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Gravitational Microlensing oL
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Cold Planet Mass Function from Microlensin
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*Sumi et al. 2010
*10 planets, f ocq0-68%0-2

*Gould et al. 2010 [
*6 planets in 13 high-ma SRS
*0.361£0.15 @ g ~ 5x10“Ji

Microlensing -
(normalization) :

dN/(dlogmpxdloga)

» Doppler %,
10° 3 (normalization, slope) h 2

*Cassan et al. 2012 ; LU S
*2002 - 2007 OGLE, PLANET data
2 additional planets together with the above.

Cassan et al. 2012

This work : derive planet frequency beyond the

snow line from MOA-Il observations in
2007-2012 including 21 planets.



M OA (since 199%5)

(Microlensing Observations in Astrophysics)
~(New Zealaqd%John Observatory, Latitude: 44°S, Alt:  1029m )
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BT cep : 80M pix.

’ ¢ FOV :2.2 deg.?

Filter : MOA-Red
GEA)




1elds (~42 deg?)

./ * # of plens alerts
2007: 488 |
2008: 477
2009: 563
2010: 607
2011: 485
2012: 680

=

2013: 668

[ATmin.(Mye,)(25%)

| 3300 events in 6 yrs
/15min. (M) (54%)

http://www.massey.ac.nz/moa




Event Selection

We reject ...
1. Non-microlensing events (CVs, moving objects, ...)

2. Non-planetary anomalies (stellar binary: g > 0.03)
3. Events with insufficient data points

Remaining events are
1471 single lens and 21 planetary candidate events

Single lens
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To derive planet frequency, we should consider detection efficiencies
for planetary anomalies




S : separation
g : mass ratio

U : angle from the axis
px: source star size
Data quality...

S

Detection:
AXQ — X%ingle I X2Binary > 100

£(logs, logg):
Fraction of detections
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S(logs.logg) => S(loga, logm,)

Sum of the detection efficiency
in each event

S(logs, logq)

Mass Ratio, gq

Mass, m, (Mg)
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Bayesian Estimate

* Use t; in each event
 With mass function (Sumi et al. 2011, Table3 model #1)
 With Galactic model (Han & Gould 2003)




Likelihood Analysis

Planet mass function: Likelihood:
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E = [[S(loga,logmp)F(loga, logmp )dloga dlogmp
Expected number of the detection with any given F'
EFexp(—E)

P(k|E) =
k! Poisson distribution, & : # of planet detections




Planet Mass Function (Microlensing VS RV
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Discussion From MOA survey in 2007-2012,

- DR LR Consistent with RV for long
§ 1 il period giants around M
x R AN dwarfs: Bonfils+ 2013,
B
J [ e gNagll® More cold giants than close-
T gy LI e BRI in Jupiters around M dwarfs:
SEITE NN R |ohnson+ 2010
1 | 1IO | 1CI)O | ”“1“(;00' |

Mass, my (Mg)

Future: to reduce the uncertainties in planet and host star masses
e Statistics of the events with mass measurements

 MOA, OGLE, WISE, KMTNet (2"9 gen. survey from ground)
* WEFIRST



Summary From MOA survey in 2007-2012,

e F= Fo(mp/mo)ar FO — 10-0.67i0.10’
| a=-0.7810.12
DNl © Consistent with previous

M~Mg, a<0.27AU

Johnson et al. 2010 N u enSIng resu S
M~0.5M,, a<2.5AU VX
N
Bonfils et al. 2013
~0.

Bonlestal 2013 * Consistent with RV for long

Gould et al. 2010

M~0.5Mg, a~3xa,,, ]N”J:M 41;: 0AU pe r‘i Od gia nts a ro u n d M d Wa rfs :
Nass, mo (hg) Bonfils+ 2013, Montet+ 2013
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 More cold giants than close-in Jupiters around M dwarfs:
Johnson+ 2010

* Could be difficult to explain by core accretion theory
e Future: Statistics of the events with mass measurements




