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With 10 meters KECK telescope and adaptive optics,
Resolving source and lens. Measuring proper motion
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HST : 6.yearsafter the event

Bennett et al., 2015

Len. Source




Detectingsource &ens measuringoroper motion

Relativeproper motion ~7-9 maskr East ‘ ’
Host star mass 056 0.3

Planetmass ~ 13/ jiter Al
Distance P=2.7+ 1.6kpc Flux ratio = 1.76 in H

Projectedseparation~ 2.7 AU

€re 1= 7.39 £ 0.2 maslyr > = 1.28t 0.12 masyr
€rel p= 1.33 £ 0.23 maslyr > = 1.54+ 0.12 masyr
Host star mass: 0.69 + 0.02 M,, Host star mass: 0.6b 0.05 M,
Planet mass: 14.1 £ 0.9 Mg 1 Planetmass: 13.2 1.5Mgym
Distance D, = 4.1+ 0.4 kpc Distance p=4.Gt 0.4kpc

Projected separation 3.5+ 0.3 AU Projectedseparation3.4+ 0.3 AU



COnStral nln@OurCEIEHS pr()per OGLE-2012-BLG—0950Lb Properties With Keck & HST
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Figure 3. Distributions for the Bayesian posterior probability for the planetary and host star mass, their separation and the

distance to the lens. These are shown with only light curve data (blue) and with additional constraints from Keck (red). The
central darker shades represent the 68.3% of the distributions, and the lighter shades the 95.4% of the distributions. The black
vertical line indicates the median of the probability distribution for each parameter
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Observing at KECK, getting youstigtstar right

0b161195/mb16350

ob161195 17 5523.50 -301226.1 2000 Igs=1BLG103.7 dx=39 B=0.26
tt168 17 55 23.7540-30 12 34.971 2000 Rliu =15.04 sep= 9.46 Vo lo = 16.671 14.043
tt169 17 55 22.9460 -30 12 13.943 2000 Rliu =14.72 sep=14.12 Vo lo = 16.291 13.716
tt170 17 55 22.2070-30 12 16.762 2000 Rliu = 15.09 sep=19.19 Vo lo = 17.595 14.094
tt171 17 5522.6010 -30 12 43.830 2000 rmag=13.91 sep=21.22 Vo lo = 14.607 sat b-r=1.18




Where iIs the
source ?




image (on sirius)
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A SubNeptune Beyond the Snow Line of ardiarf

OGLE2016BLG1195LbhVandoroy 2025

Source K=16.44+0.07
Lens K=19.8+ 0.10
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A JupitecSun Analogue Residing in the Galactic Bulge
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MOA2010BLGA4 77

Bachelet+ 2012 : a Jupiterbitinga ~ 0.6 Mo

The hostshouldbe H=1419, detectablewith KECK o
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» : .“ By o8 . ’ . ;
g 5 8
MOA 2016BL&477 jn 2015, K bahd .
NIRC2, laser.guide star,-Wide caméra

1frames expt|me 5 sec, coadd 3 g TR i

i Do not forgetto getenough
AeBTBY p A
If it is end of night,
ok, doyour best..



. », @ VBBi DT Toek 1DIGONBz
. : this, geta propermeasuremertf the sky
MQA 201913Lé477 M 2045 H H band . And point to avoid the bright star at the

NIRC?2, Iasergulde star, Wldg era " south
1 frames; exptlme—5 sec coad

(.\ o\




.

MOA 2016BWGA7 uin 2015, Hysand @
NIRC2, laser guide star, Wid NEe
10 frames, exptime=5 sec, cqapld 3




-~ MOA 201(—)BLG477 In 2015 narrow cam H band
- NIRC2, laser guide star 10 x“30 sec -

1 frame

Stack of 10 frames

If one quadrant is bad,
do notcenteryour target.



2015, H'band
NIRC2, 10 frames, 60 sec

¥

Source

|s it the lens ?
Flux ok
Separation 2x

]
2018, H band
NIRC2, 10 frames. 60 secofls

L

Source

Not the lens !




Whereisthe lens?

Figure 1. H-band adaptive optics imaging of MOA 2010-BLG-477 from the KECK observatory a. A crop of a narrow-camera
H-band image obtained with the NIRC2 imager in 2015 centered on MOA 2010-BLG-477 with an 8 arcsec field of view. b. A 0.36
arcsec zoom of the same image. The bright object in the center is the source. To the north-east (the upper left) is an unrelated
H = 18.52 4 0.05 star 123 mas from the source. ¢. The field in 2018. The contours indicate the likely positions of a possible

12
10 main sequence host (probability of 0.393, 0.865, 0.989 from light to dark blue) using constraints from microlensing parallax and
: lens-source relative proper motion.
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: e B ° AThe hostshouldbe H=1419, detectablewith KECK

\\\
\\\
20 lowerlimithm——. = 0 T~=__
from Tl

D X Keck Detection Limit
“ 1000 1500 2000 2500 3000 3500 4000 4500
Distance (pc)
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White dwarf massluminosity

Blackman et al.

Distancemodulus= 11.5mag Table 1. System Parameters of MOA 2010-BLG-477Lb

Parameter Units Value (£10) 20 range

HST tesearchthe lensat V 2529 ?
White Dwarf Lens Distance Dy (kpc) 1.99 4 0.35 1.31-2.69
White Dwarf Lens Mass M (Mg) 0.53 £0.11 0.32-0.74
Planet Mass mp (My) 1.43+£030  0.87-2.03
Source Star Distance Ds (kpc) T8%+1.3 5.5—10.2
2D star-planet separation a, (AU) 2.8+0.5 1.9-3.7

3D star-planet separation  a (AU) 3488 2.1-12:1
g (1073)  2.61+0.03 2.55-2.67

Mass Ratio
= White Dwarf Host V7, mag 26.92 +1.80 23.38-29.44
§ White Dwarf Host J;, mag 24.83+0.91 22.80-26.41

We candetectit with IWST or ELT.

M/M .



AO observing cookbook, for visiting astronomers

The afternoon before observations, double check everything, build scenario of how the night would be knowing tf
weather. This is the moment to think and talk, at the telescope, it will be the action.

Get your finding chart right before the observations, choosdiltiigtars, learn your field and your target
- choose also your fields for taking the sky.

- If laser cannot be used, have your natural guide stars.

-For your dither pattern, do not take too big steps, few arcsec

- Personnally, always series of 5 images. Example, NIRC2 Camera Narrow coadd 3, 5 images of 60 sec at each
dither, and 5 dither, by 1 arcsec.

If you are at the telescope, be ready to adjust strategy as a function of your targets.

- If I can do 80 mas images, | do the target where | do need 80 mas, not the one where | need 50 mas.

- If I need 50 mas, | wait to have 50 mas no matter how cool my target is.

- Rule of thumbs, it will take yourB0 min to arrive to new target, acquire the laser etc Yo
- You usually start with thtilt star, close the loop and offset to target. \& AW
- Do check that indeed, you really offseted to target.

Ly 20KSN¥2NRa> R2 221 0 @2dzNJ AYIF3ISE& RdzNRAy 3

I Olj
- Make sure you have enough images to get your science out. If not 100 % sure, just spend a bit more-ti




AO data reduction comments

The Keck AO ImagingA) data reduction pipeline

or

Using flatfielded/dark subtracted data from KECK archiv@em&made pipeline

Some tools : &tractor (source extraction), Swarp (stack images), wcstools, gaia, Daophot

- Make sure you have identified the right target in the field (more tricky than what you would think)
- Using Vista 4m telescope data for calibration (VVV)
- Extra care in choosing calibration stars

- Variable PSF in AO field, different from observing run to observing run.
Aperture photometry to start, to measure fluxes.
Calculating PSF models to resolve source/lens (daophot + others)

- If you measure flux excess at the position of the sourcepper limit on the flux of the lens. |4
- Companion to the source, companion to the lens, chance allgned stars ? |

hd Pay Ve ~ o Ve

LT é&2dz RSGSOG | tSya OFYyRARIFOSX R2dzofS/‘~



https://keck-datareductionpipelines.github.io/KAI/
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Multi-conjugate AO (MCAQ)roviding auniform correction
2O0SNJ | I NEISmodeHapetw-high Stields EIR




MICADO (ELT) OSIRIS Imager (Keck II) | GMTIFS

Telescope ELT (39 m) Keck Il (10 m) GMT (25.4m)
Wavelength 0.8¢HPm > 10¢cHPm > 10¢cHPm >

: 4 mas/pixel (wide), 1.5 : :
Pixel scale mas/pixel (HR) 20 mas/pixel 5 mas/pixel
Field of view p ndxp n ®p O ARBGM N Pn Hndn EHnon
Detector Oxl nwD M™Mpixpp n 1024x 1024 Hawaiil 2 xH4ARG (16.81pix)
AO MORFEO MCAO / SCAO Keck NGS/LGS AO

. 0.5¢2 masafter distortion

Astrometry 94 p ras design goal calibration 10@¢o n ras >

Diffraction 14 mas (3.5 pix/FWHM) 55 mas (2.7 pixlFWHM) 22 mas (4.2 pix/lFWHM)
limit (K)

Typical useful 30¢60% (expected) 15¢40%,depending on 60¢70% (expected)
Strehl conditions
MORFEO MCAO/SCAO Keck NGS/LGS AO LTAO or NGS AO

MICADO ELT versus OSIRIS KECK
4x sharper image$x finer samplingor 13xin the astrometric mode),
2.5xlarger linear fieldabout6x the area)~15x greater collecting area

9[ ¢ Aad LISNFSOUO (2 Kdzyd F2NJ 2KAUGS 56 NF fSyasSs
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