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Evolutionary D|agram of Brown Dwarfs and Planets
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How does Gaia help us Understand
Directly Imaged Exoplanets”

Luminosity
Age
Mass

Chemistry

Dynamic

Farisedign ?



Nearby Young Moving Groups
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High confidence or Bonafide® M7-T5 dwarfs...
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Gaia Has Provided New Young Stars to Target for Planets
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Gaia Has Provided New Groups to Target for Planets
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Gaia Has Provided New Groups to Target for Planets

Table 8. Known exoplanet host stars recovered in Crius groups.

NASA Simbad Crius

exoplanet IDs host ID Reference ID Notes

Confirmed exoplanets in new Crius groups

HD 103949 b HD 103949 1 162  New 100-700 Myr Crius group
TOI-1807 b BD+39 2643 2 224  Previously suspected 180-200 Myr moving group
TOI-2076 b, c,d BD+40 2790 2 224  Previously suspected 180-200 Myr moving group

Exoplanet candidates in new Crius groups

TOI-1598 b BD+36 344 3 109 New > 100 Myr Crius group
TOI-2481 b TYC 103-445-1 3 121  New > 100 Myr Crius group
TOI-2133 b UCAC4 614-055633 3 205 New 100-700 Myr Crius group

Exoplanet candidates with newly recognized host associations

TOI-2048 b TYC 3496-1082-1 3 147  Oh et al. (2017) Group 10
TOI-447 b HD 33512 3 164  Octans association
TOI-4364 b PM J05202-0414 3 214  Corona of the Hyades
TOI-1224 b UCAC4 046-001384 3 221  Corona of Volans-Carina
TOI-1990 b TYC 8613-1781-1 3 235  Corona of 1C 2602

Confirmed exoplanets which membership is already known

HD 63433 b, c HD 63433 4 141  Ursa Major "moving group”
K2-100 b K2-100 5 187  Praesepe open cluster
K2-102 b K2-102 5 187  Praesepe open cluster
Pr0201 b BD+20 2184 6 187  Praesepe open cluster
Pr0211 b, ¢ 2MASS J08421149+1916373 6,12 187  Praesepe open cluster
K2-101 b K2-101 5 187  Praesepe open cluster

Moranta et al. 2022

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



How does Gaia help us Understand
Directly Imaged Exoplanets”
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The Chemistry of a Host Star Yields
Information about the Planet
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GPI Spectral Library
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Spectra of the isolated “BD’s” in AB Doradus
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Retrievals of Directly Imaged Planets and Brown Dwarfs
Yields the Chemistry of the Companion
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How does Gaia help us Understand
Directly Imaged Exoplanets”

Luminosity
Mass
Formation?



(Minimum) Mass (MEarth)

Mass vs Separation for Exoplanets

2021: 175 planets with spectroscopic measurements
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Mass ratio vs Separation for Companlons
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HR8799e Dynamical Mass
HR8799e

SpT: Late L?
Age: 42724 Myr

—16
: +1.9
] Mass: 9.6" ¢ M,
7 Gaia gave us:

? ' Acceleration: 50
Parallax -> Lbol
Kinematics -> Age

2009-08-01 20 au

The First Dynamical Mass Measurement in the HR 8799 System
Brandt, M. et al. 2021 see Mirek’s talk

Animation made by Jason Wang, Caltech
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A Directly Imaged Planet?

BD+60 1417B
SpT: L8
Sep: 377
Sep: 1662 AU
Age: 50 - 150 Myr
Mass: 15+/-5 Myup

Gaia gave us:

Parallax -> Lbol
Kinematics -> Age
Vbroad -> Almost

& ’ . Faherty et al. 2021
Tg Via Backyard Worlds: Planet 9 Citizen Science Project
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Ross 458C: Young Direct Imaging Target for JWST

Goldman et al. 2010

1.7 arcmin

b

Ross 458C
SpT: T8
Sep: 1.7°
Sep: 1100 AU
Age: ~500 Myr (?)
Mass: 9-13 Myup

Gaia gave us:
Parallax -> Lbol
Kinematics -> Age
RUWE -> Companion
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A Directly Imaged Planet?

AP . Coconuts-2b

IR B i
’.. 0'0. .. " = . - SpT T9
"~ PRGN ‘Sep: 594
® 1 co e Sep:6471 AU
, ,', "« % Age: 150-800 Myr
S, vy N E Dist: 10.9pc
e 12 +1.3
N ° 7 | -~ ". Gaia gave us:
/ ..'.', . et & Parallax -> Lbol
% e 2 Kinematics -> Age
..‘5a'rc;nin. . e RO o N '.E..‘. |

Zhang et al. 2022



Mass rat
10°

107

—
o
o

Mass ratio (M,/M,)
S

—h
o
A

io vs Separation for Companions

N
-

7
A

HIP 78530 b

Ross 458 ¢

®

(L HD 1062\06 b
o9
HR 8799 b WD 0806 b
L}
HD 97048 b

® — Eta CancriB

LI .'.0 ° . @®— COCONUTS-2b
o © 0° ™ BD460 14178

@ Direct Imaging |

@ Radial Velocity
© Transit
@ Microlensing

@ Imaged (not a planet)

Separation (Semi-Major Axis) AU

10° 10*

10°



A Near-coplanar Stellar Flyby of the
Planet Host Star HD 106906
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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.

Gala is providing information on accelerating st

or nearby young stars that are idea

direct iImaging campal
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