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Prehistory

MACHO LMC-1
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Prehistory
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Prehistory

MACHO-98-BLG-35
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Prehistory

MACHO-98-BLG-35

MACHO 98-BLG—35 peak lightcurve
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OGLE-2002-BLG-055

MACHO-98-BLG-35

Prehistory
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Prehistory

MACHO-97-BLG-41
First circumbinary planet!!
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Prehistory

MACHO-97-BLG-41

M => Rotation in a Binary Microlens
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The first microlensing planet

OGLE-2003-BLG-235/MOA-2003-BLG-53
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The first microlensing planet

OGLE-2003-BLG-235/MOA-2003-BLG-53

Model parameters
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The first microlensing planet

OGLE-2003-BLG-235/MOA-2003-BLG-53

Model parameters Host star identification using HST
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2"d microlensing planet - alert and follow-up

OGLE-2005-BLG-071

T | T T I T |
15 — | 5 TT TT _: T —
ro15 15. -1 =
i - 15 . 1
i I A B ]
[15.5 / ! 81.95 82 B2.05
16 _— [/ ]
L _ \\ -l o |
16 — -
3479 3480 3481 a4a2 3483
@ 17
=l
=
=
=
=T}
o
E
T
it i
- _____,_,a-"d-
L __,L,_,----"'[:-::l.-' (Chile)
= uFUN (Chile}
19 UFUN (Farm Cowve, NZ) |
LFUN (.-'iul:klnnc], '\}".:l -0.1 iy IT
(MDM) .r
0.15 ! -
PLANET (Cancpus) Edo ITO'IGIE L IO o
20 i | | -0.05 0 005 01 015 02 |
3440 3460 3480 3500

HJD - 2450000

Udalski et al. 2005




2"d microlensing planet - alert and follow-up

OGLE-2005-BLG-071

Model parameters

te 711d] L A j\

q 7.1 /6.7 x1073

3479 3480 3481 3482

3483

17

s 1.29 / 0.76
Wide / Close E ol
Central caustic : e
X Y SN A A AR AR W ‘[’““I‘ (TI“’L“) 7 |
L !i ] r u\ (.-‘\Iul:klixnc'l',.:\'.
o= A T - {DM
’ I r' 00 |- PLANET (Canopus) AT TR e i
—0.05 = I 0.01 | oponet (faulkes Forth 008 0 005 0.1 015 02 |
| | 3440 3460 3480 3500
o1 b Tl O HJD - 2450000
[ |-0.01 &
~0.15 | I )
; {I ~0.02 Udalski et al. 2005
_I 1 I 1 i 1 I i1 I 11

-0.05 0 0.05 0.1




2"d microlensing planet - alert and follow-up

OGLE-2005-BLG-071
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2"d microlensing planet - alert and follow-up

OGLE-2005-BLG-071

Model parameters
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2"d microlensing planet - alert and follow-up

OGLE-2005-BLG-071
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Super Jupiters around M dwarfs

~20% of microlensing planet discoveries !!

Event Host mass | Planet mass | Bayesian Discovery Ref.
(Mo [Mj] estimate?
OGLE-2005-BLG-071  0.46 + 0.04 3.8+ 0.4 Udalski+(2005)
OGLE-2012-BLG-0406  0.44 +0.07  2.7340.43 Poleski+(2014)
MOA-2011-BLG-322 0.391943 11.61334 Yes Shvartzvald+(2014)
OGLE-2008-BLG-355 0.37X939 4.6%37 Yes Koshimoto+(2014)
OGLE-2015-BLG-0954  0.33 + 0.12 39+ 1.4 Shin+(2016)
MOA-2016-BLG-227 0.29%943 2.8%12 Partial Koshimoto+(2017)
MOA-2009-BLG-387 0.191939 2.6772 Partial Batista+(2011)
MOA-2010-BLG-073 0.16 + 0.03 11.0 + 2.0 Street+(2013)
OGLE-2013-BLG-0102 0.096 +£0.013  12.6 + 2.1 Jung+(2015)

OGLE-2012-BLG-0358 0.022 + 0.002  1.85 % 0.19 Han+(2013)




Super Jupiters around M dwarfs

~20% of microlensing planet discoveries !!




3" microlensing planet

OGLE-2005-BLG-390
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3" microlensing planet

OGLE-2005-BLG-390
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4™ microlensing planet

OGLE-2005-BLG-169
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4™ microlensing planet

OGLE-2005-BLG-169
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4™ microlensing planet

OGLE-2005-BLG-169
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4™ microlensing planet

OGLE-2005-BLG-169
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4™ microlensing planet

OGLE-2005-BLG-169

Physical properties o 7 R R L

L. OGLE (Chile)

I uFUN (Chile) —
14 i 1 L ﬁe_lustic _
Mptanet 13.2 % 1.3[Me) e\ =1
% [ o o o ()
a
a, 3.4 + 0.3[AU] 3
o©
g

Myost  0.65 + 0.05[Mg]

18

2
Keck — 8.2 years after the event o0 f IR
T —0.02 F + =
‘% 0 NPT W\ S— ] ’o;}’:T* ........ =t L_
= 0.02 ‘b=l.019 q=8x10-* a=118‘_;
0.04 F -

I 1 1 L L L i 1 l 1 1 1
-0.4 ; 0.2 0.4
At [HID — 2453491.875]

Gould et al. 2006

Batista et al. 2015




4™ microlensing planet
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4™ microlensing planet
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...10™" microlensing planet
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10t microlensing planet
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10t microlensing planet

Exoplanet Discovery Potential
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10t microlensing planet

Exoplanet Discovery Potential
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10t microlensing planet

Exoplanet Discovery Potential
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10t microlensing planet

Exoplanet Discovery Potential
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10t microlensing planet
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Exoplanet Discoveries vs. Snow—Line
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Two planet systems
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Two planet systems
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Two planet systems

OGLE-2006-BLG-109

Model parameters Solar system

my -3 m; -3
/M 1.35 x 10 ]/M@ 0.96 x 10

Mo/ 036 S, 030

LA
OGLE 1
as uFUN Auckland -1
;‘4 Ay
N uFUN VWise

] L
i. uFUN CTIO H
/_,_: . uFUN Mt. Lemmon

2 7l '* uFUN New Mexico _|
1 uFUN Farm Cove -

a a;
Lb /aJ_,c 0.6 j /as 0.5

h: PLANET Canopus -

Gaudi et al. 2008

I magnitude
o
[

\™ \\

= o " R ~y
OF k™ i

1 | S T ¢ l £k S ls 1 1 1 ) FT— ) 1 I 1 13

3820 3825 3830 3835
HJD-2450000.




Two planet systems

OGLE-2006-BLG- 109
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Two planet systems
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Two planet systems
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Two planet systems

OGLE-2012-BLG-0026

Han et al. 2013
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Second generation microlensing surveys
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Second generation microlensing surveys
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Second generation microlensing surveys
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Second generation microlensing surveys
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Planets in Binary-star systems

OGLE-2013-BLG-0341
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Planets in Binary-star systems

OGLE-2008-BLG-092

Circum-primary planet

4 Myranus at = 18 AU orbit
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Poleski et al. 2014

I [mag]

-0.02 £

2008 I 2009 2010
S e e e e e

L | \ |
13.2 r .‘"‘ ] ! |
L 137 - ."‘ "‘.‘ 4 ‘i

134

13.6

138 -

0.02 E




Planets in Binary-star systems

OGLE-2007-BLG-349
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Planets in Binary-star systems

OGLE-2007-BLG-349

Two planet system Circum-binary planet
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Planets in Binary-star systems

OGLE-2007-BLG-349
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Planets in Binary-star systems

OGLE-200/-BLG-349
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Spitzer as microlens parallax satellite

OGLE-2014-BLG-0124
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Spitzer as microlens parallax satellite

OGLE-2014-BLG-0124
Finding Planets With Microlensing

Astronomers use a technique called microlensing to find distant planets in the heart of our
galaxy, up to tens of thousands of light-years away. This infographic illustrates how NASA's .
Spitzer Space Telescope, from its perch in space, helps nail down the distance to those planets. s .. pass in front of

®
A microlensing event occurs when a faint star passes in front of a distant, more visible star. The ® dlSta ntstar
gravity of the foreground star acts like a magnifying glass to brighten the distant star. If a planet b (seen by telescopes)
is present around the foreground star, its own gravity distorts the lens effect, causing a brief dip - S

in the magnification.

Foreground star & planet... Y

(not seen by telescopes)

The great distance between Earth and Spitzer helps astronomers determine the distance to the
lensing planetary system. Spitzer can see lensing events before or after telescopes on Earth, and
this timing offset reveals the distance to the system.

Spitzer sees Ground-based telescope
planet microlensing | . sees planet microlensing
event first 5 event later

Distant Star

Spitzer is about 40% , .
farther from the Earth than 5 R Plahet causes f:hp in
the Earth is from the sun magnified star brightness

e

Udalski et al. 2015




Spitzer as microlens parallax satellite
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Spitzer as microlens parallax satellite

OGLE-2016-BLG-1195
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Spitzer as microlens parallax satellite

OGLE-2016-BLG-1195

Physical properties
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Spitzer as microlens parallax satellite

OGLE-2016-BLG-1195

Physical properties

2 O I

e Spitzer
L o KMT SSO
J.E) r o {

Mplanet 1-43t8:§§ [MGB]

a, 1.16%J15[AU]

Mhost 0-078t8:8%g[M®]

HJD-2450000

Shvartzvald et al. 2017




Planet formation around ultracool dwarfs

Payne & Lodato (2007):
Core accretion models

around 0.05M, star

Observationally

challenging...
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Microlensing planet discoveries vs. year
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