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2What is the difference between giant 
planets and brown dwarfs?



3What is the difference between giant 
planets and brown dwarfs?
Mass (deuterium burning limit)

● M<13 MJ: planet, 13 MJ<M: brown dwarf

Formation pathway
● Planets form by core accretion in the disk (low e, high Fe)
● Brown dwarfs form by cloud/disk instabilities (larger 

range of e and Fe)



4What is the difference between giant 
planets and brown dwarfs?
Mass (deuterium burning limit)

● M<13 MJ: planet, 13 MJ<M: brown dwarf

Formation pathway
● Planets form by core accretion in the disk (low e, high Fe)
● Brown dwarfs form by cloud/disk instabilities (larger 

range of e and Fe)

More detail in Greg’s talk!
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Goal 
determine whether companion 

dynamics/host star properties point to a 
specific planet/BD mass divide



6To study planet/BD properties, we need a 
special sample
1) Long observing baselines (~30 yrs)
2) Large stellar sample (100s of stars)
3) Three-dimensional orbit fits



7To study planet/BD properties, we need a 
special sample

CLS + Hipparcos-Gaia =
precise orbits for hundreds 
of companions around 719 
stars out to 10 AU!

1) Long observing baselines (~30 yrs)
2) Large stellar sample (100s of stars)
3) Three-dimensional orbit fits (true mass)



8I refit the 128 planet/BD hosting CLS systems with 
Orvara, using HGCA astrometry when available
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7/18 (40%) of Doppler BDs are stars

I refit the 128 planet/BD hosting CLS systems with 
Orvara, using HGCA astrometry when available
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With a refit sample, we can examine 
population-level parameter distributions 

- Do higher-mass companions orbit 
lower-metallicity stars?

- Do higher-mass companions tend to have higher 
eccentricities?

- How common are high-mass companions 
compared to lower-mass ones?

Giacalone et al. (2025)

Gilbert, Van Zandt, et al. (2025)

Van Zandt et al. (2025)
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The semi-major axis distribution is 
consistent with Fulton et al. (2022)

Msini = 0.1-18.9 MJ (Fulton+2022) M = 0.8-80 MJ (Van Zandt et al. 2025)

Both distributions show a peak between 1-10 AU followed by a marginally significant 
fall-off at a>10 AU
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The occurrence plateau between 1–10 AU 
is relevant to planet formation

Msini = 0.1-18.9 MJ (Fulton+2022) M = 0.8-80 MJ (Van Zandt et al. 2025)

Both distributions show a peak between 1-10 AU followed by a marginally significant 
fall-off at a>10 AU

What’s going on here?



The mass distribution between 1-10 AU shows 
that BDs and super-Jupiters are rare near 
the snow line
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The BD desert extends to 10 AU 
Occurrence rates between 1-10 AUOccurrence rates for P<5 yr

Grether & Lineweaver (2006) Van Zandt et al. (2025)



KEY TAKEAWAYS
sin(i) contamination can be highly relevant for rare 
objects — half of RV “brown dwarfs” may be stars

The BD desert extends to at least 10 AU

The mass and semi-major axis distributions of 
planets/BDs do not indicate a sharp divide; the 
mechanisms that form them likely act in 
overlapping mass regimes
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The SMA distribution does not vary 
sharply with mass

Semi-major Axis (AU)
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SUPPLEMENTAL - no sharp 
planet/BD transition evident from mass 
and SMA distributions

No clear 
evidence of 

a sharp 
distribution 

change
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SUPPLEMENTAL: “brown dwarf” companions 
from the CLS

- 7/18 BDs → stars

- 7/15 BDs with 
HGCA
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30 years of RVs with the California 
Legacy Survey
- RV-only fits for 200+ companion-hosting 

stars
- Median tbase=21 years and Nobs=74
- 128 systems hosting a planet/BD (<80 MJ)
- 195 total companions

Rosenthal et al. (2021)


