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Free-floating planets (FFPs)

Free-floating planets
Rogue planets
Unbound planets
Solivagant planetary-mass objects 
(SPlaMOs)

• less massive than the deuterium-
burning limit (~13 MJup)

• gravitationally untethered to any star
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Free-floating planets (FFPs)

Free-floating planetary-mass objects can 
be formed:
• through gravitational collapse, in a way 

similar to that in which stars form,
• around stars, in protoplanetary disks, 

ejected as a result of dynamical 
interactions with other planets, stars, 
etc.

Properties of FFPs can give us better 
insights into early dynamical evolution of 
planetary systems

C
al

te
ch

 M
ag

az
in

e,
 S

p
ri

n
g 

20
21



Planetary-mass objects in young clusters

If FFPs are young (at most several Myr) and 
massive enough (>4-5 MJ), they can be 
directly detected (e.g., Gagne+2017, 
Lodieu+2021, Miret-Roig+2022)

Miret-Roig+ 2022



Planetary-mass objects in young clusters

If FFPs are young (at most several Myr) and 
massive enough (>4-5 MJ), they can be 
directly detected (e.g., Gagne+2017, 
Lodieu+2021, Miret-Roig+2022)

JWST can detect objects as low-mass as
~1 MJ.

Scholz+2022



Gravitational microlensing



Gravitational microlensing

Microlensing event 
timescale

tE ~ 20 d  (stars)

tE ~ 1 d   (Jupiters)

tE ~ 0.1 d  (Earths)



Gravitational microlensing

Angular Einstein radius:

M – lens mass
πrel – lens-source relative parallax,
     πrel = 1/Dlens - 1/Dsource



Finite-source effects

microlensing by stars:
θE >> θ*

microlensing by planets:
θE ≈ θ*



Finite-source effects



OGLE: Optical Gravitational Lensing Experiment

• in operation since 1992
• since 2010 as OGLE-IV (Udalski et al. 2015)
• over 20,000 microlensing detections
• over 100 exoplanets discovered

Warsaw 1.3-m
@ Las Campanas, Chile

Milky Way



OGLE: Optical Gravitational Lensing Experiment

high cadence fields
~ 50 million stars



Event timescale distribution

2617 events
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Jupiter-mass free-floating planets

2617 events
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95% upper limit: less than 0.25 free-floating Jupiters per star

brown dwarfs 
and stars



Earth/Neptune-mass free-floating planets

2617 events
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We detected a few extremely-short-timescale events: consistent 
with low-mass FFP being more common than stars (10 ± 4 FFP per star).



Free-floating planet candidates

Event tE (days) θE (μas)

OGLE-2016-BLG-1928 0.029 ± 0.003 0.842 ± 0.064

OGLE-2012-BLG-1323 0.155 ± 0.005 2.37 ± 0.10

OGLE-2016-BLG-1540 0.320 ± 0.003 9.2 ± 0.5

OGLE-2019-BLG-0551 0.376 ± 0.018 4.35 ± 0.34

KMT-2019-BLG-2073 0.272 ± 0.007 4.77 ± 0.19

KMT-2017-BLG-2820 0.273 ± 0.006 5.97 ± 0.37

MOA-9y-770 0.315 ± 0.017 4.73 ± 0.75

MOA-9y-5919 0.057 ± 0.016 0.90 ± 0.14

Mróz et al. 2018, 2019, 
2020, Kim et al. 2021, Ryu, 
Mróz et al. 2021, 
Koshimoto et al. 2023



Einstein desert

brown dwarfs
and stars

planets

KMTNet events
(Gould et al. 2022)



Einstein desert

brown dwarfs
and stars

planets

KMTNet events
(Gould et al. 2022)

OGLE events



FFP mass function

Gould+2022

The mass function of FFPs can be 
described by a power-law function:

with



FFP mass function

Sumi+2023
• Power-law mass function:

• Implies that FFPs are common:
7+7

-5 FFPs/star (from 1 M⨁ to 13 MJ)

• Number of FFPs is of order or larger 
than the number of bound planets

• Mass function of bound planets 
is shaped (partly?) by the ejection 
process



Free-floating or wide-orbit?

• microlensing data rule out 
putative stellar companions at 
< 10 au

Light curve of a microlensing event by a 2 M⊕ planet
on a 20 au orbit would look like that of a FFP.



Free-floating or wide-orbit?

• microlensing data rule out 
putative stellar companions at 
< 10 au

• lens and source are moving in 
the sky (~5 mas/yr)

• Keck adaptive-optics 
observations to search for 
putative host stars

OGLE Keck Keck



Wide-orbit planets are also cool!

We're probing an 
empty phase space of 
low-mass wide-
separation planets



Nancy Grace Roman Space Telescope

• 2.4-m telescope with a 0.28 deg2 Wide 
Field Instrument (0.48-2 µm)

• Three major surveys – Galactic Bulge 
Time Domain Survey, High Latitude 
Time Domain Survey, and High 
Latitude Wide Area Survey

• Expected launch: by May 2027
• Galactic bulge: 6x 72 day seasons



Nancy Grace Roman Space Telescope

• 2.4-m telescope with a 0.28 deg2 Wide 
Field Instrument (0.48-2 µm)

• Three major surveys – Galactic Bulge 
Time Domain Survey, High Latitude 
Time Domain Survey, and High 
Latitude Wide Area Survey

• Expected launch: by May 2027
• Galactic bulge: 6x 72 day seasons

See the poster by Radek Poleski



Roman telescope will be more sensitive to FFP
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Earth 2.0 (ET) mission
• Chinese project to study transiting and 

microlensing exoplanets
• Expected lauch date: by the end of 2026
• Will contain seven 30-cm telescopes, one 

dedicated to microlensing
• Is predicted to detect ~600 FFPs and 

measure masses for ~150 FFPs



Summary

• free-floating planets can be detected with 
gravitational microlensing

• less than 0.25 free-floating Jupiter-mass planets 
per star

• Mars- to (super)Earth-mass free-floating / wide-
orbit planets are a common (or more common) 
that bound planets

• mass function of bound planets is shaped (partly?) 
by the ejection process
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