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Why gravitational microlensing?

µLENSING

Auniquemethod tomeasure themass of isolated, dark objects
in the Galaxy.

Goal

A measurement of mass and abundance of free-�oating plan-
ets and brown dwarfs to test planetary formation theories.
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The Einstein timescale tE
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The lens mass M and distance DL are hidden in tE.
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The µlensing parallax πE

πE �

(1AU
DL

−
1AU
DS

) 1
θE

The parallax method

M �
θE

κπE

# θE is measured at high
magni�cations and in
binary lens events.

Degeneracy in tE resolved!
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The µlensing parallax πE

Two strategies:
# Two or more inertial observatories.
# A single non-inertial observatory:

◦ HST (Honma 1999)
◦ WFIRST in GEO (Gould 2013)

Single non-inertial observatory

# No 4-fold degeneracy (Gould 1994)
# No coordination between several

observatories
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WFIRST in geosynchronous orbit (Gould 2013)

Gould (2013) performs an analytical Fisher Matrix analysis for a
geosynchronous satellite with σmag � 0.01 and 3-min exposures.

σπE
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)
, P � βtE and β � 1

A WFIRST-like GEO satellite could provide masses and
distances for most standard planetary events (tE ≈ 20days).
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Geosynchronous orbit satellite (Mogavero, Beaulieu 2016)
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A GEO satellite is naturally optimized for tE of few days

Let t?E be the timescale which minimizes σπE/πE:

t?E ∝ P β−1 ,
σπE ,min

πE

�
t?E

�
∝ P1/2 β1/2 R−1
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Geosynchronous orbit satellite (Mogavero, Beaulieu 2016)
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A GEOSYNCHRONOUS ORBIT SATELLITE COULD:

# detect πE for free-�oating lenses with masses ∼ MJup

# discover planets in tight orbits around low-mass brown
dwarfs
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Low Earth orbit satellite (Mogavero, Beaulieu 2016)
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A LEO satellite is naturally optimized for tE of few hours

σπE ,min
πE

�
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�
∝ P1/2 β1/2 R−1 and Kepler’s third law P2

∝ R3:
σπE ,min
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Only a factor of (6.6)1/4 ≈ 1.6 between a GEO and a LEO!
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Low Earth orbit satellite (Mogavero, Beaulieu 2016)

tE � 1.3 hours
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Finite source size effects easily detectable:
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A LOW EARTH ORBIT SATELLITE COULD:

# discover free-�oating planets of few Earth masses
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Earth’s umbra

The fraction η of the orbital period available
to observe the source star:

η � 1 − 1
π arcsin

[√
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/
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]

R � R⊕ + 550 km
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Conclusions

A GEOSYNCHRONOUS ORBIT SATELLITE COULD:

• detect πE for free-�oating objects with masses ∼ MJup

•discover planets in tight orbits around low-mass browndwarfs

A LOW EARTH ORBIT SATELLITE COULD:

• discover free-�oating planets of few Earth masses

LIMITATIONS:

• strong requirements onphotometry: σmag � 0.01, f � (3min)−1

• Earth’s umbra in case of LEO
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