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Muraki et al.(2011)

Planetary anomaly
w/o planet

q~5.8x10-5

s~0.91
MOA- 2009- BLG- 266Lb

Planetary 
signal found 
on 11/9/2009

Follow- up by 
telescopes 
around the 
world

Survey telescopes issue Real-time Alerts to follow-up teams

¸Fill the 
gap to 
cover   
short 
anomaly

¸Confirm 
anomaly
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TS+2016

MOA- 2013- BLG- 605: the Neptune analog planet
q=3x10-4, s=2.3,   

Neptune or super Earth around Brown-dwarf

Neptune 

may be 

common

¸High cadence
surveys cover the 
short/rapid  
anomaly

¸Ground surveys 
cover longer range. 
May detect planet  
or hosts missed by 
Roman



Short FFP candidates with Finite Source (FS)

aǊƽȊ Ҍ нлнл

OGLE-2016-BLG-1540 

aǊƽȊ Ҍ нлму
aǊƽȊ Ҍ нлмф

aǊƽȊ Ҍ нлнл
OGLE-2016-BLG-1928 

— =0.842
± 0.064 
‘as 

— =2.37

± 0.10 
‘as  

— Ґ9.2
0.5 ‘  

— =4.35

± 0.34 

‘as  Terrestrial 

mass

¸/ƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ǎƘƻǊǘ ƭƛƎƘǘ ŎǳǊǾŜ ǎƘŀǇŜ
¸/ƻƴŦƛǊƳ ǘƘŜ ǎƘƻǊǘ ŜǾŜƴǘǎ ǿƘƛŎƘ Ŏŀƴƴƻǘ ōŜ ŦƻƭƭƻǿŜŘ ǳǇ ƭŀǘŜǊ



{ƘƻǊǘ ŦƭŀǊŜǎ ŀǊŜ Ƴŀƛƴ ǎƻǳǊŎŜ ƻŦ ōŀŎƪƎǊƻǳƴŘ ŦƻǊ CCt

a CV gives a poor microlensing fit, 

often with low magnification and an 

unphysically bright source 

flares

¸ High cadence light 
curves help to 
remove the false 
positives like flares



Degeneracy in parameters

   

tE =
RE (M,D)

vt

Einstein crossing timescale Mass

Distance

Transverse velocity

Need high order effect to break the degeneracy
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ÂFinite Source Effects 

Point 

Source

Finite 

Source 

Effects 
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ÂMicrolensing orbital Parallax

ÂDue to Earthôs orbit

Bond et al., 2001

source lens

Sun

observer

rE

Finite Source Effects & Microlensing Parallax Yield Lens Mass

Smith+2001

Earth

lens

source qE

Only for 

long event
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¸ Finite source effects

     Angular Einstein radius 

 q* = source star angular radius

 DL and DS are the lens and source distances

¸ Parallax

    (Effect of Earthõs orbital motion)

Einstein radius projected to Observer

       

Finite Source Effects & Microlensing Parallax Yield 
Lens System Mass

Earth
lenssource

Earth

lens

source

qE

Projected RE:
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only way to measure 
mass of free- floating 
planets

Earth-L2 is suitable for FFP

Space-based 

parallaxes



Single lens event from Earth
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Space-based parallaxes

Gould 1994

Microlensing parallax:
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DṶis the projected separation between
the satellite and Earth at the time of the event.
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Space-based parallaxes degeneracy

Gould 1994

+Clockwise

- Counterclockwise
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FIRST SPACE-BASED MICROLENS PARALLAX MEASUREMENT OF AN 
ISOLATED STAR: SPITZER OBSERVATIONS OF OGLE-2014-BLG-0939

ὓ πȢςσ πȢππχ ὓṩ
Ὀ σȢρ πȢτ kpc

M -dwarf  at galactic disk

Earth-Spitzer Separation DṶ~1.2AU

Yee+2015)



SPITZER AS A MICROLENS PARALLAX SATELLITE: MASS MEASUREMENT
FOR THE OGLE-2014-BLG-0124L PLANET AND ITS HOST STAR

Udalski+ 2015

ὓ πȢυ ὓ

ὓz πȢχ ὓṩ
Ὀ τ kpc



OGLE-2015-BLG-0966/MOA-2015-BLG-281
Street et al. 2015)

Spitzer ὓ ςρ ς ὓṥ
ὓz πȢσψ ὓṩ
Ὀ ςȢυ σȢσ kpc

Neptune mass planet

Around M -dwarf  at 

galactic disk



Angular Einstein Radius — 

ʆ= 4G/(c 2au)= 8.144 mas / Msun
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¦ŘŀƭǎƪƛΣ Ŝǘ ŀƭΦΣ нлмп

¸~20 day offset between 

signals w/ Spitzer at 1.2 

AU from Earth 

¸=> 4 hour offset with 

Romanôs 0.01 AU 

separation. 

¸Revealing microlensing 

parallax for planets, not 

stars!

Spitzer-Ground 

delay = 20 days

Implies Roman-Ground

offset = 4 hours

SPITZER Microlens parallax for OGLE -2014-BLG-0124L 

Mass Measurements via Simultaneous Roman-

Ground Observation



FFP Mass Measurements via Simultaneous 

Roman-Ground Observation
¸Romanôs 0.01AU 

separation is optimal

¸—

9ŀǊǘƘSpitzer

¸Because Spitzer-Earth projected 
separation is ~20‘as@7kpc, 

¸Thisis much larger than —~м‘ŀǎ of 
a planetary mass lens

¸  the event will be observed from 
either Earth or Spitzer, but not both.



MOA (since 1995)

Microlensing Observation in Astrophysics
 New Zealand/Mt. John Observatory, Latitude  44¯S, Alt:    1029m 

Mirror : 1.8m

CCD   : 80M pix.(12x15cm)      

FOV   : 2.2 deg.2

    (10 times as full moon)



MOA 

field

ah! ƻōǎŜǊǾŀǘƛƻƴ ŦƛŜƭŘǎ

Å50 deg.2(20Mstars)

Å1obs./95min.(Mjup)

 1obs./47min. (Mnep)

 1obs./15min. (MÄ)

wƻƳŀƴ



12 (6) events with timescale tE<1 (0.5) days

3hours  

M lens mass

MJ: Jupiter mass

D distance

vt: velocity

Einstein 

timescale

3535 /6111 events in 9 years 2006-2014

13 FSPL events (2 FSPL with tE<0.5 day)

~ days for stars
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