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The Solar System:
Small rocks inside, gas giants outside
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Solar System — Core Accretion &
Runaway Growth

Ice line
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The Status of Exoplanet Demographics

* Ground-based Exoplanets

Hot Jupiters:
<~1%

e.g., Cumming+1999,
Udry+2003, Gould+2006

Super Earths,
Mini Neptunes, &
Scorched Rocks:
~30-50%

e.g., Howard+2012,
Fressin+2013, ...
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Data from NASA Exoplanet Archive

Kepler, K2, & TESS =

Semimajor Axis in AU

Gas giants:
o ~10-30%
g S \ eg., Cumm1ng+2008
Gould+2010,‘_}w T
Suzuki+201T6 e
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The Status of Exoplanet Demographics

* Ground-based Exoplanets Kepler, K2, & TESS =

Hot Jupiters:
<~1%

e.g., Cumming+1999,
Udry+2003, Gould+2006
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Super Earths,
Mini Neptunes, &
Scorched Rocks:
~30-50%
e. g . HOW ard+ 2 O 1 2 , Data from NASA Exoplanet Archive
Fressin+2013, ...
Semimajor Axis in AU
‘Gasgiants: ~ Wide- orblt glant5°
e - ~10-30% k]9 .

e.g., Cumming+2008 e g, Bowlef+2015
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The Status of Exoplanet Demographics

* Ground-based Exoplanets Kepler, K2, & TESS =

Hot Jupiters:
<~1%

e.g., Cumming+1999,
Udry+2003, Gould+2006
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Semimajor Axis in AU

‘Gasgiants: ~ Wide- orblt glant5°
~10-30% t i
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- Microlensing 101

Lens/
Host
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Microlensing 101

Lens/
Host 4Ts S0 L oot 0 L 5ae ay [mage

Einstein Ein5tf_-ir| -
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: Matthew Penny (OSU)
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The Microlensing Event

Lens/
Host

Credit: M. Penny
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What if we add a planet?

Lens/
Host + planet

Credit: M. Penny
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Timescale ~ VMass

OGLE-2018-BLG-0596 : single leng
Jung et al. (2019) | binery lery

Magnitude

OGLE, KMTNet, MOA surveys
+ more

Mass ratio ~ (Duration ratio)?
~10*

OGLE (I)

KMTC (1)
KMTS (1)
KMTA (I)

Magnitude

~14 MEarth + N02 MSun

o2 2 ;" % v “ » v E B ) T 4 gis B :*_:-",.‘ . .:‘ -E -I-j 1_
"S”’o»,.\——~,,:i%:5'f—/b:w/““’ . E ’ :
B , ‘ ' 8250 8300
W F I I HJD-2450000
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Microlensing Demographics So Far

>70 Microlensing planets to date

Suzuki et al. (2016) used 22
detections from 5 years of data
from the MOA survey

More cold Neptunes than Jupiters
(confirms Sumi et al. 2010,
Gould et al. 2010, Cassan et al.
2012)
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10 10 100 o . Strong evidence for a break in the
e el B mass ratio function, corroborated
_ % L6, 2018) 3 by other studies (e.g., Udalskl et

| il 2018 Jung et al 2()18)
NFIRST %
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Observing Microlensing: Making the
stars align

Detecting microlensing by
stars

* Rate:
~ 1 event/star/100,000 years
e Duration:

~few months

 Need to observe millions of
stars, ~weekly, for ~year+t

‘W FI RS You are here {
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Microlensing to find 100 Earths

Microlensing by Earth
Scale by ~ V/3x10-6

* Rate:
~ event/star/107 years
* Duration:

~few hours

* Need to observe ~100 million
of stars, every ~15 IIllIl for
i Ny 'ar_|_ SR ”’.

‘WFIRS “You are here
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Requirements for a Planetary
Microlensing Survey
Survey Requirements (100 Earths)

— monitor ~few hundred million stars every 15 min
for ~year

— Bright stellar density (I<18): ~million stars/deg?
e Survey size: ~100 deg?

DT
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Space Enables resolution of the bulge
main sequence

| Penny et al. (2018) |
: http //g th bc m/mtp ny/wf tmlfg ures
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WFEFIRST’s
Microlensing Survey

Extinction map: Gonzalez et al. (2012)

2 um bandpass

0.0

L al. (2018)
arXiv:1808.02490

wiirst-ml-figures

~100 mﬂl],on stars

~20 000 mlcrolensmg
events

i
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WFEIRST: ~1400 cold exoplanets

Kepler Exoplanets @ Other Known Exoplanets Simulated WFIRST Exoplanets

WFIRST Sensitivity [log scale]
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WFEIRST: ~1400 cold exoplanets

Kepler Exoplanets @ Other Known Exoplanets Simulated WFIRST Exoplanets

WFIRST Sensitivity [log scale]
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WFIRST: Really L.ow-Mass Exoplanets

M = 2.02Myjoon @ =520 AU M, = 0.29M., Ax~ =TI Exoplanets Simulated WFIRST Exoplanets
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WFIRST: Habitable Zone Exoplanets

Kepler Exoplanets @ Other Known Exoplanets Simulated WFIRST Exoplanets
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WFEIRST’s resolution enables
measurement of host & planet masses

F814W

At=6.5 YT
<+

Lens ‘

Bennett et al. (2015)

Combination of microlensing parameters and lens light allows
estimate of lens mass
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Distant and free floating planets

Kepler Exoplanets @ Other Known Exoplanets Simulated WFIRST Exoplanets

WFIRST Sensitivity [log scale]
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Microlensing Depends on the Galaxy

* Lensing by mix of disk and bulge
stars

e Exact bulge-disk mix depends on
densities, kinematics, populations,
mass function, etc.

e Planet occurrence depends on
[Fe/H] and [a/Fe]

e Understanding WFIRST
microlensing planets requires
understanding the Milky Way

e WFIRST microlensing can be used
to better understand the Milky

06 -04 02 0
Adibekyan et al. (2012) [Fe/H
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Ongoing Efforts to Maximize the
Return of the Microlensing Survey

e UKIRT microlensing survey ¢ Exploring parallaxes and
to constrain IR event rate (see masses of free-floating
talk by Geoff Bryden) planets with simultaneous

 HST & Keck high-resolution Euclid and ground-based

observations
follow-up programs to
develop mass measurement * Flexible population synthesis
methods galactic models (Macy
Huston & Abby Aronica)

e Data challenges to improve
modeling & analysis methods ¢ Much more work by the

(see talk by David Bennett) MicroSIT (e.g., pipelines,
etc.)...
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Additional Science with the WFIRST
Microlensing Survey

e 2 deg?, ~41,000 epochs, 15 minute cadence, 4.5 year
baseline, >100 million stars, 6-12 hour color cadence

All data made public ASAP
» Support for guest investigators and guest observer programs

e See talks by Scott Gaudi, Casey Lam, & David Bennett

 How does your work impact the WFIRST microlensing
survey?
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Conclusions

Exoplanet demographics are incomplete beyond 1AU

WFIRST will complete the exoplanet census and detect
~1400 planets >1AU, M>0.01 M, + measure their

ImMasses 10000
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Planet Mass in Earth Masses
WFIRST Sensitivity [log scale]
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ApJS, 241, 3
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WFIRST’s Filters
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