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B
row

n dw
arfs (B

D
s) are objects w

hose m
ass range is about 13-80 

Jupiter m
asses. The tem

perature in their center is not enough to burn 
hydrogen but deuterium

. In other w
ords, brow

n dw
arfs are the m

iddle 
betw

een gas giant planets and m
ain-sequence stars. 

The radial velocity m
ethod has discovered the com

panions of sun-
like stars, including exoplanets and B

D
s orbiting around w

ithin 3 au. 
W

hile these com
panions w

ith long periods (100d~) are distributed in a 
w

ide range of m
ass, the num

ber of brow
n dw

arfs w
ith short periods 

(~100d) and M
sini ~ 30-55 Jupiter m

asses are poor. This area is show
n 

in the figure below
, called the ‘brow

n dw
arf desert’ (M

a &
 G

e 2014). 
The authors claim

 that this is not observational bias because the 
radial velocity m

ethod is sensitive enough to detect objects in this area, 
if any. They suggest that the difference in form

ation m
echanism

s 
betw

een above and below
 this gap causes brow

n dw
arf desert. 
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Figure 2 of M
a &
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e 2014 

The authors explain the possibility of the difference in the origins 
of heavier and lighter B

D
s from

 tw
o points of view

. First, w
hile the 

m
axim

um
 eccentricity of light B

D
s seem

s to depend on their m
asses, 

that of heavy B
D

s is sparsely distributed (left panel of the figure 
below

). This is consistent w
ith the picture that light B

D
s are form

ed in 
a protoplanetary disk and later pum

ped to higher eccentricity through 
scattering by other objects form

ed in the disk. Second, the m
etallicity 

of host stars has a different distribution betw
een B

D
s and giant 

planets (right panel of the figure below
). Since m

etallicity plays an 
im

portant role in core accretion or m
olecular cloud fragm

entation 
scenarios, the difference in the m

etallicity of host stars im
plies the 

different form
ation m

echanism
s of their com

panions. 

A
lthough this paper w

as published ten years ago, som
e recent 

m
issions are devoted to sim

ilar studies, including G
aia and TE

SS 
(U

nger et al., 2023; H
enderson et al., 2024). These studies are also 

expected to contribute to the understanding of star and planet 
form

ation m
echanism

s. 

Figure 5 and 6 of M
a &

 G
e 2014 


