictoris 
β"Pictoris"

23 ± 3 Myr
TW Hydrae 

2M#1207#

10 ± 3 Myr

Columba HR#8799#

46 ± 8 Myr

AB#Pic#

Tuc-Hor 
44 ± 5 Myr

AB Doradus 

147 ± 34 Myr



 β Pictoris β"Pictoris"

23 ± 3 Myr
TW Hydrae 

2M#1207#

10 ± 3 

Columba HR#8799#

46 ± 8 Myr
AB#Pic#

Tuc-Hor 
44 ± 5 Myr

AB Doradus 
147 ± 34 Myr

High confidence or Bonafide* M7-T5 dwarfs… 
  SIBLINGS of the Exoplanets

AB Dor: 18 

TW Hydrae: 5

 β Pictoris: 6 

Columba: 5

Tuc Hor: 25

* Jonathan Gagne

See for e.g.                
Faherty et al. 2016, Gagne 
et al. 2015







Gaia Has Provided New Young Stars to Target for Planets

Gagne & Faherty 2018



Gaia Has Provided New Groups to Target for Planets

Moranta, L. et al. 2022



Moranta et al. 2022

New Coronae and Stellar Associations Revealed by a Clustering Analysis of the Solar Neighborhood

Gaia Has Provided New Groups to Target for Planets



Chemistry

How does Gaia help us Understand 
Directly Imaged Exoplanets?





The Chemistry of a Host Star Yields 
Information about the Planet

Oberg et al. 2011



51 Eri b 

HR 2562 B

Beta pic b
Chilcote et al. 2017 Macintosh et al. 2015

HR 8799

Greenbaum et al. 2017
Konopacky et al. 2016

Gemini Planet 
Imager Data
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(L0) 2066+/-413K; 10 - 70 MJup

(L4) 1566+/-59K; 17 - 29 MJup

(L3) 1535+/-53K; 16 - 28 MJup

(L5) 1478+/-58K; 15 - 27 MJup

(L6-L8) 1470+/-38K; 25 - 33 MJup

(L5) 1346+/-26K; 10 - 16 MJup

(L6-L8) 1230+/-27K; 10 - 12 MJup

(L6-L8) 1184+/-10K; 10 - 12 MJup

(T5) 940+/-20K; 10 - 12 MJup

Spectra of the isolated “BD’s” in AB Doradus

Faherty et al. in prep



Retrievals of Directly Imaged Planets and Brown Dwarfs 
Yields the Chemistry of the Companion

Burningham, Faherty et al. 2021



Retrievals of Directly Imaged 
Planets and Brown Dwarfs 
Yields the Chemistry of the 

Companion

Burningham, Faherty et al. 2021





Mass

How does Gaia help us Understand 
Directly Imaged Exoplanets?

Formation?

Luminosity
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Mass vs Separation for Exoplanets

Currie, Biller, Lagrange, et al. 2022
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HR8799e Dynamical Mass
HR8799e 

SpT: Late L?

Age: 

Mass: 

42+24
−16 Myr

9.6+1.9
−1.8 MJup

The First Dynamical Mass Measurement in the HR 8799 System
Brandt, M. et al. 2021 see Mirek’s talkAnimation made by Jason Wang, Caltech

Gaia gave us: 
Acceleration: 5 

Parallax -> Lbol

Kinematics -> Age

σ
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A Directly Imaged Planet?

Faherty et al. 2021

Via Backyard Worlds: Planet 9 Citizen Science Project

BD+60 1417B  
SpT: L8

Sep: 37’’ 

Sep: 1662 AU

Age: 50 - 150 Myr

Mass: 15+/-5 MJup

200’’

Gaia gave us: 
Parallax -> Lbol

Kinematics -> Age

Vbroad -> Almost
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Goldman et al. 2010

Ross 458C: Young Direct Imaging Target for JWST

1.7 arcmin

Ross 458C 
SpT: T8

Sep: 1.7’ 

Sep: 1100 AU

Age: ~500 Myr (?)

Mass: 9-13 MJup

Gaia gave us: 
Parallax -> Lbol

Kinematics -> Age

RUWE -> Companion
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A Directly Imaged Planet?
Coconuts-2b 

SpT: T9

Sep: 594’’ 

Sep: 6471 AU

Age: 150-800 Myr

Dist: 10.9pc

Mass: 6.3+1.3

−1.9 MJup

Zhang et al. 2022

Gaia gave us: 
Parallax -> Lbol

Kinematics -> Age
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A Near-coplanar Stellar Flyby of the 
Planet Host Star HD 106906

De Rosa et al. 2019

HD106906b 
SpT: mid L?

Sep: 7.1’’ 

Sep: 738 AU

Age: ~13 Myr 

Mass: ~11 MJup

Gaia gave us: 
Parallax -> Lbol

Kinematics -> Age

Flyby history

Bailey et al. 2014



14 Her bc: 
Candidates for 

future direct 
imaging

Bardalez-Gagliuffi et al. 2022





Conclusions:
Gaia aids in direct imaging work of exoplanets by 

providing information on the chemistry, age, 
distance, and dynamic history of the system.  We 
can then extract mass, luminosity, and potential 

formation information of planets. 

Gaia is providing information on accelerating stars, 
or nearby young stars that are ideal targets for future 

direct imaging campaigns.
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