Roman-Subaru/HSC concurrent observations for
rogue planets mass measurement

Proposers (name/affiliation) : Daisuke Suzuki/Osaka U, William DeRocco/UCSC on behalf of RGES PIT
Subaru Instrument: HSC

Number of nights (hours): minimum 20 nights (200hrs) , nominal 30 nights (300hrs)

Condition of nights (moon phase, airmass, seeing): any dark and gray nights are acceptable

Time critical (year, season, date, time): GBTDS season, e.g., around Feb 15 - Apr 25 and Aug 18 - Oct 28
Relevant CCS/ other Roman program: Roman Galactic Bulge Time Domain Survey (GBTDS)

Category: exoplanet, stellar physics, solar system

Key words: gravitational microlensing, exoplanets



Large room to improve Roman planets mass measurement
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Precise and acuurate mass measurements on large sample are
essential to understand the planet formation.



FFP mass-function: Theory vs Observations
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Microlensing parallax by the concurrent observations

Finding Planets With Microlensing

Astronomers use a technique called microlensing to find distant planets in the heart of our
galaxy, up to tens of thousands of light-years away. This infographic illustrates how NASA's .
Spitzer Space Telescope, from its perch in space, helps nail down the distance to those planets. " .. passin front of

A microlensing event occurs when a faint star passes in front of a distant, more visible star. The ® i d Istant star
gravity of the foreground star acts like a magnifying glass to brighten the distant star. If a planet 2 (seen by telescopes)
is present around the foreground star, its own gravity distorts the lens effect, causing a brief dip -

in the magnification.

Foreground star & planet... ®

(not seen by telescopes)

The great distance between Earth and Spitzer helps astronomers determine the distance to the
lensing planetary system. Spitzer can see lensing events before or after telescopes on Earth, and
this timing offset reveals the distance to the system.

Ground-based telescope
sees planet microlensing
event later
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Altough the above is for the Spitzer-Earth (1AU separation) program, idea is same for Roman-Earth (0.01 AU
separation). With the small separation, we can resolve the lightcurve differences in short events, leading to the
parallax measurement. With the angular Einstein radius measurement from Roman, we can derive the lens
mass without any model.




Microlensing parallax by the concurrent observations
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Roman-HSC concurrent observation is the only
way to measure the masses of FFPs.

With 20 nights of HSC, ~10 FFPs
will be observed (based on
Penny+2019, Sumi+23 and
assumption of 50% detection
efficiency for HSC compared to
Roman).

HSC data will also help to reduce
false positives.



Why HSC observations are needed?
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HSC and ULTIMATE/WFI FOV are
overploted on the Roman GBTDS.

Colored dots show the Roman’s detect
rate of “bound” 1 Earth mass planets.
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0 GBTDS area: FOV x 7 fields

0 Thatis compared to HSC and
ULTIMATE/WEFI FOV in the plot.

0 HSC can cover the whole GBTDS
field with just 2 foot prints.

0 Since the FFP lensing events are
short time(< a few hours), high
cadence observations over the
large area are needed.

Penny+19



v The mass measurement of microlensing (bound and unbound) planets from
GBTDS can be improved by the concurrent observations with Subaru/HSC.

FFPs mass measurement is necessary to understand the planet formation
Planet ejection can be constrained (only) by the FFP mass function.

v/ FFPs mass measurement is possible only by the Roman-Subaru/HSC
concurrent observations.
v 20 nights (35 nights) of HSC observations will detect 10 (17) FFPs.

Significance of the Synergy: Only HSC-Roman concurrent observations can
measure the mass function of FFPs, which will be directly compared to the
theoretical model, leading to understand the planet formation process.




