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Few Imaged Exoplanets Have Direct Mass Measurements
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Astrometric Accelerations Reveal Unseen Wide-Orbiting Planets

6

Hipparcos

μhg

μhip

μgaia

(1991)

Gaia DR3
(2016)

Astrometric Accelerations 
Enable Rare and Valuable 

Dynamical Mass Measurements

Planets and Brown Dwarfs Induce Small Proper Motion 
Differences over 25 years between Hipparcos and Gaia DR3

(See Brandt 2018, 2021; Kervella et al. 2019, 2021)
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Predicted Mass From Astrometric Acceleration
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Brown Dwarfs

Planets

See Franson et al. (2023a,b); Franson & Bowler (2023)
See also e.g., Brandt et al. (2019, 2021); De Rosa et al. (2019a,b); Fontanive et al. (2019); Mesa et al. (2022), Li et al. (2023, 2024)
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Astrometric Accelerations as Dynamical Beacons

8

Franson et al. (2023a,b)
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Franson et al. (in prep.)

Astrometric Accelerations as Dynamical Beacons
Franson et al. (2023a,b)

Shallow Imaging of 1400 
Accelerating Stars

Keck/NIRC2, WIYN/HRCam, ARC/DSSI, 
ShaneAO, SOAR/HRCam, Astralux-N/S 

1090 Apparently 
Single Stars 324 Binaries

ShaneAO WIYN/NESSI

ARC/DSSI Astralux-N

Keck/NIRC2 Astralux-S
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Franson et al. (in prep.)

Astrometric Accelerations as Dynamical Beacons
Franson et al. (2023a,b)

Shallow Imaging of 1400 
Accelerating Stars

Keck/NIRC2, WIYN/HRCam, ARC/DSSI, 
ShaneAO, SOAR/HRCam, Astralux-N/S 
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Brandt et al. (2021a,b) 
Hinkley et al. (2022) 
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Lagrange et al. (2025)
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Constraining the Initial Entropy and 
Formation Timescale of AF Lep b
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Zhang (2024)
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Gaia BH3: First Taste of Gaia DR4 Science
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Updated Orbit of AF Lep b

✦ Semi-Major Axis: 9.0 ± 0.2 au

✦ Eccentricity:  (Circular)0.01 ± 0.02

✦ Orbital inclination: 57.5 ± 0.7∘

• Inclination of host-star: 54+11
−9

∘

✦ Dynamical mass: 3.7 ± 0.5 MJup
• Consistent with hot-start, 

warm-start if delayed formation

✦ Reinforces emerging trends in 
eccentricity and spin-orbit 
alignment (Bowler et al. 2020, 2023; Do Ó 
et al. 2023; Nagpal et al. 2023; Sepulveda et 
al. 2024)
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Three Regimes of Predicted Mass

Aliasing Curvature Power Law

Disallowed
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binary!
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Could be a planet 
within 400 mas!


