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

e M<13 M, planet, 13 M <M: brown dwarf

Formation pathway

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

range of e and Fe)




What is the difference between giant ‘

planets and brown dwarfs?

Mass [(deuterium burning limit)
e M<13 M, planet, 13 M <M: brown dwarf

Formation pathway

e Planets form by core accretion in the disk (low e, high Fe)
e Brown dwarfs form by cloud/disk instabilities (larger
range of e and FE] What'’s the difference between a

giant planet and a brown dwarf?

\More detail in Greg's talk!




dynamics/host star properties point to a
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Goal
determine whether companion

specific planet/BD mass divide
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To study planet/BD properties, we need a

special sample

1.
2
3.

Long observing baselines (~30 yrs]
Large stellar sample (100s of stars)]
Three-dimensional orbit fits
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To 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 (true mass])
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| refit the 128 planet/BD hosting CLS systems with
Orvara, using HGCA astrometry when available

CLS Catalog: M. Posteriors
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| refit the 128 planet/BD hosting CLS systems with
Orvara, using HGCA astrometry when available

CLS Catalog: M. Posteriors
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7/18 (40%) of Doppler BDs are stars




With a refit sample, we can examine N
population-level parameter distributions
- Do higher-mass companions orbit

lower-metallicity stars? Giacalone et al. (2025]

- Do higher-mass companions tend to have higher
eccentricities? Gilbert, Van Zandt, et al. (2025)

- How common are high-mass companions
compared to lower-mass ones? Van Zandt et al. (2025)




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

Msini = 0.1-18.9 M, (Fulton+2022)

—
(o]

= = Broken power law

== = Cumming et al. (2008)
Fernandes et al. (2019) ¥ \

=®- Wittenmyer et al. (2020}’ \

Aln(a) =0.63

cuy -
o N

(30 - 6000 M)
[0)] oo

s
£
<
~
[
—
[
—
2]
o
o
g ==
~
Q.
=<

1.0 3.0
Semi-major axis (au)

Both distributions show a peak between 1-10 AU followed by a marginally significant

fall-off at a>10 AU

M =0.8-80 M, (Van Zandt et al. 2025)
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The occurrence plateau between 1-10 AU
is relevant to planet formation

Msini = 0.1-18.9 M, (Fulton+2022) M =0.8-80 M, (Van Zandt et al. 2025)
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Both distributions show a peak between 1-10 AU followed by a marginally significant
fall-off at a>10 AU




The mass distribution between 1-10 AU shows
that BDs and super-Jupiters are rare near
the snow line

CLS Catalog: M. Posteriors
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The mass distribution between 1-10 AU shows
that BDs and super-Jupiters are rare near
the snow line

CLS Catalog: M. Posteriors
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The BD desert extends to 10 AU

Occurrence rates for P<5 yr Occurrence rates between 1-10 AU

Planetary Brown Dwarf ! Stellar
|
Companions Companions | Companions
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Detected Doppler Companions (P < 5 years)
| Subset Not Monitored by Exoplo:nel Surveys

5.929% 7.2+14%

N

o
w

5.3t12%
5.013:3% ‘

2.0%97%

©
N}

dN/d(Log M2)

Planets per star
per Alogio(Mc)

o
[

02 04 08 16 32 64 13
Mass (M])

10-2
Companion Mass M; [Me]

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



KEY TAKEAWAYS N

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/B0s do not indicate a sharp divide; the

mechanisms that form them likely act in
overlapping mass regimes




The SMA distribution does not vary
sharply with mass
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SUPPLEMENTAL - no sharp

planet/BD transition evident from mass
and SMA distributions
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SUPPLEMENTAL: “brown dwarf” companions

from the CLS

. 7/18 BDs - stars

- 7/15 BDs with
HGCA

Table 1. Companions with M. sini = 13—-80 Mjup

System Companion a;
Name Index (AU)

HD126614 16.61371°3%5
HD168443 2.87910 052
HD26161 20.43075°315
HD28185 15.76615-255
HD38529 37361000
HD66428 22.43471355
HD68988 13.08615 732
HD111031 32.061113771
HD16160 16.34810:2%2
HD18445 :
HD190406
HD211681
HD239960
HDA4747
HD68017
HD8765
HIP63510
HD167665

=

15.53615:318
7.79010 155
1526175528
9.841515]
21.3891“;1:;;3
3.35810:9%2
4irrardon
5.39010:072

O O O O OO O OO0 O O M = = = O

M, sini

(A/[Jup)
27.4077283%
1776910302
13.4301575%
42183133950
13.2127095)
27. 27212020
15.05613 952
65.343138 70

49.197i};§§§
33.8011%

as
(AU)
24.7467 7703
2.912:9:02¢
15.13312:3%0
8.503%5 57
3.74230:010
17.42471%5¢0
11.66810575
28.477110.5%
17,9057 0:222
1.244715:0%
16.54610 225
8.31140157
8.225%0 647
9.933%0 139
14.41475218
3.67975.053
4.954715:058
5.48010:078

M.

(IwJup)

157.449121%857
19.908™]
47.25175:371
6.0047 0505
14.728+4:3%
18.1681¢%I7°

72901?}?@41
73.36611:989
188.87717

39.6391 2558
66.0407172%

2

92.9762

39
56.99072 7%

Note. a; and M.sini values are from Rosenthal et al. (2021), while ay and M. values are from this
work.




30 years of RVs with the California ‘

Legacy Survey

- RV-only fits for 200+ companion-hosting
stars

- Mediant, _ =21yearsand N_ =74

- 128 systems hosting a planet/BD (<80 M )

- 195 total companions

\ Rosenthal et al. (2021)]




