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High angular resolutions: $ examples

e Detection lens flux without resolving lens/source

e Resolving source & lens, measuring rel proper motion




Getting physical parameters

Mass ratios & projected separations are well known

e Mass ratio g = Mp/M-+
e Planet/star separation in BEinstein Ring radius units

e Timegcale tr

We need mass-distance relations to get physical



Ogle KO14-BLG-124:
ground- opitzer parallax
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Well constrained Parallax,
pbut no caustic crossing |
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source & lens are aligned

source predicted H=17.04 +0.056
source +blend measured at H=16.95 £0.03, So the blend is H=16.46 +0.06
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Is all the excess light coming from the
lens ¢

Study by Naoki Koshimoto and Virginie Batista.

Flux excess 18 an upper limit.

Within 100 mas, several scenarii. Which one is the more probable:



Lens (total = 1)

Lens companion (total = 0.12)
Source companion (total = 0.34) ]




Probability

0.8

0.6

Potential contributors to Keck measurement

T T T T T

Lens (total = 1)

Lens companion (total = 0.11)
Source companion (total = 0.33)
Ambient star (total = 0.05)

84.6% Lens

8.3% Lens companion

6.3% Source companlon—
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Most likely,
80 % of the excess light is the lens

This work

Udalski et al. 201

3000 4000 5000
Distance (pc)

If 100 % of the light is the lens:
Host star mass: 0.91 £ 0.06 M,

Planet mass: 0.65 + 0.04 M

Jupiter

Host star mass: 0.80 £ 0.20 M,
0.74 + 0.20 M,
Planet mass: 0.65 +0.18 M
0.83 + 0.16 My pster
Distance D;: 4.92+ 0.69 kpc
425+ 0.78 kpc
Prqgj. separation: 4.16 £ 0.46 AU
5.15 +0.47 AU

Jupiter

Host star mass: 0.89 +0.06 M,
Planet mass: 0.64 + 0.04 M
Orbit: 3.48 £ 0.22 AU
Distance: 3.6 + 0.2 kpc

Jupiter



MOA-2013-BLG-220, a - :
massive gazous planet E* * .

Mass ratio 3.01 £ 0.02 10-3, s _f_ ;
good Einstein ring radius 0.466 £ 0.005 mas . .

(Yee et al., 2014) b

- .

- 5 arcseC

If all the light is the
Lens, then

Mass : 0.96+ 0.07 Mo
Distance: 6.556 0.6 kpc

0.2
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A sub-Saturn orbiting a K or M dwarf ¢

Before: Mags 0.38 + 0.8 Mo ; Distance 6.1 + 0.3 kpc Mp ~ 50 Mearth

After: Mass 0.82 + 0.05 Mo ; Distance 6.9 £ 0.3 kpc ; Mp~ 108 MEarth
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OGLE-2015-BLG-9606,
excellent Spitzer parallax

Cold Neptune orbiting a 0.48 Mo, at 2.6-3.5 kpc (Street et al., 2016)
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Detection of the blended flux at K

Y. Schvartzvald.

Henderson &

KECK obgervations by C.
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source + blend, H=16.92
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H=20 to source/lens

A companion at







Let’s take a deep breath

Ag you can see small errors on the color, extinction, AO measurements
hags a significant consequences.

So let’ s be cautious, do parallel analysis of the same data by 2 groups.




From time to time, it seems to work just fine !
OGLE-2013-BLG-132
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Lens distances with high angular
resolution observations constraints
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Distribution of lenses, preliminary

Well measured distances m—) systems associated with spiral arms or bar




OGLE-2005-BLG-169LDb : Resolving source & lens

With KECK, detecting the lens in 2013
Measuring proper motion

Batista et al., 2015
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o .

.
. o . Sep =61.2 mas

. Flux ratio = 1.75 in H band




HS'T : 6.0 years after the event

Lens. Source
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Detecting source &e lens,
measuring proper 1maotion

Gould et al. 2006

Relative proper motion ~ 7-9 mas/yr
Initial paper  Host star mass 0.5 0.3 Mg
& preductions Planet mass ~ 13 M,

Distance D, =2.7 + 1.6 kpc
Projected separation ~ 2.7 AU




MACHO-95-BLG-3.

a free-tloating planet ¢
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Figure 2.  The dual-color light curve of event 95-BLG-3 during the 1995
Galactic bulge season and a close-up of the light curve showing the lens fit.



MACHO-9o0-BLG-4

20 arcsec : 4 arcsec




S companions, 0.0, 0.4, 0.5 arcsec

With Marie Ygouf, CALTECH
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What we need in papers

e Source flux I and colour V-1, with errorbars.
e Source distance and extinction, with errorbars.
e [fH band data available, give estimate of source flux in H,

with errorbars.




Observing cookbook

Adaptive optics on 8m+ telescope (KECK, SUBARU, VLT, GEMINTI)
Natural Guide Star or Laser Guide Star

Dithering, but not too big steps ( few arcsec max)
Take sequence of images at each dithering position
Do not hesitate to overkill (a bit) prediction of the exposure calc




T'o keep in mind

e [mportant to be cautious with high angular resolution.

e Measuring fluxes in AO, ok at 6% level, from time to time K%.

e Unregolved Souree/lens Procedure to estimate Gomammatlon by



Conclusion

High Angular Resolution observations :
* Detect flux aligned with the source (AO) @Q
* Measure source-lens relative proper motion @6
- resolving source and lens with AO Qﬁ,\/
- measuring variation of centroid of PSE FIRST, HEuclid)

B q







