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ABSTRACT

Aims. We present analyses of six microlensing events: KMT-2023-BLG-0548, KMT-2023-BLG-0830, KMT-2023-BLG-0949, KMT-
2024-BLG-1281, KMT-2024-BLG-2059, and KMT-2024-BLG-2242. These were identified in KMTNet data from the 2023-2024
seasons, selected for exhibiting anomalies shorter than one day — potential signatures of low-mass planetary companions. Motivated
by this, we conducted detailed investigations to characterize the nature of the observed perturbations.

Methods. Detailed modeling of the light curves reveals that the anomalies in all six events are caused by planetary companions to the
lenses. The brief durations of the anomalies are attributed to various factors: a low planet-to-host mass ratio (KMT-2024-BLG-2059,
KMT-2024-BLG-2242), a wide planet-host separation (KMT-2023-BLG-0548), small and elongated caustics restricting the source’s
interaction region (KMT-2023-BLG-0830, KMT-2024-BLG-1281), and a partial caustic crossing (KMT-2023-BLG-0949).

Results. We estimated the physical parameters of the lens systems using Bayesian analysis. For KMT-2023-BLG-0548, the posterior
distribution of the lens mass shows two distinct peaks: a low-mass solution indicating a sub-Jovian planet orbiting an M dwarf in the
Galactic disk, and a high-mass solution suggesting a super-Jovian planet around a K-type dwarf in the bulge. KMT-2023-BLG-0830
hosts a Neptune-mass planet orbiting an M dwarf in the Galactic bulge. KMT-2023-BLG-0949 involves a super-Jovian planet orbiting
a ~0.5 M, host located at ~6 kpc. KMT-2024-BLG-2059Lb is a super-Earth with a mass about seven times that of Earth, orbiting
an early M dwarf of ~0.5 M,. KMT-2024-BLG-1281L hosts a planet slightly more massive than Neptune, orbiting an M dwarf of
~0.3 M. The short timescale and small angular Einstein radius of KMT-2024-BLG-2242 suggest a ~0.07 M, primary, likely a brown

dwarf, with a planet of Uranus- or Neptune-like mass.

Key words. gravitational lensing: micro — planets and satellites: detection

1. Introduction

Planetary microlensing signals appear as brief, discontinuous
anomalies in the smooth, symmetric lensing light curve of the
planet-hosting star (Mao & Paczyfiski 1991; Gould & Loeb
1992). These signals arise when the source of a lensing event
passes close to the caustic induced by the planet. Caustics are
regions in the source plane where the magnification of a point
source becomes infinite. When a lens system consists of a planet
and its host star, two distinct types of caustics form. The first is a

* Corresponding author: leecu@kasi.re.kr

small central caustic located near the primary lens, while the sec-
ond is a peripheral caustic situated at a distance of s — 1/s from
the host star. Due to their respective locations, the central caustic
produces anomalies near the peak of a high-magnification event
light curve, whereas the peripheral caustic primarily generates
deviations in the outer regions of the light curve.

The duration of a planetary microlensing signal is primarily
determined by the size of the caustic. For peripheral caustics,
the caustic size scales with the square root of the planet-to-
host mass ratio (Han 2006), whereas for central caustics, it
scales linearly with the mass ratio (Chung et al. 2005). As a
result, lower-mass planets produce smaller caustics, leading to
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shorter-duration planetary signals. Therefore, brief planetary
anomalies in microlensing light curves are more likely to origi-
nate from low-mass planets.

However, short signals in lensing light curves can arise from
factors other than the presence of a low-mass planet. For planet-
induced caustics, their size depends not only on the mass ratio
but also on the projected separation between the planet and its
host star. As a result, if this separation deviates significantly from
the Einstein radius of the lens, a small caustic may form. Addi-
tionally, the signal duration can be shortened if the caustic is
highly elongated and the source crosses it along a direction with
a small cross-sectional area. A similar effect occurs when the
source passes near the edge of the caustic, leading to a reduced
signal duration. Moreover, short-term anomalies can also origi-
nate from non-planetary causes. One such case involves a binary
lens system in which the separation between the two components
is either much smaller or much larger than the Einstein radius
(Han & Gaudi 2008). It is also well known that a faint compan-
ion to the source star can produce a short-term anomaly in the
lensing light curve (Gaudi 1998; Gaudi & Han 2004).

In this paper, we analyze six microlensing events:
KMT-2023-BLG-0548, KMT-2023-BLG-0830, KMT-2023-
BLG-0949, KMT-2024-BLG-1281, KMT-2024-BLG-2059, and
KMT-2024-BLG-2242. These events share a common charac-
teristic of displaying anomalies in their light curves that last less
than a day. Since such short-term anomalies in a lensing light
curve suggest the possible presence of a low-mass planetary
companion to the lens, we conducted detailed analyses of these
events to investigate the origin and nature of the anomalies.

For the presentation of the analyses, the paper is structured
as follows. In Sect. 2, we outline the process of identifying the
anomalies in the lensing light curves of the events analyzed in
this study, along with the data employed for the analysis. In
Sect. 3, we provide an overview of the fundamentals of plane-
tary microlensing and detail the modeling procedure employed
to interpret the anomalies observed in the lensing light curves.
Within the six subsections of Sect. 4, we present the modeling
results for each individual event and discuss the origins of the
anomalies. In Sect. 5, we characterize the source stars for each
event and determine the angular Einstein radii for the events for
which finite-source effects were detected. In Sect. 6, we esti-
mate the masses and distances of the lens systems by performing
Bayesian analyses based on the observables derived from the
analyses. Finally, in Sect. 7, we summarize the findings and
present our conclusions.

2. Observations and data

The lensing events analyzed in this study were identified
by examining microlensing events detected by the Korea
Microlensing Telescope Network (KMTNet; Kim et al. 2016)
during the 2023 and 2024 seasons. The goal was to iden-
tify lensing events that displayed very short-term anoma-
lies in their light curves. From this examination, we found
six lensing events, KMT-2023-BLG-0548, KMT-2023-BLG-
0830, KMT-2023-BLG-0949, KMT-2024-BLG-1281, KMT-
2024-BLG-2059, and KMT-2024-BLG-2242, that each dis-
played short-term anomalies lasting less than a day. These events
were found with the application of the KMTNet EventFinder
system (Kim et al. 2018) applied to the KMTNet data acquired
during the corresponding seasons. The anomalies in these events
were identified with the use of the semi-automatic Anoma-
lyFinder algorithm (Zang et al. 2021).
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We examined the availability of additional data from other
microlensing surveys. Among the events identified by the KMT-
Net survey, KMT-2023-BLG-0949 and KMT-2024-BLG-2059
were also observed by the Optical Gravitational Lensing Experi-
ment (OGLE; Udalski et al. 2015), while KMT-2024-BLG-1281
was observed by the Microlensing Observations in Astrophysics
(MOA; Bond et al. 2001; Sumi et al. 2003). KMT-2024-BLG-
2242 was covered by both the OGLE and MOA surveys. For
these events, we carried out the analysis using the combined data
sets from the respective surveys.

The data for the events were acquired using wide-field tele-
scopes of the survey groups specifically designed for microlens-
ing surveys. The KMTNet group operates three identical tele-
scopes strategically positioned across the Southern Hemisphere
to facilitate continuous observations. These telescopes are
located at the Siding Spring Observatory in Australia (KMTA),
the Cerro Tololo Inter-American Observatory in Chile (KMTC),
and the South African Astronomical Observatory in South
Africa (KMTS). Each KMTNet telescope features a 1.6-meter
aperture and is equipped with a camera that provides a field of
view of 4 square degrees. The OGLE telescope, situated at the
Las Campanas Observatory in Chile, has a 1.3-meter aperture
and a camera offering a field of view of 1.4 square degrees. The
MOA survey conducts observations using a 1.8-meter telescope
stationed at Mt. John University Observatory in New Zealand,
featuring a wide-field camera capable of imaging an area of
2.2 square degrees in a single exposure.

The KMTNet and OGLE surveys primarily conducted obser-
vations in the I band, whereas the MOA survey used a custom
MOA-R filter, which covers a wavelength range of 609—1109 nm.
In all three surveys, a subset of images was also taken in the
V band to enable the measurement of source colors. The pho-
tometry of the events was conducted using the pipelines of
the respective groups. To ensure the optimal quality of data,
the KMTNet data were reprocessed using the code developed
by Yang et al. (2024). The photometric errors estimated by
the automated pipeline were rescaled to align the errors with the
observed scatter in the data and to ensure that the y? value of the
model matched unity for each dataset. This rescaling procedure
was performed in accordance with the methodology outlined in
Yee et al. (2012).

3. Light curve modeling

The modeling process involved determining the lensing param-
eters that best characterize the observed lensing light curves.
For a single-lens single-source (1L1S) event, the light curve is
described by three parameters. The first two parameters, (¢, i),
represent the time of the closest approach between the lens and
source and their separation at that moment. The third parameter,
te, denotes the event timescale, which is defined as the duration
required for the source to traverse the Einstein radius (6g) of the
lens. The parameter uy is expressed in units of 6.

For a binary-lens single-source (2L1S) event, which includes
an additional lens component compared to the 1L1S case, four
additional parameters (s, ¢, @, p) are required for modeling. Here,
s and g represent the projected separation and mass ratio between
the two lens components, respectively. The parameter @ denotes
the angle between the source trajectory and the binary lens axis,
while p is the ratio of the angular source radius (6.) to the
Einstein radius, given by p = 6. /6g. The parameter p is necessary
to account for finite-source effects, which arise when the source
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passes very close to or crosses the caustic, a frequent character-
istic feature of 2L 1S events. The binary separation s is expressed
in units of ég.

Similar to the 2L1S case, modeling a single-lens binary-
source (1L2S) event requires additional parameters. These
parameters are (fy2,Uo2,qgr), Where the first two parameters
denote the approach time and separation of the second source
relative to the lens, respectively, while the last parameter repre-
sents the flux ratio between the secondary and primary sources
(Hwang et al. 2013). For a summary of lensing parameters across
different lens-system configurations, refer to Table 2 of Han et al.
(2023).

The 2L1S modeling was conducted using a hybrid approach
that combines grid and downhill optimization methods. Due
to the large number of model parameters, it is challenging to
identify a lensing solution using a purely grid-based approach.
Therefore, we explored the parameter space for s and g, for which
the lensing magnification changes abruptly with variations in
these parameters, using a grid approach, while the remaining
parameters, for which magnification varies smoothly, were opti-
mized using downhill methods with multiple starting values of
a. Another reason for using the grid approach to search for s
and q is to identify degenerate solutions that might be present in
the plane of these parameters. To compute finite-source magni-
fications, we employed the map-making technique based on the
ray-shooting method (Dong et al. 2006). In this process, varia-
tions in the surface brightness profile of the source star due to
limb darkening were taken into account by considering the spec-
tral type of the star. Details on the determination of the source
type are provided in Sect. 5.

The 1L.2S modeling was carried out by first applying 1L1S
modeling to the light curve while excluding the part around the
anomaly. In the next step, the binary-source parameters responsi-
ble for the anomaly were determined using a downhill approach,
with initial parameters set based on the strength and time of the
anomaly.

4. Analyses of individual events

In the following subsections, we provide a detailed analysis of
each individual event and present the results obtained. For cases
with multiple possible interpretations, we discuss the sources of
the degeneracy.

4.1. KMT-2023-BLG-0548

The lensing event KMT-2023-BLG-0548 occurred on a faint
star at equatorial coordinates (RA,Dec)jo0 = (18:01:23.43,
—27:06:24.30), corresponding to Galactic coordinates (I,b) =
(3°3426, —2°0710). The I-band extinction toward this field is
A; = 2.24, and the baseline source magnitude prior to lensing
magnification was I, = 20.01.

The KMTNet survey first detected the lensing-induced flux
magnification of the source on 2023 April 24 (correspond-
ing to the abridged Heliocentric Julian Date HID’ = HID
— 2460000 = 58), two days after the event had reached its very
high peak magnification of Ay ~ 940. The source lies in the
overlapping region of the KMTNet prime fields BLG03 and
BLG43, which were observed with a cadence of 0.5 hours per
field, corresponding to a combined cadence of 0.25 hours.

Figure 1 shows the lensing light curve of the event,
which appears consistent with a high-magnification 1L1S event.
However, model fitting to the 1L1S framework revealed subtle
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Fig. 1. Light curve of the microlensing event KMT-2023-BLG-0548.
The bottom panel displays the full light curve, while the upper panels
present a zoomed-in view of the peak region along with the residuals for
four different models. The four insets in the bottom panel illustrate the
lens-system configurations corresponding to the four degenerate 2L.1S
solutions. In each inset, the closed figure composed of concave curves
represents the caustics, and the arrowed line indicates the source tra-
jectory. The orange circle, scaled to represent the angular size of the
source, on the trajectory marks the source’s position at the moment of
peak anomaly.

deviations near the peak of the light curve. These anomalies were
brief, lasting only several hours, and were captured by KMTA
observations from the BLG43 field. Although the BLGO3 field
also covered the peak region, its data were excluded from the
analysis due to large photometric uncertainties.

Since a central anomaly in a lensing light curve can be
attributed either to a planet orbiting the lens (Griest & Safizadeh
1998) or to a binary companion located either close to or far from
the lens (Han & Gaudi 2008), we conducted 2L.1S modeling of
the light curve. This analysis resulted in four sets of planetary
solutions, with the full lensing parameters provided in Table 1.
The first two solutions share a similar source trajectory angle of
a ~ 2.27 radians (local A), while the other two have an angle
of @ ~ 0.16 radians (local B), suggesting that the degeneracy
between solutions in the local A and B groups is coincidental.
In contrast, the planetary separations within each local group
follow the relation s¢jose ~ 1/Swide, implying that the similarity
between the model light curves of the degenerate solutions is a
result of the close-wide degeneracy (Dominik 1999). Here, the
terms “close” and “wide” refer to solutions with s < 1 and s > 1,
respectively. Regardless of the specific solution, the estimated
event timescale is ~25 days, and the planet-to-host mass ratios
are on the order of 1073, indicating that the companion to the
lens is likely a planetary object.

In the top panels of Figure 1, we present the model curves
for the solutions in the region surrounding the anomaly. For each
pair of local A and B solutions, we display the model curve of
the close solution as the representative, since the model light
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Table 1. Lensing parameters of solutions for KMT-2023-BLG-0548.
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Parameter 2L1S (Local A) 2L1S (Local B) 1L2S
Close Wide Close Wide

¥ 1911.1 1910.2 1911.6 1911.8 1922.8
to (HID) 56.3041 £ 0.0047 56.3052 +0.0036 56.3051 +0.0032 56.3057 = 0.0033 56.3172 + 0.0023
up (1073) 1.27 £0.39 0.98 + 0.28 1.14 +0.17 1.00 = 0.15 -0.23 +0.78
tg (days) 22.65 +4.7 27.05 +3.63 24.24 +2.95 26.95 + 2.68 20.70 = 2.94
s 042 +0.11 243 +0.43 0.39 £0.08 2.77 £0.51 -
q (1073) 5.32+£2.40 4.51+2.04 3.97 +2.18 455+2.12 -
a (rad) 2.28 £0.10 2.27 +£0.07 0.16 £ 0.05 0.17 £ 0.06 -
p (1073) 1.52 + 0.45 1.37 £ 0.36 1.59 + 0.25 1.43 £0.22 2.45 +0.60
o HID)  — - - - 55.89 +2.19
upp (1073 — - - - 0.005 £ 0.315
qr - - - - 0.14 = 1.18

Notes. HID’ = HID — 2460 000.

curves from the close and wide solutions are nearly identical. In
contrast, the model curves for the local A and B solutions start
to diverge beyond HID" > 53.32, a time interval during which
no data were available to constrain the anomaly. This diver-
gence provides further confirmation that the degeneracy between
the two solutions is accidental, and the ambiguity could have
been resolved if the observations had extended to this region,
which would have allowed for a clearer distinction between the
solutions.

The four insets in the bottom panel of Figure 1 depict the lens
system configurations, illustrating the trajectory of the source
with respect to the caustic induced by the planet. In all degen-
erate solutions, the planet generates a very small central caustic,
with a size less than 0.4% of the Einstein radius. As a result,
the anomaly lasted for a very short duration. The size of the
central caustic depends on both the planetary separation s and
the mass ratio ¢, shrinking as s deviates from unity and as g
decreases (Chung et al. 2005). Given the estimated mass ratio of
g ~ 4 x 1073, which corresponds to that of a giant planet orbit-
ing a normal star, the short duration of the anomaly is attributed
to the significant deviation of s from unity. In all solutions, the
size and shape of the induced caustic are similar. However, for
the Local A solutions, the source crosses the planet-star axis
at an angle of about 41°, while for the Local B solutions, the
angle is smaller, around 9°. Because the source is relatively large
compared to the caustic, significant finite-source effects occur.
Consequently, even though the source passes through the caustic,
the resulting distortion is relatively small due to these substantial
finite-source effects (Bennett & Rhie 1996).

We also considered a model under a 1L2S configuration.
The best-fit parameters for the 1L.2S model are listed in Table 1,
and the corresponding model curve, along with its residuals, is
shown in Figure 1. From the comparison of fits, it was found
that the 1L.2S model provides a poorer fit compared to the 2L1S
model, with a X2 difference of 12.6, indicating that the 1L2S
solution is less favored relative to the 2L1S model.

4.2. KMT-2023-BLG-0830

The source of the event KMT-2023-BLG-0830 is located at
(RA, Dec)jo00 = (18:06:37.91, —28:19:56.32), corresponding to
Galactic coordinates (I,b) = (2°8407, —-3°6823). The source
has a baseline I-band magnitude of Iy = 20.40, with an
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Fig. 2. Lensing light curve of KMT-2023-BLG-0830. The notations are
consistent with those in Fig. 1.

extinction of A; = 1.01 in this direction. The event was exclu-
sively observed by the KMTNet survey, which first detected the
lensing-induced magnification on 2023 May 15 (HID" = 79),
approximately three days before the peak. The source lies in
the overlapping region of the BLG03 and BLG32 fields, which
were monitored with cadences of 0.5 hours and 2.5 hours,
respectively.

Figure 2 presents the lensing light curve of KMT-2023-BLG-
0830, which, at first glance, appears to correspond to a standard
IL1S event with a high peak magnification of approximately
Amax ~ 50. However, a detailed examination of the peak region
of the light curve revealed the presence of a subtle anomaly
occurred at around HJD’ ~ 82.42. This anomaly, which has a
very short duration of about 1.2 hours, was covered by the data
obtained from KMTC observations.

Given the abrupt change in lensing magnification during the
anomaly and its occurrence near the peak of the light curve, we



Table 2. Lensing parameters of solutions for KMT-2023-BLG-0830.
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Parameter 2L1S 1L.2S
Close Wide
x? 1960.2 1960.0 1975.7
to (HID') 82.2810 +£0.0023 82.2806 + 0.0023 82.2714 + 0.0020
up (1072) 2.387 +£0.098 0.023 +0.098 2.909 +0.183
tg (days) 10.65 + 0.40 10.89 +0.38 10.52 £ 0.371
s 0.931 +£0.012 1.103 £ 0.015 -
q (107%) 0.251 + 0.096 0.237 £0.113 -
a (rad) 4.1900 + 0.0065 4.1888 + 0.0064 -
p (1072) - - 2.72+0.42
fop (HID") - - 82.4273 + 0.0052
Uup2 (10_3) - - -0.17 £ 0.48
qr - - 0.0029 + 0.0016

modeled the event under a 2L1S configuration. This analysis
identified two degenerate solutions resulting from the close-
wide degeneracy. From the modeling, we estimated the mass
ratio between the lens components to be approximately g ~
0.25 x 1073, indicating that the companion to the lens is a low-
mass planetary object. The full sets of lensing parameters for
both solutions, along with their corresponding y? values, are pre-
sented in Table 2. The degeneracy between the two solutions is
very severe, with only a marginal difference of Ay? = 0.2. As we
discuss below, the anomaly was caused by the source crossing a
central caustic induced by the planet. However, due to the limited
coverage of the anomaly, the normalized source radius could not
be securely determined.

Figure 2 presents the model light curves and residuals for the
two degenerate 2L1S solutions, while the insets in the bottom
panel illustrate the corresponding lens system configurations.
The configurations reveal that the planet generated a small cen-
tral caustic that is elongated along the planet-host axis, and the
anomaly occurred as the source passed diagonally through this
axis. The short duration of the anomaly resulted from a com-
bination of factors, including the small caustic size, which is
primarily due to the low planetary mass ratio, and the elongated
shape of the caustic, which reduced the cross-sectional area tra-
versed by the source. In the close solution, the peripheral caustic,
which is substantially larger than the central caustic, forms on
the opposite side of the planet, whereas in the wide solution, it
appears on the same side as the planet. However, these peripheral
caustics are located at a considerable distance from the source
trajectory and have no impact on the planetary perturbation.

We found that the 1L2S interpretation is disfavored relative
to the planetary interpretation. This is illustrated in Figure 2,
which displays the model derived under the 1L.2S configuration
along with its residuals. The lensing parameters for the 1L2S
solution are detailed in Table 2. The analysis reveals that the
1L2S model provides a worse fit than the planetary solution,
with a Ay? = 15.7. Upon examining the residuals, it is evident
that the 1L.2S model fails to adequately account for the negative
deviation observed after the main anomaly feature.

4.3. KMT-2023-BLG-0949

The lensing event KMT-2023-BLG-0949 was observed not only
by the KMTNet survey but also through additional observa-
tions conducted by the OGLE group. The KMTNet survey
first detected the event on 2023 April 24 (HID" = 86) during
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Fig. 3. Light curve of KMT-2023-BLG-0949. We note that in addi-
tion to the strong anomaly near the peak, there are also additional weak
extended negative deviations in the rising part of the light curve.

its rising phase, while the OGLE survey reported the discov-
ery of the event a week later. The OGLE ID reference of the
event is OGLE-2023-BLG-0581. Hereafter, we refer to the event
using the KMTNet ID, following the microlensing commu-
nity’s convention of adopting the designation from the survey
group that first discovered the event. The equatorial and Galac-
tic coordinates of the event are (RA, DEC)j000 = (17:33:40.66,
-28:05:29.26) and (1, b) = (-0°6798, 2°67087), respectively. The
baseline magnitude of the source is Iy, = 19.6, and the extinc-
tion toward the field is A; = 2.72. The event peaked at HID" ~
93.2, reaching a relatively high magnification of Apcac ~ 40.
The source is located in the KMTNet BLGI14 field, where
observations were carried out with an hourly cadence.

Figure 3 presents the lensing light curve of KMT-2023-BLG-
0949, which exhibits an anomaly near the peak with a duration
of less than a day. The main portion of the anomaly was covered
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Table 3. Lensing parameters KMT-2023-BLG-0949.

Parameter Close Wide
x? 1710.3 1726.0
to (HID') 93.227 +0.012 93.143 + 0.016
Uo 0.0274 + 0.0024 0.0238 + 0.0019
tg (days) 39.19 +2.59 4228 +2.74
K 0.729 +£0.010 1.184 +£0.010
g (1073 11.77 £ 1.02 7.69 + 0.65
« (rad) 2.5624 + 0.0102 2.6413 + 0.0095
p (1073) <3 <3

by the KMTC data, while its declining phase was captured by
the KMTA data. A detailed examination of the residuals from a
1L1S model revealed the presence of additional weak negative
deviations in an extended region centered at around HID” = 90.

From the 2LL1S modeling of the light curve, we identified
two solutions resulting from the close-wide degeneracy. The
complete lensing parameters for these solutions are presented
in Table 3. The estimated mass ratio between the lens compo-
nents is ¢ = (11.77 £ 1.02) x 1073 for the close solution and
g = (7.69 + 0.65) x 1073 for the wide solution, indicating that
the companion to the lens is a giant planet. The model curves for
the two solutions in the region around the anomaly are shown in
the top panel of Figure 3. It is found that the close solution is
preferred over the wide solution by Ay? = 15.7. A notable point
is that the models in the region not covered by the data are sub-
stantially different, suggesting that the degeneracy between the
two solutions could have been resolved if the sky at the KMTA
sites on the night of HID" = 93 (2023 May 28) had not been
clouded out. Due to the partial coverage of the anomaly, the
normalized source radius could not be securely constrained, and
only its upper limit (opa ~ 3 X 1073) is determined. Modeling
the anomaly under a 1L.2S configuration results in a solution that
is significantly worse than the planetary solution, with a Ay? of
244.2.

The lens-system configurations for the close and wide solu-
tions are displayed in the two insets within the bottom panel of
Figure 3. Unlike previous events, KMT-2023-BLG-0949 reveals
that the central caustics of the close and wide solutions exhibit
less similarity. In the close solution, the central caustic and the
peripheral caustic are clearly separated, whereas in the wide
solution, the two caustics merge to form a single large resonant
caustic. In both cases, the anomaly occurred when the source
crossed the upper left tip of the central caustic. Despite the rela-
tively large size of the caustic, the anomaly had a short duration
because the source traversed only a small portion of it. Addi-
tionally, the weak negative deviation observed before the peak
resulted from the source passing through the extended nega-
tive deviation region on the back side of the central caustic.
Similar planetary signals with extended weak negative devia-
tions have been observed in four previously reported planetary
lensing events: KMT-2020-BLG-0757, KMT-2022-BLG-0732,
KMT-2022-BLG-1787, and KMT-2022-BLG-1852 (Han et al.
2024a).

4.4. KMT-2024-BLG-1281

The lensing event KMT-2024-BLG-1281 occurred on a faint
source with an /-band baseline magnitude of Iy, = 19.70. It
was first identified by the KMTNet survey on June 4, 2024
(HID’ = 465), during the rising part of the light curve, and
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Fig. 4. Light curve of the lensing event KMT-2024-BLG-1281.

was later confirmed by the MOA survey, which designated
the event as MOA-2024-BLG-077. The equatorial and Galac-
tic coordinates of the event are (RA, DEC)j000 = (11:00:40.65,
—32:42:51.30) and (/, b) =(—1°.6220, —4°.7000), respectively. The
event lies within the KMTNet BLG34 field, which is charac-
terized by relatively low extinction (A; = 1.04) compared to
other KMTNet fields. This field was monitored at a cadence of
2.5 hours. The event reached a relatively high magnification of
Amax ~ 25 at HID’ ~ 480.9.

The peak region of a high-magnification event is sensitive to
perturbations caused by a planetary companion. Upon examin-
ing the light curve with this in mind, we identified a short-lived
anomaly lasting less than a day, centered around HID’ ~ 481.2.
Figure 4 presents the light curve of KMT-2024-BLG-1281, with
the lower panel displaying the full view and the upper panel pro-
viding a zoomed-in view of the anomaly region. One KMTS data
point at HID" = 481.269 shows a negative deviation from the
1L1S model, while two other points — a MOA point at HID" =
480.927 and a KMTS point at HID’ = 481.423 — exhibit positive
deviations relative to the 1L1S model. Besides these points, the
KMTC point at HID” = 60480.698 appears to slightly deviate
from the 1L1S model.

Light curve modeling under the 2L.1S configuration revealed
three degenerate solution sets. In all cases, the mass ratio
between the lens components is approximately g ~ 2 X 1074,
indicating that the companion is planetary in nature. For each
solution, the normalized separation between the lens compo-
nents is close to unity, implying that the planet resides near the
Einstein ring. The complete set of lensing parameters for each
solution is listed in Table 4. The solutions are referred to as
“inner,” “outer,” and “intermediate,” as described in the discus-
sion below. The top panel of Figure 4 presents the model light
curves for the three solutions, along with their corresponding
residuals. The intermediate solution yields a better fit than the
inner and outer solutions, with improvements of Ay? = 11.7 and
12.2, respectively. The normalized source radius could not be
constrained because the anomaly was sparsely covered.

The insets within the bottom panel of Figure 4 dis-
plays the lens-system configurations corresponding to the three
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Table 4. Lensing parameters of solutions for KMT-2024-BLG-1281.

Parameter Inner Outer Intermediate
¥ 677.8 678.3 666.1
to (HID') 480.891 + 0.024 480.887 +0.023  480.904 + 0.022
uy (107%) 0.0385 +0.0032 0.0369 + 0.0031 0.0418 +0.0036
tg (days) 35.70 +£2.49 3727 +243 3395 +2.44
S 0.9477 +£0.0091 1.0175+0.0104 0.9817 + 0.0022
q (107%) 2.87+0.48 2.84+0.51 1.75 £0.25
a (rad) 1.396 + 0.026 1.395 £ 0.023 1.414 £ 0.022
p (107%) - - -

solutions. According to the inner solution, the source passed
through the inner side of the peripheral caustic relative to the
planet host, while for the outer solution, the source trajectory
lay on the outer side of the caustic. In the intermediate solu-
tion, the source crossed directly over the caustic. Based on these
configurations, we label the solutions as “inner,” “outer,” and
“intermediate,” respectively. The degeneracy between the inner
and outer solutions was first identified by Gaudi & Gould (1997),
who described it as arising from source trajectories that pass on
opposite sides — inner and outer — of a planetary caustic. Yee
et al. (2021) and Zhang et al. (2022) later demonstrated that this
type of degeneracy can also occur in planetary perturbations
induced by both central and planetary caustics. Subsequently,
Hwang et al. (2022) and Gould et al. (2022) proposed ana-
lytic relations linking the planetary parameters of the degenerate
solutions. For all solutions, the source trajectory passes nearly
vertically through the perturbation region, which is elongated
along the planet-host axis. Combined with the small caustic size
generated by the low-mass planet, this results in a short-duration
perturbation.

4.5. KMT-2024-BLG-2059

The microlensing event KMT-2024-BLG-2059 occurred on a
source with a baseline magnitude of Iy, = 18.12, located
at equatorial coordinates (RA, DEC)po = (18:03:43.14,
—28:34:05.48), corresponding to Galactic coordinates ([, b) =
(2°.3220, —3°2378). The event was first detected by the KMT-
Net survey on 2024 August 5 (HID’ = 527), two days prior
to its peak. It was later independently identified by the OGLE
survey on August 16 (HID” = 538) and designated as OGLE-
2024-BLG-1095. The source lies in the overlapping region of
the two KMTNet prime fields, BLGO3 and BLG43, which were
monitored with a combined cadence of 0.25 hours. This region is
located near Baade’s Window, where the extinction is relatively
low (A; = 0.96).

Figure 5 shows the lensing light curve of the event. Modeling
under the 1L1S configuration revealed that the observed flux is
substantially influenced by blended light. As a result, although
the event reached a relatively high magnification of Apx ~ 20,
the source brightened by only ~0.52 magnitudes above the base-
line at the peak. Due to the sensitivity of high-magnification
events to planetary perturbations, we examined the peak region
of the light curve. This examination revealed a brief anomaly
lasting about 9 hours, as displayed in the top panel of Fig-
ure 5. The anomaly, captured by two KMTS data sets, displays
a negative deviation from the 1L1S model. As demonstrated
by the recently reported planetary events MOA-2022-BLG-
033Lb, KMT-2023-BLG-0119Lb, and KMT-2023-BLG-1896Lb
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Fig. 5. Lensing light curve of the event KMT-2024-BLG-2059.

Table 5. Lensing parameters KMT-2024-BLG-2059.

Parameter Inner Outer
b 8599.50 8599.27
to (HID') 529.512 £ 0.016 529.519 = 0.016
Uo 0.0480 = 0.0030 0.0472 = 0.0030
tg (days) 31.68 +1.71 3191 +£1.72
K 0.937 £0.014 1.021 £ 0.015
q (107) 3.90 +2.39 4,04 £2.51
a (rad) 1.607 +0.012 1.616 +£0.012
p (107%) - -

(Han et al. 2025), such short-duration dips near the peak of
a high-magnification event are strong indicators of a planetary
origin.

Detailed modeling of the light curve confirmed the plan-
etary nature of the anomaly. The analysis yielded two local
solutions arising from the inner-outer degeneracy. The planet
parameters are (s,q) ~ (0.94,3.9 x 1073) for the inner solu-
tion and (1.02,4.0 x 107°) for the outer solution. The full sets
of lensing parameters for both solutions are listed in Table 5.
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Fig. 6. Lensing light curve of KMT-2024-BLG-2242.

We exclude the 1L2S interpretation, as perturbations induced
by a source companion always produce positive deviations. The
model curves for the two solutions, along with their residuals,
are presented in the upper panels of Figure 5. The fits are nearly
indistinguishable, with a y? difference of only Ay? = 0.23.

The two insets in the bottom panel of Figure 5 illustrate the
lens-system configurations corresponding to the inner and outer
solutions. As in the case of KMT-2024-BLG-1281, the source
trajectory passes through the inner side of the peripheral caustic
in the inner solution and through the outer side in the outer solu-
tion. The dip-like anomaly arose as the source crossed a region of
negative deviation located on the backside of the central caustic
along the planet-host axis. The short duration of the perturba-
tion results from the nearly vertical source trajectory across the
anomaly region, combined with the small caustic size produced
by the low-mass planet. The normalized source radius could not
be constrained, as the source did not intersect the caustic.

4.6. KMT-2024-BLG-2242

The lensing event KMT-2024-BLG-2242 occurred on a source
with a relatively bright baseline magnitude of I,,s. = 16.68. The
source is located at equatorial coordinates (RA, DEC)j000 =
(17:53:39.60, —29:33:37.12) and Galactic coordinates ([,b) =
(023655, —1°.8252). The extinction toward this fieldis A; = 1.84.
The event was independently identified in its early phase by all
three active microlensing surveys. KMTNet and MOA detected it
on the same day, August 19 (HJD’ = 541), while OGLE reported
the detection several days later. We adopt the KMTNet designa-
tion for the event. The corresponding event IDs from the MOA
and OGLE surveys are MOA-2024-BLG-204 and OGLE-2024-
BLG-1122, respectively. The event reached a peak magnification
of Apax ~ 2.3 at HID’ = 545.2. Although the timescale was
short, g ~ 4.6 days as derived from a 1L1S model fit, the
light curve was densely covered thanks to the event’s loca-
tion in KMTNet prime fields BLG02 and BLG42, which were
monitored with a combined cadence of 15 minutes.
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The lensing light curve of KMT-2024-BLG-2242 is shown in
Figure 6. Although it initially resembles a standard 1L1S event,
a closer inspection of the peak region reveals a brief anomaly
lasting less than a day. This deviation, captured by the com-
bined KMTS, KMTC, and OGLE data sets, appears as a bump
with a positive deviation from the 1L.1S model. If this anomaly
is attributed to a planetary companion, its short duration sug-
gests the presence of a low-mass planet. In such a case, it is
unlikely that the perturbation was caused by the central caustic,
as the central caustic induced by a low-mass planet is too small
to generate a signal at low magnification. A more plausible inter-
pretation is that the bump-like anomaly resulted from the source
passing nearly perpendicularly through the perturbation region
associated with the peripheral caustic.

Detailed modeling confirms the planetary origin of the
anomaly. We identified two degenerate solutions resulting
from the inner-outer degeneracy. The planetary parameters are
approximately (s,q) ~ (1.35,7.5 x 107*) for the inner solution
and (s,q) ~ (1.18,6.0 % 10™*) for the outer solution, indicating
that the companion is a low-mass planet. The complete param-
eter sets for both solutions are provided in Table 6, and the
corresponding model curves and residuals are presented in the
upper panels of Figure 6. The two solutions are very degenerate,
with the outer solution being slightly favored by Ay? = 4.2.

We also considered the possibility that the anomaly was
caused by a binary companion to the source. Modeling under
a 1L2S configuration produced a fit comparable to those of the
planetary models. The full set of parameters for the 1L.2S solu-
tion is presented in Table 6. According to this model, the source
companion is extremely faint, with a flux ratio to the primary of
gr ~ 2 x 1073, However, the inferred normalized source radius,
02 ~30x 1073, corresponds to that of a giant star. This inconsis-
tency between the companion’s faintness and its large angular
size is physically implausible, leading us to reject the 1L.2S
interpretation for the anomaly.

The lens-system configurations corresponding to the inner
and outer planetary solutions are presented in the two insets
within the bottom panel of Figure 6. As anticipated from the
heuristic analysis, the anomaly was caused by the source pass-
ing nearly vertically through the perturbation region induced by
the peripheral caustic. In the inner solution, the source trajectory
passes on the inner side of the caustic, while in the outer solution,
it passes on the outer side. The short duration of the anomaly is
primarily due to the small size of the caustic, which results from
the low planet-to-host mass ratio. Although the source does not
cross the caustic in either solution, the normalized source radius
was nonetheless constrained, albeit with relatively large uncer-
tainty. This was made possible by the substantial angular size of
the source, as discussed in the following section.

5. Source stars

Identifying the source of a lensing event is essential not only for
fully characterizing the event but also for estimating the angular
Einstein radius. Determining the source type allows one to esti-
mate the angular source radius, 6,. With this value, the angular
Einstein radius can be calculated using the relation

0.
O = —, ey
0

where p is the normalized source radius, derived from model-
ing events that exhibit measurable finite-source effects. Among
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Table 6. Lensing parameters of KMT-2024-BLG-2242.

Parameter 2L1S 1L.2S
Inner Outer

x? 9514.4 9510.2 9519.7
to (HID') 5452133 £0.0044 545.2108 = 0.0046  545.2040 + 0.0046
Uo 0.480 +0.011 0.480 +£0.011 0.507 £ 0.013
tg (days) 4.687 +0.068 4.692 + 0.067 4.596 + 0.072
s 1.384 £ 0.031 1.179 £ 0.026 -
g (107%) 7.52 +1.511 6.04 + 1.51 -
a (rad) 4.6308 +0.0051 4.6223 +0.0051 -
p (1073) 41.64 +11.18 43.22 + 10.56 -
top (HID") - - 545.4071 + 0.0095
Uo2 — - -0.003 £ 0.012
p2 (1073) — - 30.21 £3.42
gr (1073) - - 2.01+0.31
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Fig. 7. Locations of source stars (blue dots) with respect to the centroid of the red giant clump (RGC, red dots) in the instrumental color-magnitude
diagrams of the six planetary lensing events. For events with measured blended flux, the positions of the blend (green dots) are also indicated.

the analyzed events, p was reliably measured for KMT-2023-
BLG-0548, KMT-2024-BLG-1281, and KMT-2024-BLG-2242,
allowing for the estimation of the angular Einstein radius, 0g.
For KMT-2023-BLG-0949, only an upper limit on p could be
determined, which in turn provides a lower limit on 6.

To determine the source type, we began by estimating the
instrumental color and magnitude. This was achieved by regress-
ing the observed flux Fps(f) in the I and V passbands against the
model magnification Anoger(?);

Fops(t) = Amogel O F s + Fp, ()

where F; and F), represent the flux values of the source and the
blend, respectively. The instrumental color and magnitude, (V —
I, 1), were subsequently calibrated using the method described
by Yoo et al. (2004), which employs the centroid of the red giant
clump (RGC) in the color-magnitude diagram (CMD) as a ref-
erence. The RGC centroid serves as a reference for calibration
because its de-reddened color and magnitude, (V — I, I)rgc 0, are
known in previous studies by Bensby et al. (2013) and Nataf et al.
(2013). By measuring the offsets A(V — I, I) between the source
and the RGC centroid in the instrumental CMD, the de-reddened
values of the source are determined as

(V=1,D50 = (V-1 Dreco+ AV -1D. 3)

Figure 7 shows the positions of the source stars relative to
the RGC centroids on the instrumental CMDs, constructed from

stars located near the source in each event. For events with mea-
sured blended flux, we also indicate the positions of the blend.
The CMDs were generated using photometry performed with
the pyDIA photometry code (Albrow et al. 2017), which was
also used to measure the source color. The estimated values of
(V—I, I)S, (V—I,I)Rgc, (V_I’I)RGC,O, and (V—I,I)s‘() are pre-
sented in Table 7. With the exception of KMT-2024-BLG-2242,
the measured colors and magnitudes indicate that the source stars
are main-sequence stars with spectral types ranging from mid-G
to early-M. In the case of KMT-2024-BLG-2242, the source is
identified as a K-type giant with a much larger angular radius
than those of the other events. This accounts for the ability to
measure the normalized source radius in this case, even though
the source passed the caustic at a relatively large separation.
The angular source radius was estimated using the measured
color and magnitude of the source star, based on the empirical
relation of Kervella et al. (2004), which links (V — K, I) to 6,.
Because this relation requires (V — K, K) as input, the observed
(V —I,1) values were converted to (V — K, K) using the color-
color transformation provided by Bessell & Brett (1988). With
the derived angular source radius, the angular Einstein radius,
0g, was computed using Equation (1). The relative lens-source
proper motion, i, was then obtained from the event timescale,
tg, determined through modeling, via the relation y = g /1.
The resulting values of 6 and u are summarized in Table 8
for the three events exhibiting finite-source effects: KMT-2023-
BLG-0548, KMT-2024-BLG-1281, and KMT-2024-BLG-2242.
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Event vV -D; (V - Drec (V= Dsp I Irge Iso 6. (pas)
KMT-2023-BLG-0548  4.203 + 0.543 3.218 2.045+0.545 23797 £0.023 14.343 21.347+0.030 043 +0.24
KMT-2023-BLG-0830  1.913 +0.026 2.105 0.868 £0.048 20.511 +£0.004 14.354 19.300+0.020 0.518 +0.044
KMT-2023-BLG-0949  2.772 + 0.068 3.101 0.731 £0.079  21.465+0.005 14.339 18.644 +£0.021  0.600 + 0.063
KMT-2024-BLG-1281  1.825 +0.085 2.009 0.876 +£0.094 21.143+0.008 14.535 19.828 +0.021 0.410 +0.048
KMT-2024-BLG-2059  1.980 + 0.084 2.011 1.029+£0.093 21.730+0.010 14593 20.784 £0.022  0.314 +0.037
KMT-2024-BLG-2242  2.669 +0.018 2.762 0.967 £0.044 16.926 £0.004 14.545 15.057 £0.020 4.213 +0.348

Notes. (V - ])RGC,O = 1.06.
Table 8. Angular Einstein radii. LE KT 3053 BLC 0848
04 -
02 E
Event G (mas) p (mas/yr) SRR e
KMT-2023-BLG-0548 0.38 +0.23 391 +2.38 o6 E
KMT-2023-BLG-0949 >0.2 >1.7 e
KMT-2024-BLG-1281 0.233 £ 0.069 2.260 £ 0.671 N e ey R ——
KMT-2024-BLG-2242 0.090 + 0.021 6.963 + 1.667 /MJ_,_,_,_'J—\_,—LL_H

For KMT-2023-BLG-0949, where only an upper limit on p could
be constrained, lower limits on 6 and u are provided. Notably,
the angular Einstein radius measured for KMT-2024-BLG-2242,
Oz = 0.090 + 0.021 mas, is significantly smaller than those of the
other events. Combined with its short timescale of g = 4.687 +
0.068 days, this indicates that the lens likely has a very low mass.

6. Physical lens parameters

The physical parameters of the lens, including its mass (M)
and distance (D), were determined by performing a Bayesian
analysis. This analysis incorporated priors based on the Galac-
tic model and the mass function of Galactic objects, along with
constraints provided by the measured lensing observables. The
lensing observables that provide constraints on M and Dy are
the event timescale tg, the angular Einstein radius g, and the
microlens parallax mg because they are related to the physical
parameters through the following relations:

Tlrel
tE - T = —
M

O = (kMnwe)'?,  7g .
O

“)

Here k = 4G/(c*AU) ~ 8.144 mas/M, me = AU(1/Ds — 1/Ds)

represents the relative lens-source parallax, and Dg is the dis-

tance to the source. With the complete measurements of these

observables, the lens mass and distance can be uniquely deter-

mined using the relations
O

AU
M = 5 DL = —,
KTTg mgOg + 7

®)

where ng = AU/Dg. However, in none of the observed events
were all three lensing observables measured in full. As a result,
we inferred the physical parameters by performing a Bayesian
analysis. This approach incorporates not only the constraints
from the measured observables but also prior information based
on the physical and dynamical distributions of lenses, as well as
their mass function.

The Bayesian analysis commenced with the generation of a
large set of synthetic lensing events. The physical parameters of
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Table 9. Physical lens parameters.

Han, C., etal.: A&A, 702, A152 (2025)

Event Parameters Pdisk  Dbulge
Model My (Mo) M, (M)  Dp(kpe) a (AU) (%) (%)
KMT-2023-BLG-0548
Low mass 0.123%)073 432418 77 23
Local A, close - 0.69*031 - 0.49*909
Local A, wide - 0.58t§:§2 - 2.82f§:§§
+0. +0.
Local B, close - 0.51735 - 0.457 505
Local B, wide - 0.58t8:g§ - 3.22f8:§§
High mass 0.72f8:fg 6.83f{% 27 73
Local A, close - 4.04ﬂ:gg - 1.18”_’8:%
Local A, wide - 3.42%088 - 6.857]42
Local B, close - 3.01755% - 1.10*939
Local B, wide - 34542 - 7.817199
KMT-2023-BLG-0830  0.22*03% 7.257103 14 86
Close - 0.059f§:§§§ - 1 .43f§:§§
; +0. +0.
Wide - 0.056"3; - 1.70%)33
KMT-2023-BLG-0949  0.48+033 6.067164 54 46
Close - 5.98+436  _ 2.03+066
Wide - 3.913:32 - 3.30f(1):§g
035 0.066 1.09 030
KMT-2024-BLG-1281  0.32+035  0.06070%6  7.18+109 196030 24 76
KMT-2024-BLG-2059  0.51*028 6.07*13 45 55
Inner - 0.0Zng:gg - 2.78f§:§2
+0..
Outer - - - 2.55% %0
KMT-2024-BLG-2242  0.069*(20 7.62+191 2 78
0.095 0.
Inner - 0.055%5 00 — I.OSfO_{i
Outer - 0.044f8:8;2 - 0.891’8:}%

Notes. M, and My, denote the masses of the planet and its host star, respectively. Dy, indicates the distance, while a, is the projected separation
between the planet and the host. The quantities pgigc and pyuge represent the probabilities that the planetary system is located in the disk and the

bulge, respectively.

each synthetic event, (M;, Dy ;, Ds;, i;), were assigned using a
Monte Carlo simulation based on a prior Galactic model and
lens mass function. For the Galactic model, which describes the
physical and dynamical distributions of lensing objects in the
Galaxy, we adopted the model outlined in Jung et al. (2021).
In this model, the Galaxy is basically represented as a triax-
ial bulge plus a double-exponential disk with some refinement
based on Gaia data and observed disk rotation curve. For the
lens mass function, which characterizes the distributions of lens
masses, we employed the model detailed in Jung et al. (2022),
which includes contribution from stars, brown dwarfs, and rem-
nants (white dwarfs, neutron stars, and black holes). For each
synthetic event, we calculated the lensing observables corre-
sponding to the assigned physical parameters using the relations
in Eq. (4). Based on the ensemble of generated synthetic events,
the posterior probability distributions of the lens mass, M and
distance, Dy, were derived by weighting each event according
to its consistency with the observed lensing observables. The
applied weight accounts for how well the simulated observables
match the measured values and is defined as

b = ex _/\/_,-2_ 2_(lE,i—lE)2+
T ) T oy

(O — O)*
o (0g)?

(6)

Here, (tg,6g) are the observed Einstein timescale and angular
Einstein radius, and o (fg), 0(6g) denote their respective uncer-
tainties. For events without a measured 0, the second term in
the y? calculation in Eq. (6) is not included.

Figures 8 and 9 present the posterior distributions of the lens
mass and distance obtained from the Bayesian analysis. The esti-
mated physical parameters, including My, M,, Dy, and a,, are
summarized in Table 9. Here, M}, and M, represent the masses
of the host star and planet, respectively, while a, denotes the
projected separation between the planet and its host. The median
value of each parameter was adopted as the representative esti-
mate, with the lower and upper limits defined by the 16th and
84th percentiles of the posterior distribution, respectively. The
tables also provide the probabilities of the lens residing in the
Galactic disk (pgisk) or bulge (ppuige)-

For KMT-2023-BLG-0548, the posterior distribution of the
lens mass reveals two distinct peaks: one at M} ~ 0.12 M (low-
mass peak) and another at M ~ 0.72 M, (high-mass peak). To
account for this bimodal distribution, we separately estimated
the physical parameters associated with each peak. Based on the
posterior distribution near the low-mass peak, the planetary com-
panion is estimated to have a sub-Jovian mass of approximately
0.6 M;. In contrast, the posterior distribution near the high-mass
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peak suggests a significantly more massive planet, with a super-
Jovian mass of approximately 3.5 Mj. The host star associated
with the low-mass peak is an M dwarf located in the Galactic
disk, whereas the host corresponding to the high-mass peak is a
K-type dwarf situated in the Galactic bulge.

For the event KMT-2023-BLG-0830, the lens system con-
sists of a planet with a mass of approximately ~0.06 Mj,
comparable to the mass of Neptune in the solar system, and a
host star with a mass of approximately ~0.22 M, correspond-
ing to a mid-M dwarf. The estimated distance to the system,
Dy, ~ 7.3 kpc, strongly suggests that this planetary system is
likely located in the Galactic bulge.

The companion of KMT-2023-BLG-0949L is a giant planet
with an estimated mass of about ~6 Mj for the close solution and
~4 Mj for the wide solution. The host star, which has roughly
half the mass of the Sun, is situated at a distance of approxi-
mately ~6 kpc. The likelihood of this planetary system being
located in the Galactic disk or bulge is nearly equal.

For KMT-2024-BLG-1281, the lens parameters were esti-
mated based on the intermediate solution, which provides a
better fit than the alternative models. The planet has a mass
slightly greater than that of Neptune in the Solar System and
orbits an M-dwarf host star with a mass of approximately
~0.3 M. This planetary system is more likely located in the
Galactic bulge than in the disk.

The planet KMT-2024-BLG-2059Lb has an estimated mass
of about seven times that of Earth, placing it in the category of
super-Earths. Its host star has a mass of approximately My ~
0.5 Mg, consistent with an early M-type dwarf. Based on the
inferred lens parameters and Galactic model, the probabilities of
the planetary system being located in the Galactic disk or bulge
are roughly equal.

The short timescale and small angular Einstein radius of
KMT-2024-BLG-2242 suggest that the primary lens has a low
mass, estimated at My ~ 0.07 M. This mass falls below the
threshold for hydrogen burning, indicating that the host is likely
a brown dwarf. The planet, with an estimated mass of 17 or
14 Earth masses depending on the solution, is similar in mass
to Uranus and Neptune in the Solar System. Including KMT-
2024-BLG-2242Lb, a total of 16 planets orbiting brown dwarf
hosts have been discovered through microlensing (see Table
3 of Han et al. 2024¢). This finding underscores the capabil-
ity of microlensing to detect planetary systems around faint or
non-luminous hosts.

7. Summary and conclusion

We carried out detailed analyses of six microlensing events:
KMT-2023-BLG-0548, KMT-2023-BLG-0830, KMT-2023-
BLG-0949, KMT-2024-BLG-1281, KMT-2024-BLG-2059,
and KMT-2024-BLG-2242. These events were identified in
the KMTNet survey data collected during the 2023 and 2024
observing seasons, as part of a targeted search for microlensing
events exhibiting anomalies with durations shorter than one
day. Such short-lived anomalies may indicate the presence
of a planetary companion to the lens, prompting a detailed
investigation to determine the nature and origin of the observed
perturbations.

We modeled the observed light curves using various lens-
system configurations that could produce short-term anomalies,
including a planetary companion to the lens, a very wide or
close binary lens companion, and a faint source companion. We
also considered the potential for multiple interpretations due to
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lensing degeneracies. We found that planetary companions to the
lenses are responsible for the anomalies in all analyzed events.
In the case of the two events KMT-2024-BLG-2059 and KMT-
2024-BLG-2242, the duration was short due to the small caustic
size induced by low-mass planet. However, the short durations
of anomalies in other events arose from different causes. In the
case of KMT-2023-BLG-0548, the anomaly was brief due to
the substantial deviation of the planetary separation from the
Einstein radius, leading to a small caustic size. For KMT-2023-
BLG-0830 and KMT-2024-BLG-1281, the short duration of the
anomaly was caused by a combination of a small planet-to-host
mass ratio and the restricted crossing area of the source, resulting
from the elongated shape of the caustic. In KMT-2023-BLG-
0949, the source traversed only a small portion of the caustic,
which resulted in the short-lived anomaly.

We determined the physical parameters of the lens sys-
tems through Bayesian analysis, combining constraints from the
observed lensing parameters with priors based on a Galactic
model and the lens mass function to estimate the most prob-
able values. For KMT-2023-BLG-0548, the Bayesian posterior
shows two distinct mass peaks: the lower-mass peak suggests a
sub-Jovian planet orbiting an M dwarf in the Galactic disk, while
the higher-mass peak indicates a super-Jovian planet around a
K-type dwarf in the bulge. For KMT-2023-BLG-0830, the lens
system comprises a Neptune-mass planet orbiting an M dwarf,
located in the Galactic bulge. For KMT-2023-BLG-0949, the
lens system consists of a super-Jovian planet orbiting a ~0.5 M,
host at a distance of roughly 6 kpc. For KMT-2024-BLG-128],
the lens is consisted of a planet with a mass slightly greater than
that of Neptune and and an M-dwarf host star. The planet KMT-
2024-BLG-2059Lb, with a mass about seven times that of Earth,
is classified as a super-Earth and orbits an M dwarf of ~0.5 M.
The short timescale and small angular Einstein radius of KMT-
2024-BLG-2242 suggest a ~0.07 M, host, likely a brown dwarf,
with a planet comparable in mass to Uranus or Neptune.

Although the physical parameters of the lens in the analyzed
microlensing events are subject to considerable uncertainty due
to incomplete measurements of the lensing observables, these
uncertainties can be significantly mitigated through future high-
resolution follow-up observations. Instruments such as the Keck
Adaptive Optics (AO) system on the 10-meter Keck Telescope
and the upcoming 30-meter European Extremely Large Tele-
scope (E-ELT), which is expected to become operational around
2030, will facilitate such observations. High-resolution imaging
will enable the spatial resolution of the lens and source, allow-
ing for direct confirmation of microlensing models by comparing
the lens-source relative proper motion inferred from light curve
modeling with that measured from follow-up data. Furthermore,
resolving the lens will provide tighter constraints on the proper-
ties of the planetary host and help to break degeneracies in the
estimates of lens mass and distance, particularly in cases with
multiple degenerate solutions, such as KMT-2023-BLG-0548.

Among the six newly discovered planets, four are found
to have masses significantly lower than that of Jupiter in our
solar system. Recently, Zang et al. (2025) conducted a statis-
tical analysis of planet-to-host mass ratios using a sample of
exoplanets discovered through the KMTNet survey, revealing
that planets in Jupiter-like orbits exhibit a bimodal distribu-
tion, with distinct peaks corresponding to super-Earths and gas
giants. Of the low-mass planets reported in this study, KMT-
2024-BLG-2059Lb falls into the super-Earth category, while the
other three (KMT-2023-BLG-083Lb, KMT-2024-BLG-1281Lb,
and KMT-2024-BLG-2242Lb) are comparable in mass to
Uranus-like planets in our solar system. Although the Zang
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et al. study was based on a total of 63 planets, this sample
size remains relatively limited. The newly reported planets are
therefore expected to contribute meaningfully to refining the
statistical analysis and improving the robustness of conclusions
about the demographics of cold exoplanets.
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