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Magnification

What can be directly learned about
the planet from the light curve?

Key scale: Einstein radius
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How do we get host/planet mass and distance?

5000 5050 5150

51
HID 2450000

L4 4 4 4 4 24 4 4 4 4 4 2 2 2 1 24 1
&4 4 4 4 A A A A A A A 4 4 A 4 4 A 4 4 4 4 4 4 4 4 4 4 4 4 . ‘
: 3_I3_l L BLNLLELERLE N e T T : F I !:Il:lim:ekl:ndl ] :
L sF = F w i
) I F OGLE HE y 14 i
) o T > f ey 1 |
3 F2F i . [ E i ew s ]
) 250 ] : S q o F  LaPuN Farm Cove
- o C 2] E Planetary ~ — "g F MoA 1 ¢ OGLE—2005-BLG—071 q
[ ] [ 1 v = ] 1.3 - deviation H ) 2 r PLANET Canopus 1 P L S B w s e B |
[ = T T B SR T R = | ) 515 |- 9 ¢ i oif 17 q
) % 2 ~1,000 0 95 10 10, 1 q ys | 5 1 @ % o ER
b5 [ ] ) — | } 1 @ ! S o fr=———1]
PEF ous - bansn 2 Y I N L i
] 15 © Robonet e Perth ] @ 9 F 1 - '*!,I ] €. Y . ER M
b " - Canopus “woa 3 ¢ > b L M ¢ v I
] L 1 d ‘L ) E .3t 1 @oes 1 |
] L 1 (¢ s "‘ . PR | A | ] "‘ & HST First Epoch q
) L S T S AT S S S A a—n R Moa-z009-pf) 3820 3825 3830 3835 d .~ | - :
o e HJD—-2450000. == i
) 20 0 20 aer - D oo o o A M
: Days since 31 July 2005 UT : P » - i d F s b E 1 q
Y Y Y Y Y YV assassaaaa asaaa as] ¢ : : L1584 F E 1 d
) 4 0 :::: E 1 4
4 :6(‘ e 4 ‘ : oo Y q
L1, 2479 ) 0 e, ap2, e ]
D I DI : 3440 3460 3480 3500 3520 q
13 1 r < HID' = HID — 2450000 q
' 1 1 b 1 . ?------------------‘
. 5040 5045 5050 ‘ : -
] HUD - 2450000 q » d
[P ¥ VY VY YV Y VYV Y Y ¥ Y LYYV V- d
| 4 q
D q
[ d q
< a

?

p’

oroj 1N AU

to know lens mass M
and physical size of Einstein
radius r;




Ruler 1: Sour

ce Star Angular Size

* Angular size of the star can be derived from its de-reddened

color and magnitude (A

lbrow et al., 1999; Yoo et al., 2004)
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Finite-source: Angular Einstein Radius (High-mag)
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Finite-source: Angular Einstein Radius (Binary/Planetary)
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Ruler No. 2 on the observer plane

* Microlens parallax:
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Ruler No. 2 on the observer plane

* Microlens Orbital parallax:
Earth orbit as the ruler:
Measuring Projected Einstein radius on the observer plane
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Ruler No. 2 on the observer plane

* Microlens Orbital parallax:
Earth orbit as the ruler:
Measuring Projected Einstein radius on the observer
plane
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Parallax + Finite Source
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MicroFUN

From Jennie McCormick, Farm Cove, New Zealand



Fun with multi-site observations
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Terrestrial Parallax
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log(Magnification)

OGLE-2007-BLG-224, An old thick-disk brown dwarf
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Space-based Microlens Parallax

Microlens Parallax Observations of OGLE-2005-SMC-001

NASA / JPL-Caltech / S. Dong [Ohio State University)

Dong, S., et al., 2007, ApJ, 664, 862

Spitzer Space Telescope ¢ IRAC
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Seeing the lens with high-res imaging

* F|UX = I:source XA+ I:blend

— Fiieng: LENS + Other stars in the PSF (~1”) <-> Bulge
Field is very crowded!

— High-res imaging is needed
* Hubble Space Telescope
e Adaptive Optics in IR from the ground (Keck, VLT)

e Constrain brightness (and color) of the lens
* 0,0rgm, vields a mass-distance constraint
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Ground v.s. Space

- .: ‘_!
] L .

OGLE s ?‘ i
E

. xﬂ
-

. P
| s B
.




—

22

3

>
&

2

22



16

18

I magnitude

20

OGLE-2005-BLG-071Lb

OGLE-2005-BLG-071

T 1
- ()bse:l'vatory
OGLE
| OGLE
nFUN Auckland
rFUN CTIO
uFUN CTIC

- uFUN MDM

PLANET Cano pu

1 T T
Passband
I

Clear
|

uFUN Farm Cove Clear

s |

T | T

T

o

: TT I T I : -
0.1 -
0.05 49
ofF | JTm———— |
0.05 F -
-/
-0.1 ]
AR R R B R
0 0.1 0.2 4
6./6y

HST First Epoch

ri.::":; -15 :_l LI L N S B B S B NS B B B B BN B | l__:
[ 152 F ! =
. 154 E -
156 | E
— 158 | BV : m
16 APV Y W W M N WO O WO NN N S S N N —
i | | | |347lg | |348|0 | |34?1 | | 34P2 | | 34;83 | | | ]
3440 3460 3480 3500 3520
HJD" = HJD 2450000

Dong, S., et al. 2009, AplJ, 698, 1826

T'E North

-0.5




—

22

3

>
&

2

24



Even marginal astrometry signal!
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The most massive M-dwarf planet?

M—-dwarf (M<0.55 M) Planets by 2009
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Too massive to form easily for M-dwarfs in core-
accretion (Laughlin 2004; Kennedy & Kenyon 2008)



MOA-2008-BLG-310
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* 0,=0.14 mas, i, =1/D,.,.— 1/D = 2.4 uas (M/M,,)*?
* Aplanetinthe bulge? VLT: M, ~0.67 M,, 28

Lens Source




Many years after the event
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Summary

* Extra information (finite-source, microlens
parallax, high-res imaging, etc.) is needed to
constrain mass and distance of the lens (and the
planetary companion)

* Angular Einstein radius is usually measured for
planetary event

* High-res imaging can constrain the lens flux as
well as proper motion
— See Jay Anderson, Justin Crepp & J.P. Beaulieu’s talks



Gould (2010) High-mag sample

Table 1: MONITORED EVENTS WITH MAGNIFICATION A > 100

Name Avax t(HID) te M/M; Method
OGLE-2007-BLG-224 2424 4233.7 7 0.056+0.004 M =0g/kmg
OGLE-2008-BLG-279 1600 4617.3 101 0.64 =0.10 M = Og/rmE

OGLE-2005-BLG-169 800 34919 43 04903 GMabg & tg
MOA-2007-BLG-400 628 43546 14 030755 GMa@bs & tg
OGLE-2007-BLG-349 525 43486 121 ~ 0.4 M = 8g/kmp

OGLE-2007-BLG-050 432 42220 68 050=0.14 M =8 /smge
MOA-2008-BLG-310 400 46564 11 <067+0.14 AO
OGLE-2006-BLG-109 289  3831.0 127 051705 M = B /x7:,A0

OGLE-2005-BLG-188 283  3500.5 0.16 752 GMa&bs & tg
MOA-2008-BLG-311 279  4655.4 0.20° 5 GM@bg & tg

MOA-2008-BLG-105 267 45658
OGLE-2006-BLG-245 217  3885.1
OGLE-2006-BLG-265 211  3893.2

OGLE-2007-BLG-423 157 43203
OGLE-2005-BLG-417 108 3568.1

S|E(RB(S|x=|w




Planet Mass (M; )
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