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UNBOUND OR DISTANT PLANETARY MASS
POPULATION DETECTED BY GRAVITATIONAL
MICROLENSING

Sumi et al. 2011, Nature, 473, 349-352
arXiv:1105.3544v1

AHEXE CREIM1 #AKEX




Al

)
7

Jb

(=

BHTA47O0L2XEMOA

DANUE

Background events
Detection efficiency
Unbound or distant planet

[?Jilh E@ﬁ/ﬁz
FED




S h<4o7aL X ElE

lmli

AEFEEEDFERETE-~2BTHS

Rp(M., Dy, D) 4G U Di( D, — f)]u
?'].j — , where Jrf'| —*\ D

t




MOA-II

« FA=5MOA (microlensing
observations in astronomy) 7' JL—J T
[F=a2—Y—52FDMt.Iohn XX &2
HAOERDERRZRAWNTEAZLTL
%

o ERAIBILARUNILD)ERINTESY
E(LMC,SMCO)Z&BILTRY . $FICE
REBEWVWTWANIILARTIIEED
BULVI4—ILRIF20 [c—EE AL TL
73

—SCOFWRAFEICLY, RETE
BEOEVLXEODHXRCAREIZES




SEINFHEREA AN K

Light curves of event MOA-ip-3 and event MOA-ip-10.
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MICROLENSING BY HIGH VELOCITY
STARS AND GALACTIC HALO
STELLAR REMNANTS
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DETECTION EFFICIENCY
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Te DISTRIBUTION
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LIKELIHOOD CONTOUR
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Power-law : My, = 1.1*12 . X103, @, =0.49*013 . KU N/N.=1.9*13 .
Log-normal : My, =0.83"12, X103, @, =0.46%013 . KU N/N.=1.8*17




UNBOUND OR DISTANT PLANET

Gemini Planet Imager
(Lafreniere et al. 2007) [Z &k U
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PARAMETERS OF 10 SHORT-TIME
EVENTS

D field RA Der, Nm hp tE Iy Amax jrh- flmiu
)0 ) () (R mag) (g

MOAdpl bl 174624506 -34:30:36.82 9 383UITL 073 £0.08 002840003 356 197 70
MOAdp2  gbdd 175234043 30541425 28 422388851 049£010 040040212 26 179 33
MOAdp-S  gb37 17543832 -20382068 170 4295.34720 188 £0.12 0911+£0.09 14 172 36
MOAdp4  gb38 17424543 -20:13:2939 81 3J06L3B803 148 £0.12 02710061 38 192 3l
MOAdpH  gh%2  IT5TATO08 -20:023359 69 4169.60907 162£069 01260159 80 192 24
MOA- 1}}& obO4  1T50:00977 29812470 27 418049214 178 £024 049940122 22 183 48
MOApT  gb%5  IT5T36.678 -20:59:4052 51 43706949 182+ 087 014340125 70 194 52
MOApS  gb%5 17094877 30042404 47 401314052 136 £0.15 0103+ 0016 98 188 48
MOA4pY  gbl0-5 17:57:52952 -2816:56.60 16 391081772 096 £ 021 0.163+£0.058 62 195 34
MOAGp-10° gbl1-0 1809:00076 -3218:39.91 21 393299205 L19£0.04 0032+ 0000 308 188 150
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level criteria conmunents
cutl  Nypeor = 3 Number of frames in which the object is detected.
cutl Ny, = 500 Number of data points
Nowt = 10 Number of data points outside of the 120-day window
i, dof <3 v? outside of the 120-day window
Noump = 1 Number of bumps in the window, where a bump

has = 3 consecutive points = 3¢’ above baseline
Yar = 25 (F;, — Faee) /ol = 80 Total significance of consecutive points with = 3’

cut2  fitting converged Fits never converge if parameters are degenerate
2 /dof < 2 v? for all data
vi/dof < 2 v for [t| < tg
va/dof < 2 y? for |t| < 2ig
0.3 < tg < 200 days Einstein radius crossing timescale
T/ te = (L5 Error in g
T = 12 days Error in tg
GE24 <ty < 4420 0D Peak should be within observational period
g <~ 1 The minimum impact parameter
Ty = 0.3 Error in 1wy
I =< 20.0 Apparent f-band source magnitude
(Fe — Feat)/ Feat < 3 Source flux should not greatly exceed catalog flux
Yar = TON,, -500 Exclude systematic residuals (depending on

total significance)
Yar = 45N4, OR Ny, < 2 same as above




BACKGROUND EVENTS

. Cosmic-ray hits
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Fast moving objects
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. Cataclysmic variables (CVs)
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. Background supernovae
~ EXMAUREHRETH Y. AR08 UL
. Binary microlensing events
-
. Microlensing by high velocity stars and Galactic halo
stellar remnants
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