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Abstract:

Primordial black holes (PBHs) are a well-motivated candidate for dark matter that may
sector in the Earth-mass range. The strongest observational probe of this population is
effect in which the bending of light by a massive object results in the apparent transient
ground-based observatories have produced tantalizing hints of a PBH population in this

potential signal will be transformed with the launch of the Roman Space Telescope in 2(
Survey will usher in a new era of discovery in this field. In this talk, | will discuss
observations that Roman will make, we will be able to discern multiple subpopulations of

window into the existence of macroscopic dark matter.
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- Roman Sp::}‘

Motivation

NASA's next flagship mission (2026
launch)

Five-year microlensing search of
Galactic Bulge

Yield: thousands of planets at
intermediate semimajor axis
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Sensitive to analogues of all Solar
System planets*

Semimajor axis in AU

*... except Mercury
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Motivation
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Semimajor axis in AU
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Motivation
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Semimajor axis in AU
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Motivation
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“This implies a total of 21 free-floating planets

with masses greater than that of Mars per star...”
(Sumi et al. 2023)
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Semimajor axis in AU
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Enter Roman...
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Semimajor axis in AU
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Driving questions

What might be out there ...

TR

... and what can we actually see?
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Origins

T~

“star-like"” “planet-like”

e

planet-star planet-planet
interactions interactions

direct collapse
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Origins

“star-like"

direct collapse

high mass,
low velocity
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planet-star
interactions

intermediate mass,
high velocity

“planet-like”

planet-planet
interactions

low mass,
intermediate velocity

Page 10/52




velocity

A
10 km/s —

planet-star
interactions

planet-planet
interactions

direct collapse

IVIJupiter
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Existing studies

* N-body interactions with
fully-formed planets

e Arbitrary initial
conditions make
connection to physical
abundance challenging
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Building a galactic populatlon
(Coleman+DeRocco 2025)

of planet
formatlon evolution, mlgratlon
gncfl( ejection in protoplanetary
isks

e Include contributions from

multiple stellar populations

* Provides direct connection
between planet formation and
observables
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System evolution

Time = 0.70 Myr

X planet-planet
X planet-binary
collision

10° 10’
Semimajor axis (au)

(representative 0.25 AU circumbinary simulation) Coleman+DeRocco 2025
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System evolution

« Stage 1: Pebble accretion

ejection of (sub) Time = 0.70 Ky

X planet-planet
X planet-binary
collision

10° 10’
Semimajor axis (au)

(representative 0.25 AU circumbinary simulation) Coleman+DeRocco 2025
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System evolution

« Stage 1: Pebble accretion

ejection of (sub) Earths

« Stage 2: Pebble isolation mass

ejection of (super) Earths

(representative 0.25 AU circumbinary simulation)
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X planet-planet
X planet-binary
collision

10° 10’
Semimajor axis (au)

Coleman+DeRocco 2025
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System evolution

 Stage 1: Pebble accretion
ejection of (sub) |

« Stage 2: Pebble isolation mass

ejection of (super) Earths

. Stage 3: Slow gas accretion
ejection of

« Stage 4: Secular perturbations
ejection of

(representative 0.25 AU circumbinary simulation)
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X planet-planet
X planet-binary
collision

Illl

10° 10’
Semimajor axis (au)

Coleman+DeRocco 2025
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Confronting theory with observation

@ Simulations

rhasses (Sumi+ 2023)
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ground-based observations

)

®  Simulation Results
—===:Sub-terrestrial - « = 0.37+0.04
= = 'Massive planets - & = 1.18+0.15

: — +0.47
Sumi+ 2023 - a = 0.96_0_27

Sumi+ 2023 - Broken Power Law
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Coleman+DeRocco 2025
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Confronting theory with observation
N SimUIationS ground—baseci observations

at high - 1

masses (Sumi+ 2023)

for
unexplored low-mass range

®  Simulation Results
—===:Sub-terrestrial - o« = 0.37+0.04
= = 'Massive planets - & = 1.18+0.15

; _ +0.47
Sumi+ 2023 - a = 0.96_0_27

Sumi+ 2023 - Broken Power Law
1 1 ]

107! 100 10"
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Number of Ejected planets / star / 0.2 dex

Coleman+DeRocco 2025
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Connection to underlying theory

e Simulations
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Coleman+DeRocco 2025
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Prediction: a non-monotonic mass function

« We find that circumbinary
systems are the dominant
source of FFPs at terrestrial
masses

* Only at ma does
migration become efficient,
bringing planets into zone of
instability

* Predicts large non-monotonic
feature in mass function
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Part I: What might be out there?
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Key Takeaway #1
Free-floating planets provide a unique window into planetary
formation and system evolution.
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Microlensing

transits microlensing

.Roman Spé_(_:f

o -

* NASA’s next flagship mission (2026
launch)

* Five-year microlensing search of
Galactic Bulge
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Gravitational lensing

* Massive objects bend the light
around them

« Create lens of angular size 6¢
("Einstein radius”)

4GM dL(1—j—L)

O = :

2
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Gravitational lensing

* Massive objects bend the light _
around them g source

* When a lens passes in front of a S mage
source, multiple images are >
formed
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Microlensing

* When lens mass is very small, source
. +
source and images cannot be .
separately resolved

* Results in apparent magnification
of source flux
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Einstein crossing time

* Typical timescale: tg =Y
Hrel

* Event timescale is primary observable quantity

o
o
2
©
O
=
c
()]
©
S

Pirsa: 25110075 Page 28/52




Cadence

» Lowest observable mass
limited by cadence

tp =30 min
. tEOCVMZ
* Mjypiter = tens of hours
* Meg.+h = tens of minutes

magnification

 Earth-mass lenses require
high-cadence surveys
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High-cadence surveys

There are currently three primary
microlensing collaborations:

1. OGLE-IV (Poland, 1.3 m, 2010)
2. KMTnet (Korea, 3x1.6 m, 2014)
3. MOA-II (Japan, 1.8 m, 2005)

All current observations are ground-
based!

* Sensitive to ~10% flux change
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First detections!

* Recently lowered cadence to OGLE-2012-BLG-1323

15 minutes ) | | te = 0.155 £ 0.005d
A »=503+£007
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o
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* Sensitive to Earth-mass FFPs

Magnitude
&

1540F |

1542 |,

* First observations of Earth-
mass lenses! o |

« OGLE-2012-BLG-1323 (Mroz+ 15.46
2019) -0.04]

« OGLE-2016-BLG-1928 (vroz+ 3002y |
2020) 2 oo

0.02 ' My 4
. MOA'Qy'591 9 0.04 ? ) \ I . , \ 1 .
(Koshimoto+ 2023) 6157 6158 6159 6160 6161 6162 6163 6164
HJD - 2450000
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Enter Roman...

transits

» First space-based microlensing survey >
< 0.01% flux change
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* Yield: thousands of free-floating planets!

0.1 1 10 Free (Johnson et al. 2022)

Semimajor axis in AU Floating
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First detections!

* Recently lowered cadence to OGLE-2012-BLG-1323

15 minutes | R4 e =0155+0005d
A »=503+£007
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» Sensitive to Earth-mass FFPs
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1540F |

1542 |

 First observations of Earth-
mass lenses! 1541 1
* OGLE-2012-BLG-1323 troz+ safl

« OGLE-2016-BLG-1928 (Mroz+ : _::35 " 1o
A 2 oo TV
* MOA_Qy_5919 0.04 |

(Koshimoto+ 2023) 315 6160 6161 6162 6163 6164
HJD - 2450000
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Enter Roman... taih )\

transits R ‘T’
. Roman Space Te

» First space-based microlensing survey >
< 0.01% flux change
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* Yield: thousands of free-floating planets!

Free (Johnson et al. 2022)

Semimajor axis in AU Floating
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But there's a catch.

* Microlensing events don't give direct mass measurement.

* One instead observes an event duration that depends on lens
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But there's a catch.

* Microlensing events don't give direct mass measurement.

* One instead observes an event duration that depends on lens
mass, distance, and velocity.

* It's difficult to estimate lens mass on an event-by-event level.
tE

<+
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Approach #1: Additional observables

* The event duration is just observable, but there are
unknowns.

* By measuring two other observables, we can fully break the
degeneracy.

Megrp, Urrp, DFFP
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