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The problem
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Introduction to
Microlensing




Mass bends light

Real star position * Observed star position

White dwart




Gravitational Lensing

Lens/host

Observer

Perfect alignment: Einstein ring




Gravitational Lensing

Lens/host

Observer

Perfect alignment: Einstein ring
Offset alignment: 2 images




Microlensing Observables

* Units: Mg, kpc, mas
* Angular Einstein Radius

Or =~ 3 mas / Mm .

AU AU

Myel = T —Tlg =
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ﬁ P Bl ° Microlensing Timescale

e

Observer E
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* Physical Einstein Radius
e = DIHE ~ 3 AU DIW/MT[I‘el




A single microlens
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Microlensing Observables
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. Solar mass: ~months
Jupiter mass: ~day

Earth mass: ~hour

Dictates survey cadence
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Planetary microlensing




Planetary microlensing:
Image perturbations

Major image perturbation
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Planetary microlensing:
Image perturbations

Minor image perturbation
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Planetary microlensing:
caustics

Caustics separate
regions with different
0.50 numbers of images
Magnification just on the
inside is very high

Can lead to sharp
changes in magnification

—0.20




Lightcur
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How caustics vary with planet properties
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Measuring Planet Parameters
Image perturbations

Credit: Farzaneh Zohrabi (LSU)
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Open Source
Tools:

Measuring Planet Parameters: 2o
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old Exoplanet
Demographics




Measuring exoplanet demographics

No.detected
No.of events X Prob.of detection

Occ. Rate =

No.detected

~ No. expected if 1 per star




Detection efficiency
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Magnitude

Detection efficiency — strong
event dependence

Suzuki+2016

Medford+2023
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Marginalize over parameters

Angle Projected separation
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High-cadence microlensing
surveys — mass ratio distributions

One of the widest FOV telescopes in the World

24 hour monitoring with three telescopes -
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Measuring Masses &
Distances




Mass & distance cf. observables
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See Emelly Tiburcio’s poster #57

Method 1: Lightcurve, finite source
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Method 1: Lightcurve, parallax
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Finite source + parallax

* Finite-source effects Source
(common for FFPs, = e

planets) measures - \

-
___d_.-d'

one prolectloi _ ® Earth

E .
Mass = —— & Distance
RTE

Constant

* Parallax baseline
measures other —
projection ™ =\ 7

See Refsdal 1966, Gould 1994, Gould 2000

Observ




Method 2: Hi-res imaging + time

Proper Motion + uL Timescale
> Angular Einstein Ring Radius
> Mass vs distance relation

O =~ 3 mas \/Wre]
Bhattacharya+18 Lens flux

> Luminosity vs distance
> Mass vs distance relation

my = My(M) + 5log Dy + 10 + Ay (D))o

2 equations, 2 unknowns
> Solve for M & D,

Ok = UrellE
AU AU
TTITEI — l) __ l)l
S

D, =7.05+0.71
M, =0.52+0.05

0.8}

R
-
-
-
-
-
-
-

- -

o

-
-
-
-
-
-
-
-
-

PR
-
-
’/
-

e
o
-

>
-
-
-
>
-
-
o
-

] : ‘ - Terry+2020
3 4 5 6 7 8 9 10
Distance (kpc)




If measurements fail, use models!
__—3) ExplorelSample the \

Bachelet+2024

1) Collect observables ™.

N X= (tg, Vs, Vi, Tex, Tee ) /)”

2) Fit Gaussian Mixture\
\_ Model to observables |
0¢

Likelihood ¥/
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| R A
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p(P), Microlensing
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A modular Galactic population synthesis code
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Where will the hosts be?

Most Known
Exoplanets OGLE-2014-BLG-0124L

°
U . .
oo

Microlensing
Exoplanets

Our Solar System

NASA/JPL-Caltech




Roman’s Distance Distribution

Ness & Freeman 2016
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Population & host mass dependence

Bayesian estimates  m——m Model (disk and bulge)
Parallax & FS Model (disk hosts only)
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Free-floating planets




Wide orbit planets
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Free-floating p

Mroz+2020
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Free-floating planet demographics
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Future Surveys




Nancy Grace Roman Space Telescope
Galactic Bulge Time Domain Survey
(GBTDS)
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SURVEY

Project Infrastructure Team

6x72 day seasons

12 min cadence
o years

~1.4 deg?

~200 million stars

~30,000 microlensing
events

~1000 bound planets
~100s free-floating




Roman improves resolution




Sensitivity down to ~Moon mass
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Expected Roman Demographics

Original Image
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Expected FFP Demographlcs
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2025 Microlensing
Data Challenge

[=]

* Alightcurve modeling data challenge is planned
to launch late 2025

* In the meantime, you can learn how through a 5-
chapter Mini-course:
https://rges-pit.org/outreach/

 Can’t wait? Try out the 2018 data challenge:
https://www.microlensing-source.org/data-
challenge/



https://rges-pit.org/outreach/
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Backup slides




Microlensing Event Rate




Mroz+2024
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Microlensing Event Rate

S T et
Number density of sources

X

Fraction of area swept out by
Einstein rings in front of
sources peryear:

2HE.urel
Unit area

[ ~n,
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2
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deg?

['~few x 10 — 1000 deg?yr~1
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Finding microlensing events

Reference Difference




What do we mean by detection efficiency?

Points = planet detectable

5 2 L s B s B L B B B
EGaud|+2OOO : Pdet(s _ 2, q — 10—2) ~ 97%
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Planet Mass [Mo]

See Yiwei Chai’s poster #11

Not just cold exoplanets
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