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<If alens is a star,
elongation of images is an
order of 100uarcsec.

<rJust see a star magnified

observer - , : : , . :

distortion of space due to gravity

amplification
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A |
2000 2020
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planetary microlensing

-

Observer

400

Time scale: t,~M"2~1day(M,)

Amplification
200

Rare and short but not weak!

Sensitive to Cold planets 15
outside of snowline (~3AU) JD—2450000
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How to detect/miss a planet orbiting a microlens star
Magnification map at lens plane

0.10 mass ratio q = 0.002
i separation d = 1.2

low-mass planet signals
are rare and brief,

pbut not weak—>

Need large sample with
moederate precision and
High cadence




Microlensing Target Fields are in the
Galactic Bulge

Microlensing event rate : events/yr/star
Planetary event :

=» need Wide Field for Many stars

: >
2RO L GICA

. da .'|>
1-7 kpc: *

Time scale ~ 30days (Mg)

- (MJup)
(Me)

-> need high cadence




Microlensing observation global network

Survery Follow-up

OGLE (Optical Gravitational M'IIV F-UN Y _
Lensing Experiment) icro .

(Microlensing )
1.8m / Follow-Up Network) R nomaly

Network
RoboNet-1.0

—a r. . MINDSTEp 3 ‘5

v“-' S Ay e
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MOA (Microlensing
Observations in Astrophysics)

1m-class including
30cm armature telescopes




(Microlensing Observation in Astrophysics
( New Zealand/Mt. John Observatory, Latitude: 44°S, Ait:  1029m )
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MOA (uni ~1500)

d largest bird in N2)




MOA-I11.8m telescope

(New Zealand/Mt. John Observatory at NZ, 44°S )

Mirror : 1.8m (F=2.91)
CCD :8k x 10k pix. (MOA-cam3)

FOV :2.2deg.?
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MOA-cam3

CCD : 8k x 10k pix. (10 E2ZV CCD4482)

Pixel size: 0.58 arcsec/pix (15um)

FOV : 2.2 deg.?
Read out : 32 sec




50 deg.?(20Mstars)
G.C.

B

obs./night.(>M;)
obs./95min.(M,,)
obs./47min. (M

obs./15min. (M)

=>~  events /yr
ht 0://lwww.massey.ac.nz/~iabond/alert/alert.html

nep)




Difference Image Analysis (DIA

Observed subtracted




5.5 Earth mass:OGLE-2005-
Sep~3AU BLG‘390
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Light Curve of OGLE-2005-BLG-390
The smallest Planet ! )

ESO PR Photo 03b/06 (January 25, 2006) © ESO ks
(Bezaulizu et al. 2008, Nature 4%




Survey & follow-up from Ground
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planet distribution & Sensitivity

Exoplanet Discovery Potential
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Summary of Planet candidates

Exoplanet Discoveries vs. Snow—Line
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SEpler

theory. (Ida & Lin, 2004)
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Planetary abundance by

ground base observation
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1.2 planet per star outside of snowline
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Free-floating rocky planets may In 2414, the USS rosenante found

have |iquid water, the rogue planet Solyon




10 events with timescale t-<2days

timescale:
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10 events with tz< 2 days from 2006-2007

(events 1, 2)
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10 events with tz< 2 days from 2006-2007

(events 3, 4)
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10 events with {z< 2 days from 2006-2007

(events 5, 6)
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10 events with {z< 2 days from 2006-2007
(events 7, 8)
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Timescale t¢ distrib

abundance :~1.8 as common as stars
Mass - ~Jupiter mass

Power-law: w/ PL Known objects 4f4events—
— — -Power-law:w/o PL AT
-- Power—law: PL
—Log—normal w/ PL
- — —Log—normal:w/o PL
Log—normal:

=1.8"IN

star

= 1.1 M,

N planet
M

planet

rown dwa\r/}/h'te dwarf ‘

."NeUtron sltaf*.

-Black hole ",
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Formation Scenarios:

formed on their own through gas cloud collapse similar to
star formation (sub brown dwarf) ‘

Hard to form Jupiter-mass objects

e

Planetary-mass sub brown dwarf can explain %“, 1

3
only 1 or 2 short events. ' - ,#
Abrupt change in mass function at o ' ‘ &
Jupiter-mass do not support this scenario. W :

‘4 e

2. formed around a host star, and scattered out from orbit

Hot Jupiters orbiting hot stars have high obliquities (winn et al. 2010, Triaud et al. 2010)
> zviderice of gravitionzl inigreciior)
Hot Jupiters are alone (Latham et al. 2011)
2> zvidence of gravitaitonzl intaraction)
No desert for short-period super-earths (Howard et al. 2010)

Period [days]




Next generation 24h survey network

Namibia telescope (plan) Namibia (H.E.S.S. site)

D: _1-5m 4 Altitude 1800m
FOV: 4.8deg April-October clear night: 86%
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KMTNet (Koreé Microlensing Telescope Network' o
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Increase the planet detection to >20planet/yr without follow-up




Space vs. Ground Sensitivity

Exoplanet Discovery Potential
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TAOALIARNBERERE
by WFIRST :

Recommended by ASTRO 2010

73X
O E2 8 Decadal report

REF: 0281/ E
A<2um

Wide-Field Infra-Red Survey Telescope

0.1 05 1
Semi-major axis in AU

® - 3000._bound exoplanets with ~200 w/
®-2000 Free-floating planets with ~100 w/

<
<




Detector Sensitivity

Detector QL Comparlson
| | | |

! : ! Reddened star 4
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The spectrum of a typical reddened source star is compared to the QE curves of CCDs
and Si-PIN detector arrays. The HgCdTe detectors developed for HST’s WFC3
instrument can detect twice as many photons as the most IR sensitive Si detectors
(CCDs or CMOS). MPF will employ 35 HgCdTe detectors. 3 filters: “clear” 600-1700nm,
“visible” 600-900nm, and “IR” 1300-1700nm.




Optimize observation fields by
mapping the microlensing event rate

 WFIRST

(Sumi et al. 2013)




Summary

<> 1.2 planet per star outside of snow line.
(more than two bound planet per star with kepler.)

<> Free-floating planets are 1.8 times as common as main
sequence stars (at least same order). [hey inform us not only
the number of planets that survived in orbit, but also planets
that formed earlier and scattered.

important for planetary formation theory

will detect, (in a 500 day survey)
® -3000 bound  exoplanets with ~200 W/ M < 1 Mg,
® -2000 Free-floating planets with ~100 w/ M < 1 M

complete statistical census of exoplanet which Kepler started
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