HARVARD-SMITHSONIAN
CENTER FOR ASTROPHYSICS

Precursor Science for WFIRST's
Microlensing Program

Jennifer C. Yee
Sagan Fellow



What is Unique
About WFIRST/AFTA?



What is Unique
About WFIRST/AFTA?



12lllIlllllllllllllllllllllllll

14 .
A
Q _E 16 m
c
)
<
a0
—
(an) L]
18 -

Time

20 1 1 1 I 1 1 1 l 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1
4350 4352 4354 4356 4358 4360 436 4384
HJC!

.
»
|




Mass Ratio is the Primary Observable

Observable
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Mass Ratio is the Primary Observable

Observable
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We must measure the mass of the lens star
to measure the mass of the planet.




3 Ways WFIRST will Measure Lens
Masses

1. Lens Flux
2. Microlens Parallax
3. Astrometric Microlensing



Astrometric Microlensing
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Astrometric Microlensing
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Astrometric Microlensing
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Astrometric Microlensing

1 5T The measured motion
g of the light centroid as
1.0F a function of time gives
: a measurement of the
0.5 3 / % source-lens relative
: _.e.. 0V |proper motion.
0.0t Q.)'Li’ _
- . Na—V L W ~ -—% , 1
-0.5} Direction > U 0 ;
-1.0F .
-1 5 3

-2 -1 0 1 2



Optical HST Imaging

An immediate, optical HST
survey of the WFIRST fields
will allow proper motion
measurements for 22% of
WFIRST stars = Direct
verification of WFIRST
microlens astrometry.

Reliable microlens astrometry measurements are vital to
measuring planet masses with WFIRST.




Optical HST Imaging

Colors of stars in WFIRST
field 2 temperature,
extinction, metallicity

WFIRST relative
astrometry + GAIA
absolute astrometry +
HST colors = Detailed
structure of the galaxy




Gould 1994 AplL, 421, 75



/ \
/ A
3 0m RRRRRNRRRRRRRRRRRRN
c 2'5___ T
O - —
e
5 F -
= 2 — —
c —— —
o _ _
(EU - e
1.5:_ _- '—-‘\\ —: \\
__Z-~ GSatellite "~ ] \
sinifEEn Il N N

30 40 50 60 70
Time at Earth (days)

Gould 1994 AplL, 421, 75



Residual (mag)
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Udalski et al. 2014, ApJ, submitted, arXiv: 1410.4219



AQO Observations

High-resolution imaging of known microlensing events
can directly measure the lens flux (and mass).

CTIO Magnified CTIO Unmagnified Keck AO
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Batista et al. 2014, ApJ, 780, 54



Microlens Astrometry of Black Holes
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Measured distances can be used to
probe the relative frequency of
planets in the bulge and the disk.




Ground-Based, Near-IR, Microlensing
Survey

Tentative
WEFIRST field
based on our
current
understanding,
extrapolations,
and
assumptions.
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Extinction map: Gonzalez et al. 2012



Ground-Based, Near-IR, Microlensing

Survey
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Major Observational Programs

* Directly support WFIRST science and reduce its scientific
risk:

— Early, optical, HST imaging of the WFIRST field

— A preparatory, ground-based, microlensing survey in
the near-IR

* Develop techniques for measuring (planet) masses:

— Satellite parallax observations using Spitzer, Kepler,
and TESS

— HST or AO flux measurements of lenses in ground-
based microlensing events

— Measurements of microlens astrometry for black
holes



SAG 11 Report: arXiv:1409.2759
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