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ABSTRACT

Context. Notoriously hard to detect and study, isolated neutron stars (NSs) might provide valuable answers to fundamental questions
about stellar evolution and explosion physics. With the upcoming Roman Space Telescope, scheduled for launch in 2026, a new and
powerful channel for their detection will become available: astrometric microlensing.

Aims. We set out to create a realistic sample of simulated gravitational microlensing events as observed by Roman with the Galactic
Bulge Time Domain Survey. We focus in particular on the population of NS lenses, which has until now been largely understudied.
Methods. We used dedicated Galactic models tailored for application to microlensing by compact objects. In addition to populations
of stars, white dwarfs, and black holes, we simulated four different NS populations with Maxwellian natal kick distributions: 0 =
(150,250, 350,450) km/s. For each simulation, we applied projected Roman precision, cadence, and detectability criteria.

Results. We found that the parameter space log,, tg—log,, 0g, which will be accessible to Roman observations, is efficient for the
classification of stellar remnants. We found a feature in this space that is characteristic of NSs; using this feature, optimal samples of
NS candidates can be constructed from Roman-like datasets. We describe the dependence of the observable parameter distributions
on the assumed mean kick velocities. As the effects of natal kicks are very complex and mutually counteracting, we suggest that more
detailed studies focused on the dynamics of NSs are needed in anticipation of Roman and future surveys. We estimate that Roman
will observe approximately 11 000 microlensing events, including ~100 with NS lenses, whose photometric and astrometric signals
are detectable; the event yield decreases by 38% when gap-filling low-cadence observations are not included. We make all simulated

microlensing event datasets publicly available in preparation for Roman data.
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1. Introduction

Neutron stars (NSs) are among the most extreme objects in the
present-day Universe (Annala et al. 2023), with core densities
greatly exceeding the nuclear saturation limit (Haensel et al.
2007; Koehn et al. 2025). Since such environments cannot be
reproduced on Earth, NSs are natural laboratories for studying
matter in extreme pressure and density conditions (Lattimer &
Prakash 2004; Haensel et al. 2007). The equation of state (EoS)
describing NSs is not yet accurately known (Malik et al. 2024;
Chatziioannou et al. 2025; Ji et al. 2025); its applications reach
far beyond astrophysics and into fundamental physics, in partic-
ular, nuclear physics and quantum chromodynamics (e.g. Baym
et al. 2018; Lattimer 2021; Kumar et al. 2024). As allowed by
some EoSs, NSs are speculated to contain a phase transition
to exotic phases of matter (Lattimer & Prakash 2004; Annala
et al. 2020, 2023), and astrophysical observations in the near
future might be decisive in confirming or rejecting this hypothe-
sis (Somasundaram et al. 2023). Since the EoS defines physical
properties of NSs, including the mass-radius relation, minimum
and maximum masses, and the overall mass distribution, it is
strongly connected to astrophysical observations and can be con-
strained by them (Lattimer 2012; Fraga et al. 2016; Baym et al.
2018; Ji et al. 2025).

* Corresponding author: zofia.kaczmarek@uni-heidelberg.de

One of the great unknowns regarding NSs is the mecha-
nism through which they are born. Although it has long been
known that NSs experience strong natal kicks (Gunn & Ostriker
1970; Lyne & Lorimer 1994; Tauris et al. 1999; Hobbs et al.
2005), their velocity distribution is still highly uncertain, and
mean kick velocities varying between 100 and 500 kms™' are
assumed (e.g. Kalogera et al. 1998; Hobbs et al. 2005; Bray &
Eldridge 2016; Igoshev 2020; Igoshev et al. 2021; Fortin et al.
2022; Kapil et al. 2023; O’Doherty et al. 2023; Disberg et al.
2025). Several physical mechanisms for the origin of kicks have
been proposed, resulting in distinctly different kick distributions
(e.g. Lai 2004; Janka 2017; Janka & Kresse 2024). It is impor-
tant for our understanding and modelling of supernovae to verify
theoretical predictions for natal kicks (Podsiadlowski et al. 2005;
Mandel & Miiller 2020; Janka & Kresse 2024). Population syn-
thesis codes are reliant on natal kick prescriptions, which affect
their predictions of gravitational wave observables (Giacobbo &
Mapelli 2020) and interpretations of the nature of the observed
sources (Zevin et al. 2020).

The mass distribution of NSs is also unknown, and the
putative mass gap observed between high-mass NSs and low-
mass black holes (BHs; Bailyn et al. 1998; Ozel et al. 2010;
Farr et al. 2011; Shao 2022; El-Badry et al. 2024) presents an
open problem. It is unclear whether this mass gap is caused
by an astrophysical mechanism (e.g. Belczynski et al. 2012) or
observational biases (e.g. Wyrzykowski & Mandel 2020). While
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numerous isolated NSs have been found through their pulsar
emission (Hewish et al. 1968; Bell Burnell 2017), NS masses
can only be measured if they are in binaries, whether via obser-
vations of gravitational wave mergers (Abbott et al. 2017, 2020,
2021), X-ray binaries (e.g. Bhattacharyya 2010; Rawls et al.
2011; Kim et al. 2021), pulsar timing (e.g. Taylor et al. 1979;
Reardon et al. 2016), or astrometric wobble of the companion
(El-Badry et al. 2024)". These NSs only represent rigidly defined
evolutionary tracks and may not constitute a fully representa-
tive sample (e.g. EI-Badry et al. 2024 expect their NS sample to
have originated in primordial binaries that survived the super-
nova explosions, and to have undergone very weak kicks). NS
masses and kicks are correlated and both depend on the progen-
itor mass (Stone 1982; Mandel & Miiller 2020); kicks are also
dependent on binarity (Podsiadlowski et al. 2005). Furthermore,
being part of a binary system can also change the NS parame-
ters through mass transfer: the fastest-rotating and most massive
known pulsar is a striking example of this effect (Fonseca et al.
2021; Romani et al. 2022). In summary, the sample of NSs with
measured masses is subject to complex selection effects.

This complicated interplay between evolutionary tracks and
physical parameters of compact objects could be made clearer
with the help of gravitational microlensing. This powerful tech-
nique of studying our Galaxy can be used to discover inherently
dark objects, including compact objects (Paczynski 1996). As
microlensing requires a very close chance alignment of a light-
deflecting mass and a luminous source, it is very rare; continuous
monitoring of millions of stars, typically in the densest regions
of the sky, is needed to secure detections (e.g. Paczynski 1991).
Hence, the potential of this technique has been realised on a
large scale with specialised variability surveys (e.g. Udalski et al.
2015; Sumi et al. 2013; Kim et al. 2016), which today publish
databases of ~10000 microlensing events (at a rate of thou-
sands of events per year, e.g. Mréz et al. 2020; Husseiniova
et al. 2021; Shin et al. 2024), including events caused by stellar
remnants. Microlensing has recently yielded the first confirmed
discovery of an isolated stellar origin BH, OB110462 (Sahu et al.
2022; Lam et al. 2022a; Mréz et al. 2022), setting the track
for future population studies (Lam et al. 2023; Perkins et al.
2024). A recent analysis of a white dwarf (WD) by McGill et al.
(2023) showed how a microlensing mass measurement can ver-
ify theoretical predictions for the compact object structure and
composition.

As of today, NSs still evade high-confidence microlensing
detections. Despite extensive searches, no upcoming alignments
of known pulsars with background stars close enough to cause
a measurable microlensing signal have been found because the
pulsar sample is simply too small (Schwarz & Seidel 2002; Ofek
2018; Harding et al. 2018; Lu & Xie 2024). On the other hand,
while numerous previously unknown dark lenses are found in
variability surveys, insufficient constraints on mass prevent their
confident classification as NSs. Within bounds allowed by the
available data, the NS candidate events might also be explained
by a WD, a BH, or stellar lenses (e.g. Wyrzykowski et al. 2016;
Wyrzykowski & Mandel 2020; Lam et al. 2022b; Kaczmarek
et al. 2022). In recent work, we have demonstrated that it is also
virtually impossible to construct a useful sample of prospective
NS lenses for astrometric follow-up from photometric informa-
tion alone, as they occupy a similar region of the photometric

I Ono et al. (2015) have developed a method of mass measurement for
rapidly rotating isolated NSs via gravitational wave phase shift. How-
ever, it has not been applied yet and is beyond the sensitivity of all
currently existing gravitational wave observatories.
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observable parameter space as the far more common luminous
stellar lenses (Kaczmarek et al. 2025).

In this work, we investigate how simultaneous photometric
and astrometric observations can overcome this limitation and
provide valuable information on the NS population. Specifically,
we focus on the upcoming Roman Space Telescope (Spergel
et al. 2015), the first space mission to include microlensing as
a key science case. Roman will conduct the Galactic Bulge
Time Domain Survey (GBTDS; Penny et al. 2019), observing
a ~1.7deg” region with a 12-minute cadence over six 70.5-
day seasons?. These near-continuous observations, each yielding
high-precision photometric (10 mmag) and astrometric (1 mas)
measurements, will provide data of unprecedented value for
studying microlensing events. Its applications range from col-
lecting large homogeneous samples of planetary lenses for a
statistical census (Penny et al. 2019; Johnson et al. 2020) to
studying entirely new, unknown populations (DeRocco et al.
2024; Pruett et al. 2024; Fardeen et al. 2024).

Importantly, astrometric microlensing allows for a direct
measurement of the angular Einstein radius of the lensing sys-
tem (Hog et al. 1995; Walker 1995; Miyamoto & Yoshii 1995;
Dominik & Sahu 2000),which in some scenarios leads to a
direct lens mass measurement, a feat that has so far only been
achieved for a handful of events with carefully planned follow-
up (Sahu et al. 2017, Zurlo et al. 2018, Sahu et al. 2022 and
Lam et al. 2022a,b, McGill et al. 2023), but will become pos-
sible using routine GBTDS observations in the Roman era (e.g.
Sajadian & Sahu 2023). Without input from astrometric mea-
surements, mass estimates for dark lenses have usually been
reliant on additional information from Galactic model priors
and burdened with large uncertainties (e.g. Wyrzykowski et al.
2016; Howil et al. 2025; Kaczmarek et al. 2025). Furthermore,
astrometric measurements can resolve degeneracies that lead to
multiple solutions in photometric-only models, offering a defini-
tive determination of the proper motions of both the source and
the lens (e.g. Rybicki et al. 2018; Kaczmarek et al. 2022), which
is particularly useful for studying natal kicks. The potential of
microlensing surveys in constraining kicks has already been sig-
nalled by Koshimoto et al. (2024), who analysed the effect of
BH kick distributions on microlensing event rates, concluding
that the detection of OB 110462 favours low-kick scenarios.

In anticipation of the deluge of data expected from Roman,
we now conduct detailed simulations of Roman-like event yields
and detectability, focusing specifically on NS lenses and their
measurable parameters. The paper is structured as follows. In
Sect. 2 we introduce the microlensing observables and equations
used throughout this work. In Sect. 3 we describe the creation of
mock datasets we used, including the underlying Galactic mod-
els and expected characteristics (cadence, precision, etc.) and
detectability criteria for the GBTDS. In Sect. 4 we present the
simulation results. We find a region in the observable parameter
space that is preferentially occupied by NS lenses. We demon-
strate that with Roman data, relatively high-purity samples of
isolated NSs can be constructed, which has not been possible
with previous surveys. Yields of ~3—4 - 10° detectable NSs and
~3-10* detectable stellar remnants overall are expected. As those
events were selected for their photometric and astrometric sig-
nal, their masses can be directly measured by Roman, providing
an invaluable resource to constrain remnant mass distributions

2 Roman Observations Time Allocation Committee Final Report
and Recommendations; https://roman.gsfc.nasa.gov/science/
ccs/ROTAC-Report-20250424-v1.pdf. Gaps between seasons will
be filled with low-cadence observations.
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and the underlying physics. We outline recommendations for
the classification of NS lenses and application of upcoming
Roman results. Finally, in Sect. 5, we discuss and summarise our
results.

2. Photometric and astrometric microlensing
observables

The on-sky angular scale of a microlensing event caused by a
lens of mass M at a distance Dy, deflecting light from a source
located at a distance Dy is defined by the angular Einstein radius
(6g),

A4GM; ([ 1 1
= — 1
O \/ 2 (DL DS) (1)

The timescale of the event is defined as the Einstein time tg =
Or/Urel, that is, the time needed to cross the angular Einstein
radius in the relative lens-source motion fi.

For a lens-source separation of u, in units of g, the source is
amplified by a factor of A (Paczynski 1996),
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The only parameters tied to physical properties of the lens that
can be constrained from the light curve alone are tg and the
microlensing parallax (zrg). Only fg is routinely available, as the
parallax deviation is a second-order effect that is difficult to con-
strain and not commonly measured. The microlensing parallax
7g is a vector with magnitude of
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and the direction of the relative lens-source motion (e.g. Gould
2004). The microlensing parallax can be constrained by mod-
elling the imprint of the observer’s annual motion around the
Sun, which causes deviations from the straight-line apparent
lens-source motion on the light curve. The relative position of
the lens with respect to the source, in units of 6g, is modelled as

t—1p .
u(t) = up + [—Oum + 7(g, 1), (4)
E

where uy is the closest approach perpendicular to the relative
motion, and & denotes parallax deviations from straight-line
motion caused by projected orbital movement of the observer.

In addition to photometric signal, the source appears to be
deflected away from the lens, causing an apparent astrometric
shift d(u) (Hog et al. 1995; Walker 1995; Miyamoto & Yoshii
1995),

u

Su) = —— 0.
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Therefore, in addition to the photometric observables (fg, 7g)
discussed above, astrometric microlensing allows for the direct
measurement of fg and a complete resolution of the event,
including measuring the lens mass M.

3. Data
3.1. Simulation procedure

To perform our simulations, we used the dedicated software for
simulating microlensing events in the Milky Way, PopSyCLE
(Population Synthesis for Compact-object Lensing Events; Lam
et al. 2020). PopSyCLE uses the Besancon model (Robin et al.
2004) implemented in Galaxia (Sharma et al. 2011) to gen-
erate a synthetic stellar survey within a given circular field.
Stellar remnants are generated and injected into the survey area
by evolving clusters using SPISEA (Stellar Population Interface
for Stellar Evolution and Atmospheres; Hosek et al. 2020), a
software package generating single-age, single-metallicity pop-
ulations. SPISEA includes initial mass functions, multiplicity
distributions, metallicity-dependent stellar evolution and atmo-
sphere grids, and extinction laws; in order to accommodate mock
microlensing survey generation, it has been extended to also
include initial-final mass relations (IFMRs) between progeni-
tors and their remnants (Lam et al. 2020). Following Kaczmarek
et al. (2025) and Abrams et al. (2025), we chose to use the
SukhboldN20 IFMR, which is based on a suite of simulations
by Sukhbold & Woosley (2014), Sukhbold et al. (2016), Woosley
(2017), and Woosley et al. (2020) and is unique in its use of
the metallicity dependence as well as inputs from recent super-
nova explosion models. The simulated events belong to four lens
classes, which hereafter we denote as class;: stars, WDs, NSs,
and BHs. Newly generated BHs and NSs receive a natal kick in
a random direction, drawn from a Maxwellian distribution with
a specified mean. We varied the NS kick distributions to assess
their effect on the microlensing observables. All input parame-
ters of the PopSyCLE simulations can be found in Table 1. We
chose synthetic survey fields to approximate the Roman foot-
print, which we plot using the gbtds_optimizer software®. We
present the field layout in Fig. 1.

3.2. Simulated event datasets

Lensing events were selected from the simulated Galactic pop-
ulations by selecting lens—luminous source pairs with a mini-
mum separation of <26 within the simulated survey time of
5.0 years, matching the scheduled ten-season span of GBTDS.
With this procedure, we created four datasets of lensing events.
Star, WD, and BH populations were the same in each dataset, as
the simulations were initiated with the same seed; the NS pop-
ulations showed systematic shifts in the parameter distributions
with varying kick velocity. We make all simulated microlens-
ing event datasets generated in this work publicly available on
Zenodo and within popclass®*, a software package for prob-
abilistic classification of microlensing events (Sallaberry et al.
2025).

3.3. Post-processing for detectability with Roman

To select only events that can be fully characterised with GBTDS
photometry and astrometry, we applied cuts similar to those of
Fardeen et al. (2024). We describe these cuts below.
— Already at the stage of executing PopSyCLE, we applied
a |up| < 2 cut, corresponding to a photometric signal of
Am = 0.06 at peak.

3 https://github.com/mtpenny/gbtds_optimizer
4 https://github.com/LLNL/popclass
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Table 1. PopSyCLE simulation parameters.

Parameter Value

Milky Way escape velocity 550 kms~! (Piffl et al. 2014)
Sun-Galactic Center distance 8.3 kpc

Mean BH natal kick 100 kms™!

Mean NS natal kick
Initial-final mass relation (IFMR)

Extinction law

Bar dimensions (radius, major axis, minor axis, height)
Bar angle (Sun—Galactic Center, 2nd, 3rd)

Bulge velocity dispersion (radial, azimuthal, z)

Bar pattern speed

Multiplicity

{150 kms~!, 250 kms~!, 350 kms~!, 450 kms™! }

SukhboldN20 (Sukhbold & Woosley 2014; Sukhbold et al.

2016; Woosley 2017; Woosley et al. 2020)
Damineli et al. (2016)
(2.54,0.70,0.424,0.424) kpc
(62.0,3.5,91.3) °

(100, 100, 100) kms™

40.00 kms~! kpc~!

Singles

Notes. The implementation of the IFMR is described in detail in Rose et al. (2022); the Galactic parameters are consistent with “v3” in Lam et al.
(2020, Appendix A). We ran four simulations differing by NS natal kick distributions.
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Roman GBTDS footprint as recommended by the Roman Observations
Time Allocation Committee. The colours represent the total number
of simulated microlensing events per simulation field over the average
for all fields in the run with the PopSyCLE (Lam et al. 2020) default
350 km/s mean NS kick velocity (before applying the detectability cuts).

We converted the PopSyCLE apparent (H, J, K) magnitudes
to F'146 (using Eq. (1) from Wilson et al. 2023) and applied a
F146 < 23 cut. In case of star lenses, this cut was applied to
the blended lens+source flux. Using image-level simulations,
Wilson et al. (2023) determined F'146 = 22 to be the tran-
sition at which the background contribution to noise starts
exceeding that of the source. We estimate that with tailored
data-processing techniques, it should be possible to achieve
a drop of ~1 magnitude below this boundary to obtain scien-
tifically useful images of the source. This is a rough estimate
because it is difficult to predict future mission performance;
it should be re-evaluated after the Roman start of operations.
We created a set of observing times 7 ¢prps that followed the
most recent recommendations for the GBTDS survey design,
that is, six high-cadence seasons of 70.5 days, centred around
the vernal and autumnal equinoxes and filled with 12.1-
minute cadence observations, separated in half by a gap
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of four low-cadence seasons. We also included gap-filling
observations every 3 days in the four low-cadence seasons.
(This set was the same for all fields, as they will have the
same cadence; the choice of a starting point is arbitrary and
does not affect the observed event distributions.)

We (conservatively) assumed that to fully characterise the
event, we require the closest approach to occur within
the bounds of the survey time: min(7gprps) < fo <
max(7Gprps)-

To select only events with detectable astrometric signal, we
required A,y > 045/ VN, where A,y = max [0(2;) — 6(z))l :
ti,tj € Tgprps. We assumed N = 119 for stacking observa-
tions taken within 24 hours. We used Egs. (4) and (5) to
calculate 6(¢) : t € Tgprps values (in Eq. (4), we assume
straight-line motion as parallax deviations are typically very
small and, with event parameters fy, 1 distributed randomly,
do not significantly affect the population distributions); in
case of star lenses, we corrected A, for blending with the
lens. We followed Eq. (14) from Fardeen et al. (2024) to
obtain o, [mas] for a single observation as a function of
magnitude; this formula is based on a straight-line fit to
Roman simulations from Sajadian & Sahu (2023).
Analogously, to select only events with detectable photomet-
ric signal, we required Apnor > O phot/ VN, where Aphor =
max |Am(t;) — Am(t))| : t;,t; € Tgprps. We used Egs. (2)
and (4) to calculate Am(r) : t € Tgprps values; in case of
star lenses, we corrected A, for blending with the lens. To
obtain oy, for a single observation, we used the relative
flux error model depicted in Fig. 4 from Wilson et al. (2023)
image simulations and approximated it with a polynomial fit,

log,o (0r/F) == 1379 - 107 m? + 2.817 - 10m?

6
—7.389-107'm + 5.319 [ppt], ©

where m is the F146 magnitude, and we convert it into
magnitudes,

2.5 oFf

gr. 7
In10 F @

O phot =

After applying all cuts, we retained 2.8% of all simulated events,
including 4.8-6.1% (dependent on the kick velocity) of all sim-
ulated events with NS lenses. We note that after correcting



Kaczmarek, Z., et al.: A&A, 707, A264 (2026)

for blending with luminous lenses, we retained slightly more
events (although some that were previously flagged as detectable
were lost due to decreased A, and Ay, more new lenses
were included because they passed the magnitude cut with the
increased joint flux). Hereafter, we use ‘detectable’ to describe
events passing all cuts, that is, they are both photometrically and
astrometrically detectable, unless indicated otherwise. We make
datasets containing parameters of these events publicly available
in the built-in model library of the popclass classification soft-
ware® as gbtds_nskick150, ., gbtds_nskick450. We
also included the full PopSyCLE output for the simulated events
in an auxiliary dataset, which we make publicly available on
Zenodo. In this dataset, we include the event samples before
and after the pre-processing step, in case the users choose to
apply their own detectability criteria (e.g. when the Roman per-
formance allows us to relax some cuts in the future).

We did not attempt to assess the constraints that we will be
able to make based on the GBTDS data for g, 0, g for a given
detectable event, and we leave this to future work. Implicitly
assumed in the work that follows is that we can measure g and 6g
precisely. This assumption was found to be reasonable for the set
of events on which we focused. The spur lenses are located at the
high-6¢ end of the parameter space and have 7z ~ 10 days, which
are likely to be well constrained from the ~12-minute cadence
photometric and astrometric observations of the GBTDS. This
point has been documented in several studies. Kaczmarek et al.
(2022) found <1% constraints on both #g and 6g by modelling
simulated GBTDS observations of a nearby NS lensing event.
Similarly, Lu et al. (2025) found <1% constraints on #g and
<10% on g by modelling simulated GBTDS observations for an
example BH lens. Terry et al. (2025) found that x90% of their
3000 simulated GBTDS lenses (chosen to be a representative
population of planetary hosts, i.e. systematically lower mass than
stellar remnants) have a constraint on g of <10% derived from
the light curve alone. On the astrometric front, Sajadian & Sahu
(2023) found that >99% of their simulated BH events observed
by the GBTDS have a constraint on 8g of <10%, with the major-
ity of them also having a constraint on fg < 10%, regardless of
the mass function assumed. Finally, Fardeen et al. (2024) found
that many wide-separation (o > 2) events caused by lenses with
masses around one solar mass have constraints on 6 and ¢g of
<10% from astrometry alone.

In summary, lens parameter constraints from GBTDS obser-
vations are a topic of ongoing study, but 6g and tg for stellar
remnant events are generally expected to be well constrained.
We note a key caveat is that these simulations and predictions
generally do not consider potential contaminants. Other effects
including astrometric binaries (e.g. Jankovic et al. 2025), binary
source or binary lens microlensing (e.g. Abrams et al. 2025) can
be confused for point source — point lens events, although the
extent to which this will affect simultaneous photometric and
astrometric observations of GBTDS is yet unclear. Assuming
no contamination makes the following work an optimistic upper
bound in this respect.

4. Results
4.1. Detectable event yields

To calculate the detectable event yield expected from GBTDS,
we upscaled the retained event counts from Sect. 3.3 by
Serps /S sims the ratio of the full GBTDS footprint area to
the total area of simulation fields (depicted in Fig. 1). We

5 https://github.com/LLNL/popclass

500 _I I 1 T 1 T I T 1 1 1 I T 1 T 1 I I_
[ -}~ unweighted | ]
400F—— weighted I -
< 300F e =
T I | :
> 200 -
100 .
0 :l l il 1 L 1 I 1 L il L l L L L L l l:

150 250 350 450

NS kick [km/s]

Fig. 2. Yield of events with NS lenses detectable with Roman in pho-
tometry and astrometry over the entire GBTDS duration as a function
of mean kick velocity vy before (dotted green) and after (solid purple)
applying the effect of natal kicks on the volume density of NSs in the
Galaxy. The error bars represent the Poisson noise; the o = ¥, w? for-
mula (Barlow 1987) is applied to the weighted Poisson counts. While
stronger kicks increase the probability of lensing by a single NS, this
effect is counterbalanced in weighting by a lower number of NSs that
are available as lenses in the inner Galactic regions.

assumed Poisson noise on the retained event counts. We note
that all reported error bars on event yields only reflect the Pois-
son noise of the simulation run and not any uncertainties in
the Galactic parameters of the underlying simulation. We esti-
mate that GBTDS will include ~11 000 detectable events overall,
including 8710 =+ 160 stars and 2229 + 79 WDs.

Our treatment of massive remnants was more complex.
With out-of-the-box simulation results, we retained 168 + 22
detectable BH events and 254 + 27, 280 + 28, 412 + 34, and
398 + 33 detectable NS events for vy of 150, 250, 350, and
450 km/s, respectively. However, these yields are likely to be
overestimated. Sweeney et al. (2022) have studied the expected
Galactic distributions of stellar remnants, finding NSs and BHs
to have more diffuse spatial distributions than the visible Galaxy,
primarily because natal kicks change their Galactic orbits. As
PopSyCLE currently does not include this effect and keeps the
remnants at fixed Galactic positions, the yields we obtained in
the simulations described are effectively upper limits (i.e. the
yields assume that all NSs are young and have not yet had time
to migrate outwards).

We aim to provide more realistic yields by applying a re-
weighting to our simulated events. We used a sample of 10°
simulated NSs from Sweeney et al. (2022) to model the pre-
kick NS distribution. We used the StellarMortis software®
(Sweeney 2025), which assigns kicks to remnants and propagates
them in the Milky Way potential to a present-day distribution.
We modified StellarMortis to include flexible Maxwellian
kick distributions for a given o and generated four samples of 10
post-kick NSs matching our four simulated kick distributions.
We then binned these samples in galactocentric r and |z| (assum-
ing the distributions are axisymmetric and symmetric in z) to
minimize random noise. To each simulated NS lens i located at
ri, Zi, we assigned a weight w; = Nposi(73, 12i) /Npre (74, |2i]), which
is equal to the ratio of post-kick to pre-kick NS counts in a given
bin. Then, our density-corrected yields were equal to the sum
>iWi - Scerps /S sim over all NS lenses in the simulation. We
visualise the NS yields as a function of vy;cx in Fig. 2 for the

% https://github.com/David-Sweeney/StellarMortis
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Fig. 3. Distributions of NS (purple) and non-NS (grey) events in log,, f5—log,, 6 space. All simulated events regardless of whether they passed the
detectability cuts are plotted; shade denotes iso-density levels estimated with a Gaussian KDE. The black circles highlight the NS events that passed
the detectability cuts. The NS distribution exhibits a characteristic spur feature that becomes stronger and more shifted leftwards with increasing
Ukick, yielding more detectable NSs that are outliers from the main distribution.

weighted and unweighted case. The corrected yields are 181 +
19, 131 £ 13, 122 + 10, and 75 = 6 with increasing vkickx. The
weighting and its limitations are discussed in more detail in
Sect. 5.

The BH kick distribution is very uncertain. BHs are usu-
ally expected to have a similar kick momentum distribution as
NSs, and they are therefore expected to have lower velocities
(e.g. Fryer & Kalogera 2001). However, Repetto et al. (2012)
found evidence that the BH kick velocities are similar to those
of NSs, and Janka (2013) offered a theoretical mechanism that
could explain them. Nagarajan & El-Badry (2025) found evi-
dence for strong kicks for some BHs and weak to none evidence
for others with Gaia Data Release 3 kinematics. We note that
several recent works on newly discovered BHs support the low-
kick hypothesis (e.g. Kotko et al. 2024; Koshimoto et al. 2024;
Burdge et al. 2024). For consistency with the PopSyCLE default
settings used in our simulations, we assumed vgicxk = 100 km/s
for BHs to apply the same yield correction as for NS lenses. As
there are only 75235 BHs in the Sweeney et al. (2022) remnant
sample, we used the full sample to generate weights, resulting in
a corrected yield of 152 + 21 BH lens events.

As the recommended GBTDS strategy is not yet final, we
also estimated the detectable event yield assuming no gap-filling
(low-cadence) observations. We found that without these obser-
vations, we only retained 62% of the detectable events (60% for
star lenses, 66% for WD lenses, and 91% for BH lenses). Depen-
dent on vk, we also retained 72, 66, 62, and 55% of NS events
(for vycx of 150, 250, 350, and 450 km/s, respectively)7. Remov-
ing the gap-filling observations affects the remnant detections
(and especially BH detections) less, as populations of high-mass

7 Including weighting for NS and BH, but the weighting has very little
(<1%) effect on the percentages.
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lenses have longer typical timescales. Strongly kicked NSs are
the exception, as high relative lens-source motions cancel this
effect out. This experiment proves the effectiveness of gap-filling
observations in GBTDS, which can increase the detectable event
yield by 250% at a relatively low observing time cost (only one
hour of observations per three days outside the high-cadence
seasons®).

4.2. Distributions inlog,, tg — log,, 6 space

With simultaneous photometric and astrometric observations,
we can measure three microlensing observables related to the
lens mass: tg, O, and 7g. Of these, g and 6 are optimal for rem-
nant classification, as both parameters can be well constrained
from observations and increase with lens mass. In contrast, 7g is
difficult to measure precisely and decreases with lens mass. In
photometry, while #g is usually well constrained from the light
curve, 7g is subject to various degeneracies (Smith et al. 2003;
Gould 2004) and is notoriously hard to constrain, especially for
remnant candidates (e.g. Kaczmarek et al. 2022; Golovich et al.
2022). In astrometry, for massive remnants (NSs and BHs), the
mg contribution is lower by one to two orders of magnitudes than
the overall astrometric deviation with which we measure 6g. We
operate in log—log space as it is optimal for separation of lens
classes (e.g. Lam et al. 2020; Fardeen et al. 2024; Kaczmarek
et al. 2025).

With increasing vgick, we found an increasing representa-
tion of NSs that are outliers from the main distribution in the
log,, tg—log;y 6k space. In Fig. 3 we plot the simulated event
populations in this space, including all NS and non-NS events,

8 Roman Observations Time Allocation Committee Final Report and
Recommendations.
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Fig. 4. log,, tg—log,, 6 space distribution of detectable NS lenses from the vy« = 450 km/s simulation run (coloured) compared to that of lenses
from other classes (stars, WDs, and BHs; light grey). The NS lenses are coloured by the event parameters lens velocity v, lens mass M;, source
distance Dy, lens distance ., and a measure of background area subject to light deflection by the lens per unit time 6 - ;. (from top left row-wise).
NSs located in the spur region distinguishable from other lens classes are nearby, have high proper motions, and are relatively very likely to cause

lensing events.

regardless of cuts. We show that these outliers are sampled from
a continuous spur structure, which is characteristic of the NS
population and diagonally offset from the main log,, tg—log,, 6
distribution. The region covered by the spur has a high ratio
of NSs to total event numbers (for a more detailed discussion
and visualisation of the number of NS events and non-NS con-
taminants expected in this structure, see Figs. 5 and 8 and the
corresponding descriptions). We propose using this feature for
constructing optimal NS candidate samples.

4.3. Properties of detectable NS events

We determined how the physical parameters of NSs are related
to their positions in the log,, g — log,, 6 space, and in particu-
lar, to their membership in the spur feature. In Fig. 4 we present
distributions of several event parameters across the 7z — 6 space
for vkick = 450 km/s, the simulation in which the spur is most
prominent.

While weak trends in vy, and M| are present (NSs with higher
velocities and lower masses on average cause shorter events),
neither of these parameters causes the spur. We also note that
there is a region that is preferentially occupied by NS events with
distant sources at approximately log,,tz = 1.5, log, 6t = O,
which is also unrelated to the spur and not distinguishable from
other event classes.

Conversely, in the bottom panels, we present lens parameters
that are correlated with membership in the spur. The NS lenses
located in the spur are much more nearby and have higher proper
motions. We conclude that the spur contains mesolenses, that

is, single objects that are naturally high-probability lenses, even
though the total contribution to the lensing optical depth from
their population may not be very large (Di Stefano 2008a,b). Di
Stefano (2008b) stated that mesolenses are caused by a combi-
nation of a large Einstein ring, fast angular motion, and a dense
background field. For simplicity, we assumed a constant source
density within a simulation field, random background source
motion, and constant fg per lens. Then, the contribution to the
event rate I in the field from a single object is ~fg -y, that is,
proportional to the area swept by the Einstein ring per unit time.
We plot 6 - y;. in the bottom right panel, showing that NS lenses
located in the spur vastly exceed other NS lenses in their con-
tribution to the event rate, that is, they are very likely to cause
lensing events.

These objects are of great interest as they can cause repeated
events (e.g. Bramich 2018), allowing high-precision mass deter-
mination with several independent mass measurements. To max-
imise the precision of mass measurements, mesolens candidates
should be vetted for possible repeated events. For high-6g events
with Roman-like observations, lens motion can be precisely con-
strained even when the lens is not seen (e.g. Kaczmarek et al.
2022). When the motions of the found mesolenses can be con-
strained well enough from Roman data, predictions for future
events should also be made to enable follow-up observations.

Figure 4 shows the lenses as recovered from the simulation
without the correction for Galactic NS density. To visualise the
effect of this correction, we also plot the weights and z posi-
tions in a supplementary Fig. 5, which shows that the spur
lenses have systematically lower weights. This result may seem
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to estimate the total yield of about six expected ‘spur’ NS lenses in
GBTDS, assuming vk = 450 km/s.

counter-intuitive because the expansion of the NS distribu-
tion will result in lenses migrating from the Bulge to higher
galactocentric radii, and therefore, a higher fraction of nearby
mesolenses might be expected. However, this is explained by
the lower panel: as the line of sight is fixed, the nearby lenses
falling into the Roman fields have z = z5 = 0. As the post-
kick NS distributions have inflated scale heights, the weights
increase with |z|. Overall, for vy = 450 km/s, we expect roughly
Yiwi - Seerps/Ssim = 6 NS lenses in the spur. Every detec-
tion of a lens in the spur region will be extremely valuable for
population constraints because the sample size is so small. We
suggest that all lenses found in that region of log,, fg—log;, 6
space should be preferentially allocated follow-up resources (e.g.
spectroscopy for a source characterisation).

To follow up on the correlation between D and the location
in the spur, we present lens distance histograms for all simu-
lations in Fig. 6. We found that the lens distance distribution is
dependent on vyick, which makes it useful for constraining the NS
kick. While the nearby mesolenses are, again, more affected by
down-weighting, high vy still yield flatter, more tailed lens dis-
tance distributions. As in the case of the spur structure, strong
kicks affect the strengthening (generating nearby mesolenses)
and weakening (preferential drop in density of nearby lenses
along a fixed l.o.s. due to their low [z]) of a distinct structure
in parameter distribution. Detailed studies of these counteract-
ing effects will be necessary to leverage upcoming data for
population constraints.
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lenses (class; € {star, WD, BH}) is plotted in light grey. All yields are
adjusted to the total survey area.

4.4. NS classification

In this section, we discuss prospects for distinguishing NS lenses
from other classes using their log,, fg—log,, 0 distributions. For
each of the four simulation runs, we built a classifier returning
the lens class probability for a given point or distribution in a
subspace of observables as described in Kaczmarek et al. (2025)
(we refer to that work for a detailed description of the classifica-
tion method). In summary, we used the Bayes theorem to define
the probability of the lens causing a microlensing event with a set
of observable parameters ¢ belonging to class; under a Galactic
model G,

p(class;|G)p(giclass;, G)
p(9G)

We took p(class;|G) directly from the event counts per class
in the simulated dataset. To construct continuous p(¢|class;, G)
from discrete sampling, we used Gaussian kernel density estima-
tors (KDEs) constructed in the ¢ parameter space with detectable
simulated events of a given class; as implemented in scipy
(Virtanen et al. 2020) with default settings. We note that Eq. (8)
assumes a perfect measurement of the observable parameters
¢, which makes this analysis optimistic. However, by the very
nature of the spur feature being in the high 6 portion of the
parameter space, the lenses of interest are expected to prefer-
entially skew towards high signal-to-noise ratios, making this
assumption less effective than it would normally be for analyses
that are focused on the bulk of the observed catalogue. p(¢|G)
is simply a normalising factor independent of class;, which we
applied by ensuring 3 1., p(class;|¢,G) = 1. We made one
change compared to Kaczmarek et al. (2025) in that we incor-
porated NS and BH weights in the creation of the respective
KDE:s.

p(class;|¢, G) =

®)
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Fig. 7. Left: relative class probabilities in log,, tg—log, mg, i.e. the
space of observables that is accessible from photometric observations
alone. The probability map was constructed using all photometrically
detectable events. Right: relative class probabilities in log,, tg—log, Ok,
i.e. the space of observables that can be measured with high precision
with the combination of photometry and astrometry. The probabil-
ity map was constructed using all photometrically and astrometrically
detectable events. Each relative probability map is presented for vk =
150 km/s (top) and 450 km/s (bottom). High vy;cx results in a parame-
ter distribution that is more distinguishable from other lens classes. In
particular, in the log,, fg—log,, 6 space, there is a region preferentially
occupied by NSs, which reaches p(NS|¢, G) ~ 1 and could be used for
constructing optimal samples of isolated NS candidates. (For clarity, the
WD and BH lens class probabilities are not plotted, as the Star class is
the main source of confusion with the NS class.)

To account for the epistemic uncertainty of the classifier in
addition to the astrophysical classes {star, WD, NS, BH}, we
included the ‘none’ class, which was assigned when the param-
eters ¢ are not consistent with those of event populations in
the underlying simulation (see Sect. 3.3 and Appendix A in
Kaczmarek et al. 2025 for a detailed explanation of the none
class). The none class was constructed following the formula

_pIG) )
max,(p(9IG)) )’

where A is a constant setting the none class weight, and p(¢|G)
is approximated with a top-hat KDE constructed on the ¢
parameter space with all detectable simulated events, using the
scikit-learn (Pedregosa et al. 2011) implementation. We set
A to 107 and the KDE bandwidth to 0.3. As the none class is
designed to represent parameters without support in the simula-
tion samples, the construction of this KDE is not affected by NS
or BH weighting.

In practice, we constructed the KDEs on a 1000 x 1000 grid
and evaluated p(class;|¢, G) using the nearest grid point. Using
this method, we constructed relative probability maps, that is,
plots showing the p(class;|¢, G) that would be assigned as a
function of event parameters ¢ assuming they are known exactly.
We show these probability maps for vk € (150, 450) km/s in
Fig. 7, demonstrating that moving from the space of photometry-
only observables (fg,7g) to that of high-signal photometry +
astrometry observables (tg, 6g) allows for the high-confidence
NS classification in case of high vy. For the photometry-only
subplots, we used all events that only passed the magnitude
cut and the photometrically detectable signal cut, whereas for
the photometry+astrometry subplots, we used events passing

p(¢|None, G) = A (1 €))
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Fig. 8. Top: count of retained NS events within an event sample con-
structed using a given pyy,, rescaled to yields from the full GBTDS
footprint. The error bars representing Poisson noise are the same as in
Fig. 2. Centre: recall of NS events, calculated as a ratio of selected NS
events to all detectable NS events. Botfom: purity of the sample, cal-
culated as a ratio of selected NS events to all events selected for the
sample. For higher pyy, values for vy, € (150, 250) km/s are missing
as samples cannot be constructed (i.e. the resulting sample size is 0).

all Sect. 3.3 cuts, also including the astrometrically detectable
signal cut.

To test prospects for constructing NS samples with this
classifier, we used threshold probabilities pji,: we included
a simulated event with parameters ¢ in our sample when
p(classz|p, G) > pum. We constructed these samples for all simu-
lation runs and for several thresholds: pyjiy, € (0.05,0.1,0.3,0.5).
We then corrected our included and total event counts for NS
and BH weights. We illustrate the count of retained NS events,
recall, and purity in this experiment in Fig. 8.

Samples constructed using a very low pj, = 0.05 have con-
sistently high (0.3 — 0.4) recall, but at a cost of low (0.1 — 0.2)
purity. Still, we note that this fraction of NSs within the sam-
ple is larger by one to two orders of magnitude than in the
entire dataset. These samples contain several dozen NSs and
are selected from the spur and surrounding regions. Conversely,
samples constructed using pjip, € {0.3, 0.5} contain only NSs, but
at a cost of low recall (<10 events). These samples were selected
from the far side of the spur; for lower vk, they cannot be
constructed as there is no region in the parameter space that is
sufficiently unique to NSs.

We note that membership in the NS lens class can be verified
independently, for instance with the lens mass being consistent
with an NS mass and the non-detection of additional blended
light expected from a luminous (e.g. main-sequence) star of the
determined lens mass and distance. Therefore, the above exer-
cise can be interpreted as constructing a sample of promising
candidates that should be allocated additional analysis and obser-
vation resources, similarly to BH lens candidates in Kaczmarek
et al. (2025). In this situation, thresholds should be determined
by adjusting the sample size to the available resources.
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5. Discussion and conclusions

We have conducted simulations of gravitational microlensing
events tailored to the most recent proposed Roman Space Tele-
scope GBTDS design. We specifically focused on NS lenses,
which are very hard to identify with the instrumentation con-
straints of current microlensing surveys because they are easily
confused with other lens classes, but will become discoverable
with Roman. To assess the effect of NS natal kicks on microlens-
ing observables, we ran four simulations with Maxwellian kick
distributions in which we varied the mean kick velocity vjck.

We found that distributions of microlensing observables dif-
fer for NS populations with different vyjcx. In the log,, tg—log; 6
space, which is favourable for a remnant classification, we found
a feature that is uniquely characteristic of NS lenses: a spur that
is diagonally offset from the main distribution towards lower #g
and higher 6g. The strength and exact location of this structure
varies with vyick, making it most distinct at the high end, viicx =
450 km/s.

We identified the spur NSs as mesolenses, which is a class of
nearby fast objects that have a high probability of causing lens-
ing events and might even cause repeated events. Strong kicks
cause both effects to strengthen the spur (increased potential for
generating mesolenses) and to weaken it (decreased NS density),
which makes it especially challenging to study this structure
and use it for drawing constraints on the kick distributions.
Detailed studies including careful modelling of NS dynamics,
larger sample sizes, and more kick velocity distributions are
needed.

We note that if the NS spur feature is detectable in real
Roman observations, it might enable the identification of highly
likely NS candidates without requiring a mg, which may rep-
resent a bottleneck for full lens characterisation in GBTDS
microlensing events. We therefore recommend that all events
found in this region should be treated with special care and
allocated necessary follow-up resources by prioritising their
ingestion into Target and Observation management systems (e.g.
Street et al. 2018; Coulter et al. 2023) so they can be tracked and
this new potential characterisation pathway can be investigated.

We predict that Roman will find approximately 11000
microlensing events that are detectable in both photometry and
astrometry, ~100 of which will be isolated N'Ss. With direct mass
measurements available via a complete resolution of microlens-
ing parameters, this dataset will provide outstanding statistical
constraints on the NS EoS and the speculated mass gap. In total,
this dataset will contain approximately 2500 compact objects,
providing an unprecedented census of isolated stellar remnants.
While in this work, we focused on NS classification and popu-
lation properties, we note that the GBTDS-tailored simulation
results will also be useful for other science cases, and we
make them publicly available within the popclass classification
software and in the auxiliary Zenodo dataset.

We note that this study is constrained by several limitations.
All predictions about Roman concerning the survey strategy and
instrument performance are preliminary and will need to be
verified in the later stages of the mission. Furthermore, a simula-
tion can only be as accurate as the underlying Galactic model.
PopSyCLE relies on dedicated models of the Milky Way and
stellar evolution. However, some questions about the Galactic
structure remain open, including the bar angle and pattern speed
and the mass distribution (e.g. Hunt & Vasiliev 2025). There
are even more unknowns regarding the creation of remnants. We
assumed a single Maxwellian distribution for natal kicks, while
more complex distributions are also discussed. Igoshev (2020)
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propose a bimodal kick distribution, for example. The IFMR
between progenitors and remnants is poorly known; it is difficult
to test (especially in the mass-gap range) due to the obstacles and
biases in remnant detection and mass measurement discussed
in Sect. 1. Various initial-final mass prescriptions, using dif-
ferent methods, have been proposed in the literature (see Rose
et al. 2022 for a detailed description of IFMRs integrated into
PopSyCLE and their effect on microlensing).

Notably, Sweeney et al. (2022) have demonstrated with sim-
ulations that the spatial Galactic distribution of NSs should be
more diffuse than that of other astrophysical classes because
their progenitors experience the evolving structure of the Galaxy
and because their post-kick orbits change. However, PopSyCLE
currently does not model the latter. For a more detailed discus-
sion of the effect of this limitation on microlensing predictions,
we refer to Lam et al. (2020).

We attempted to correct for this effect in the post-processing.
Namely, we ran dynamical simulations for 10° simulated pre-
kick NSs sampled from the Sweeney et al. (2022) dataset to
obtain four post-kick present-day Galactic distributions of NSs.
We used the StellarMortis software (Sweeney 2025), which
was developed as part of the Sweeney et al. (2022) work. We
approximated post-kick to pre-kick density ratios for a given vyjcx
and galactocentric position by bin count ratios. We then assigned
weights to our simulated NSs to correct for the changed densi-
ties. This correction lowered the total yields by a factor of 1.4
(lowest vyick) to 5.3 (highest vyick).

Our treatment of massive remnants was similar to that of
most recent microlensing studies of BH natal kicks. Koshimoto
et al. (2024) accounted for the changed remnant distributions by
modifying the Galactic model of Koshimoto et al. (2021) with
an analytical scale height and surface density profiles fitted to
the numerical results of Tsuna et al. (2018). They then generated
BH lenses following the prescription (IFMR and adding kicks)
of Lam et al. (2020). They found a similar trend of increasing BH
yields (represented as a fractional contribution per fg bin) with
increasing vyicxk When not applying disk inflation, but decreasing
after this correction of the model. In the final stages of prepar-
ing this work, a pre-print by Wu et al. (2026) has been made
available that discusses BH selection and event rates from a
combination of ground-based microlensing surveys and interfer-
ometry. Wu et al. (2026) correct for BH kick effects by applying
weight factors to their expected event rates separately for the
disk (where they follow the analytical formulae of Koshimoto
et al. 2024) and the bulge (which they model as an exponential
distribution whose effective radius changes with kick velocity,
assuming a steady state).

We note that the solution of applying the weights we used in
this work is not perfect. While the first-order effect of dynami-
cal evolution is the changed NS density, we also expect velocity
distributions to be affected as the NS orbits change. This effect
is very difficult to model and cannot be handled with a simple
correcting factor because present-day NS velocity distributions
are expected to vary with Galactic position and age (see e.g.
Fig. 3 in Sweeney et al. 2022). Clearly, it would be ideal to have a
fully realistic population of NSs with present-day positions and
velocities available to use as lenses. However, to create such a
population, we would need to consider that the NSs are created
in a different Galactic position, that is, at a different line of sight,
than they are observed as lenses. This is incompatible with the
way PopSyCLE works, which includes a computationally expen-
sive population synthesis of stars along a chosen line of sight
to simulate small circular fields (see e.g. Fig. 1). A full simula-
tion including the dynamical evolution of NSs across all possible
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lines of sight, that is, the entire Galaxy, would be extremely com-
putationally expensive. For example, even without simulating
microlensing, Sweeney et al. (2022) needed to apply a down-
sampling of the remnant and star populations by 10° and 10°,
respectively, to make the aforementioned study computationally
feasible. Such a down-sampling would be far from sufficient for
studying parameter distributions or estimating yields for a sur-
vey such as GBTDS. PopSyCLE, considering all NSs in a given
pencil beam without down-sampling, only returns ~10%> NS lens
yields in our simulations. Finally, we note that our weighting
factors assumed axisymmetry; indeed, our simulated samples
of post-kick NS are well described by an axisymmetric distri-
bution, as Sweeney et al. (2022) and StellarMortis did not
include non-axisymmetric components (e.g. a bar) of the Milky
Way potential.

However, as high-performance clusters and simulation codes
develop exponentially, it is conceivable that microlensing simu-
lations are no longer hindered by these computational limitations
in the near future. We have outlined some areas of focus that
might be useful for such a future study. Other limitations dis-
cussed above might also be alleviated in the coming years with
the start of Roman operations, Galactic models informed by
new surveys, including the upcoming Gaia data releases, and
improvements in stellar evolution codes.

Regardless of these limitations, we made promising observa-
tions on the Roman isolated NS population. We found a feature
in the observable parameter space that is characteristic of NSs.
The shape and strength of this feature is dependent on NS kicks.
Hence, it can be leveraged to constrain natal kick distributions.
Similarly, the distance distribution of NS lenses is also depen-
dent on NS kicks. We found that strong kicks exhibit effects
that both strengthen (via high NS velocities) and weaken (via
decreased NS density, especially at low |z|) these characteris-
tic features. The interplay of these effects should be treated
with special care and should ideally be studied with dedicated
simulations focusing on NS dynamics in the future.

In the course of this work, we produced simulations extend-
ing beyond the NS population. We also extended the popclass
classification software (Sallaberry et al. 2025) to include our
simulation results in anticipation of GBTDS. We provide
expected yields of events detectable by Roman for each of
the astrophysical lens classes (stars, WDs, NSs, and BHs). We
demonstrated the effect of the survey strategy and detectability
criteria on the event yields, and we make all simulated events
available with detectability flags so that these criteria can be
further analysed and adjusted. All microlensing event datasets
generated in this study are publicly available.
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