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◼ Giant Planets as Keys to Planet Formation

Architecture of planetary systems How do they form?

migration

Influence inner planets
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◼ Gaia: A Giant-Planet Discovery Machine

(Lammers & Winn 2025)
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◼ Gaia Revolution Already Underway

About 100 giant planets already detected by astrometry
Measuring stellar reflex motion with 
the 24-year Hipparcos–Gaia baseline
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◼ Different ways of using Gaia catalog data

GRAVITYVLTI

(Snellen & Brown, 2018)

HG PM, Hipparcos PM

(Kervella+ 2019; Brandt, 2021)

HG PM,  Hipparcos PM, Gaia PM Hipparcos and Gaia 5-par data

(Feng et al. 2019)
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◼ Degeneracy in the solution of inclination

orvara model

(Brandt+2021; Feng et al. 2025; Xuan et al. 2020)
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◼ Model multiple Gaia DRs using GOST

Stellar reflex motion
GOST simulated Gaia 

DR2

GOST simulated Gaia 
DR3

Fitting the five-parameter 
linear model to the 

simulated data

Gaia DR3

Gaia DR2

Calculate the residual of the Gaia DR2 and 
DR3 after subtracting the model and 

calculate the likelihood

Gaia DR3

Gaia DR2
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◼ Use multiple DRs to determine Inclination
No Gaia DR2 With Gaia DR2

(Xiao & Feng,  2025)

14 Her b and c
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◼ Detect and characterize the nearest Jupiters

GRAVITYVLTI

(Matthews et al. 2024; Feng et al. 2025)

VISIR/NEAR VLT 

JWST/MIRI
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◼ Boundary between planet and star formation

GRAVITYVLTI

Brown dwarf desert is universal
BD desert is a boundary between 

planet and star formation

(Feng et al. 2022; Cui et al. in review)

Top-down and bottom-
up formation channels Kaiming Cui



< 11 >以 天 之 语 解 物 之 道

◼ Mutual inclination of double-giants systems

Guangyao Xiao

(Xiao et al. in prep.)

About 3/4 of the systems are undergoing Kozai oscillations!
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◼ Giants Hunting with Astrometry+ETV/TTV

Δ𝑇𝐿𝑇𝑇𝐸 =
𝑎2 𝑠𝑖𝑛𝐼2

𝑐

(Zheng+ in prep.)

KIC2302092
Shuyue Zheng

Line of sight

Primary Secondary

Third body
Barycenter

Consistent with SED fitting
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◼ Synergy in Giant Planet Hunting

Transit/EB

AstrometryRV

Gaia: high precision astrometry 
survey of 1 billion stars

JUST: 4m telescope will be 
equipped with high precision 
spectrograph measuring RVs 
of ~10,000 stars

Tianyu(天语): 1m telescope with 
a FOV of 4.5 deg monitoring the 
photometric variation of 100 
million stars Yicheng Rui
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◼ Jupiter hunting with Tianyu

Timeline

Kepler

2009 2013 2028 2032

ET/Plato

Long period transit planet

Light curve

TESS

2023 2026

Tianyu
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◼ Synergistic detection of cold giants

Kepler

Tianyu+Gaia+JUST+Kepler+TESS

Tianyu+JUST+Gaia

Gaia DR5 (10pc)

(Feng et al. 2024)
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◼ Summary

➢The combination of RV and Gaia astrometry led to 

detection/characterization of hundreds of giant exoplanets and 

brown dwarfs. 

➢The sample of giants with 3D orbits provide perfect targets for 

direct imaging and studing planet formation and evolution. 

➢The synergy of Gaia astrometry, radial velocities, direct 

imaging, transit, eclipse/transit timing is driving a major 

revolution in exoplanet science.
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