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ABSTRACT

We discuss ASASSN-24fw, a 13th-magnitude star that optically faded by ∆g = 4.12 ± 0.02 mag
starting in September 2024 after over a decade of quiescence in ASAS-SN. The dimming lasted ∼8
months before returning to quiescence in late May 2025. The spectral energy distribution (SED)
before the event is that of a pre-main sequence or a modestly evolved F star with some warm dust
emission. The shape of the optical SED during the dim phase is unchanged and the optical and
near-infrared spectra are those of an F star. The SED and the dilution of some of the F star infrared
absorption features near minimum suggest the presence of a ∼0.25M⊙ M dwarf binary companion.
The 43.8 year period proposed by Nair & Denisenko (2024) appears correct and is probably half the
precession period of a circumbinary disk. The optical eclipse is nearly achromatic, although slightly
deeper in bluer filters, ∆(g − z) = 0.31± 0.15 mag, and the V band emission is polarized by up to 4%.
The materials most able to produce such small optical color changes and a high polarization are big
(∼20 µm) carbonaceous or water ice grains. Particle distributions dominated by big grains are seen in
protoplanetary disks, Saturn-like ring systems and evolved debris disks. We also carry out a survey
of occultation events, finding 46 additional systems, of which only 7 (4) closely match ε Aurigae (KH
15D), the two archetypes of stars with long and deep eclipses. The full sample is widely distributed
in an optical color-magnitude diagram, but roughly half show a mid-IR excess. It is likely many of
the others have cooler dust since it seems essential to produce the events.
Subject headings: Eclipses (442), Protoplanetary disks (1300), Circumstellar disks (235), Dust com-

position (2271)

1. INTRODUCTION

Long-duration and deep stellar dimming events have
been serendipitously discovered over the years, and
they are traditionally discussed in the context of two
archetypes with eclipses caused by disks: ε Aurigae (Car-
roll et al. 1991) and KH 15D (Kearns & Herbst 1998).
ε Aur has ∆V=0.75 mag deep, nearly two-year-long
eclipses with a period of 27.1 years (Stefanik et al. 2010).
The eclipsed star is a F0 supergiant in a binary system
where the companion is a B star surrounded by an op-
tically thick disk (Hoard et al. 2010). KH 15D is a pre-
main-sequence binary star occulted by a circumbinary
disk (Winn et al. 2006). The binary orbital period is 48
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days, but the depth and duration of the eclipses are vari-
able due to the precession of the disk. The eclipses can
be as deep as 5 mag in the I band (Winn et al. 2006;
Poon et al. 2021).
However, the increasing numbers of long-term time

domain surveys have led to the discovery of several
dozen systems with long and deep eclipses showing dif-
ferent phenomena. For example, the substructure of the
eclipses of 1SWASP J140747.93−394542.6 (V1400 Cen)
is explained as occultations by ring structures (Mamajek
et al. 2012; van Werkhoven et al. 2014; Kenworthy et al.
2015) and the eclipse shape of ASASSN-21js is explained
by a ringed disk (Pramono et al. 2024). Some events are
claimed to be created by debris from collisions between
orbiting objects, producing irregularly shaped eclipses
that are usually aperiodic and of variable duration, ex-
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amples are KIC 8462852 (commonly known as Tabby’s
Star, Boyajian et al. 2016), TYC 8830 410 1 (Melis et al.
2021), TIC 400799224 (Powell et al. 2021), and ASASSN-
21qj (Marshall et al. 2023; Kenworthy et al. 2023).
Long and deep stellar dimming provides a unique lab-

oratory to study stars (or binary stars) surrounded by
large, often dusty, structures and to understand the evo-
lutionary and dynamical conditions that can lead to such
configurations. Increasing the population of long and
deep dimming events will also help to assess whether
there are features common to all systems and to sys-
tematically categorize them.
The All-Sky Automated Survey for Supernovae

(ASAS-SN) project (Shappee et al. 2014; Kochanek et al.
2017; Hart et al. 2023), which consists of 20 telescopes lo-
cated in Hawai‘i, Texas, Chile, and South Africa. ASAS-
SN automatically surveyed the entire night sky daily in
the V band from 2012 to 2018 and in the Sloan g band
since 2018 with a depth of g ∼ 18.5 mag in good con-
ditions. The goal of the project is to identify transient
events, primarily supernova explosions, but also tidal dis-
ruption events, eclipsing binaries and variable stars.
ASAS-SN has already discovered several long and

deep dimming events. For example, ASASSN-V
J213939.3−702817.4 (Jayasinghe et al. 2019) faded 1.3
magnitudes during 3 days in June 2019 and ASASSN-V
J060000.76−310027.83 (Way et al. 2019) had an irreg-
ularly shaped event that started in October 2019 and
lasted 580 days with a maximum depth of 0.9 magni-
tudes. ASASSN-21co (Way et al. 2021; Rowan et al.
2021) underwent two 0.6 mag dimming events, one in
April 2009 and the other in March 2021. The 66-day
eclipses can be explained by two M giant stars and the
event separation suggests a period of 11.9 years. This has
been confirmed with the recent detection of a 0.2 mag
secondary eclipse (JoHantgen et al. 2025b). In June
2021, ASAS-SN reported1 a star undergoing a fading
event, ASASSN-21js. The eclipse, which is still ongo-
ing, is asymmetric and as deep as 20%. Pramono et al.
(2024) modeled it as an eclipse caused by two concen-
tric rings around a substellar object bound to a main-
sequence star. The optical dimming event in ASASSN-
21qj began on August 2021 (Rizzo Smith et al. 2021,
2022). In fact, the star started exhibiting an infrared
excess 2.5 years before the aperiodic, irregular optical
obscuration began and lasted for 500 days. Kenworthy
et al. (2023) and Marshall et al. (2023) both explain the
event with a collision creating a debris cloud that later
transits in front of the star. ASASSN-24fa (JoHantgen
et al. 2024b) is a short-timescale variable that has been
undergoing a 0.3 mag dimming event since March 2022.
Recently, ASAS-SN reported two 0.9 mag dimmings sep-
arated by a month in ASASSN-25bv (JoHantgen et al.
2025a).
On September 27, 2024, ASAS-SN reported another

deep dimming event, ASASSN-24fw (JoHantgen et al.
2024a). Previously, the star showed no variability since
first observed by ASAS-SN in February 2012. It then
developed a deep (4.1 mag), symmetric, obscuring event
lasting 8 months before recovering at the end of May
2025, as shown in Fig. 1. In this paper, we study this
nearly total eclipse and discuss scenarios for its origin. In

1 https://www.astronomy.ohio-state.edu/asassn/transients.html

TABLE 1
Gaia DR3 astrometric solutions, Bailer-Jones et al. (2021)
distance and mwdust pre-event foreground extinction of

ASASSN-24fw.

Parameter Value

Target ID 3152916838954800512
RAJ2016 106.3291 deg
DECJ2016 6.2054 deg
Galactic lJ2016 208.9677 deg
Galactic bJ2016 5.9024 deg
Parallax 0.9583±0.0152 mas
RA proper motion −3.7500±0.0162 mas yr−1

DEC proper motion −7.6121±0.0144 mas yr−1

Distance 1011+15
−23 pc

E(B − V ) 0.062 mag

Section 2 we describe the data used to characterize this
system and the properties of the quiescent system. Sec-
tion 3 is devoted to the analysis of the observations and
inferring the properties of the occulted star, the occul-
ter, and the orbit and geometry of the system. We put
this event into context with a survey of long and deep
eclipses in Section 4 and summarize the results in Sec-
tion 5. A simultaneous article about ASASSN-24fw has
been presented independently by Zakamska et al. (2025)
with complementary observations during the occultation.

2. OBSERVATIONS

The quiescent star associated with ASASSN-24fw was
observed by several different surveys before the dimming
event. Table 1 summarizes the Gaia (Gaia Collabora-
tion et al. 2016, 2023) astrometric properties, the pho-
togeometric distance from Bailer-Jones et al. (2021) and
the estimated foreground extinction based on the mwdust
(Bovy et al. 2016) 3D dust models (a combination of
Drimmel et al. 2003, Marshall et al. 2006, and Green
et al. 2019).

2.1. Archival photometry

Table 2 summarizes the available archival photome-
try of the star. We include u/v data from SkyMap-
per (DR4 doi:10.25914/5M47-S621, Onken et al. 2024),
g/z data from the Panoramic Survey Telescope and
Rapid Response System (Pan-STARRS, Chambers et al.
2016; Flewelling et al. 2020), g/r/i/z data from
the ATLAS All-Sky Stellar Reference Catalog (REF-
CAT, doi:10.17909/t9-2p3r-7651, Tonry et al. 2018),
J/H/Ks data from the Two Micron All-Sky Sur-
vey (2MASS, Cutri et al. 2003) and W1/W2/W3/W4
(3.4/4.6/12/22µm, respectively) data from AllWISE
(Wright et al. 2010; Mainzer et al. 2011). The magni-
tudes are reported in their natural photometric system,
(i.e., the Vega system for 2MASS and WISE and the AB
system for the rest).

2.2. Current photometry

The ASAS-SN project has monitored the star since
February 16, 2012 with 4346 epochs. The star was ob-
served in the V band until November 28, 2018 with a
stable magnitude of V = 12.90 mag and a standard de-
viation about the mean of 0.02 mag. It was observed in
the g band from April 12, 2018 until the start of the dim-
ming event, with a mean magnitude of 13.11 mag and a
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Fig. 1.— The light curve of the event. The grey shaded band shows the ingress (egress) period of 24 (18) days over which the magnitude
of the star drops from 0.2 to 3.5 mag with respect to the quiescent magnitude. The LCOGT, POISE and ROS2 u, B, g, V , r, i and zs light
curves are shown with squares and the ATLAS c and o light curves are shown with brown and pink diamonds. The UKIRT Z, Y , J , H and
K light curves are shown as stars and the REMIR J , H and Ks light curves are shown as crosses. The light curve minimum is shadowed
in light orange. The solid line is a spline model of the ASASSN/LCOGT/POISE/ROS2 g-band light curve. It also very closely matches
the data if reversed around MJD 60697. The black, blue and red vertical lines at the bottom mark when polarization measurements, the
optical spectrum and the infrared spectra, respectively, were taken.

TABLE 2
Photometric magnitudes used to fit the SED of

ASASSN-24fw before the dimming.

Source Band Mag

SkyMapper
u 14.30±0.06
v 13.85±0.04

Pan-STARRS
g 13.1212±0.0010
z 12.796±0.003

REFCAT

g 13.08
r 12.85
i 12.79
z 12.79

2MASS
J 12.01±0.02
H 11.76±0.02
Ks 11.53±0.02

AllWISE

W1 10.76±0.02
W2 9.97±0.02
W3 7.191±0.015
W4 5.67±0.04

dispersion of 0.03 mag. The average magnitude during
the dim phase is g = 16.5±0.6 mag, so the star decreased
in flux by 95.5%. The light curve during the dimming is
shown in Figure 1.
Las Cumbres Observatory Global Telescope (LCOGT,

Brown et al. 2013) started to follow the star with the
1 m telescope network in the B/g′/r′/i′/zs filters after

TABLE 3
Photometric magnitudes of ASASSN-24fw during the
dimmest phase (from January 11 to February 10, 2025).

Source Band Mag

LCOGT

B 17.48±0.03
g′ 17.20±0.02
r′ 16.80±0.02
i′ 16.59±0.04
zs 16.55±0.05

POISE
u 18.41±0.04
V 16.99±0.03

ATLAS
c 17.14±0.06
o 16.87±0.06

UKIRT

Z 15.89±0.03
Y 15.75±0.04
J 15.40±0.03
H 14.60±0.03
K 13.45±0.03

the beginning of the dimming on September 26, 2024
until March 28, 2025 with over 130 measurements in each
band. The light curves are shown in Figure 1 where
the data acquired during full moon have a larger scatter,
particularly in the B band. All light curves show a slight
decrease until January 2025 and then a steady increase.
Table 3 shows the magnitudes and standard deviation of
the faintest phase (light orange shaded region in Figure
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1).
The Precision Observations of Infant Supernova Explo-

sions (POISE) collaboration (Burns et al. 2021) used the
1 m Swope Telescope at Las Campanas Observatory to
follow the star from October 3, 2024 until April 27, 2025
in u/B/V /g/r/i bands with around 45 measurements.
The photometry is in the CSPII natural system (Phillips
et al. 2019) and we transform the LCOGT photometry
to this system using the color terms from Burns et al. (in
prep.). Due to the gap in POISE measurements during
the minimum brightness phase (see Figure 1), interpo-
lated u and V magnitudes in this phase are presented in
Table 3.
We used the 3.8 m United Kingdom Infrared Telescope

(UKIRT), on Maunakea, Hawai‘i, to acquire 38 epochs
of near-infrared (NIR) Z/Y /J/H/K measurements from
September 29 to December 27, 2024. Since the measure-
ments do not cover the light curve minimum (see Figure
1), we average of the measurements for the last 30 days
in Table 3.
We monitored ASASSN-24fw with the Rapid Eye

Mount (REM) telescope at La Silla, Chile between
November 3, 2024 and June 8, 2025 (director’s discre-
tionary time, E. Gaidos, PI). REM is a 60-cm auto-
mated telescope with separate optical (ROS2) and near-
infrared (REMIR) detectors obtaining 10′×10′ images in
the Sloan g/r/i/z and 2MASS-like J/H/Ks passbands,
respectively (Zerbi et al. 2001; Molinari 2019). We ob-
tained 51 epochs of data with ROS2 and 36 with REMIR,
with per visit integration times of 180 s in g/r/i/z and
75 or 150 s in J/H/Ks.

2.3. Historical and other surveys

ASASSN-24fw has been monitored by several other
surveys over the years. The Digital Access to a Sky
Century @ Harvard project (DASCH, see Laycock et al.
2010; Grindlay et al. 2012; Tang et al. 2013) has 95
years of photographic plate observations of the star from
1894 to 1989 with 687 measurements in the photographic
B band. The All-Sky Automated Survey (ASAS, Po-
jmanski 1997) monitored the star from October 2002
to November 2009 in the V band with 389 high qual-
ity measurements. The Near-Earth Object Wide-field
Infrared Survey Explorer (NEOWISE) mission (Mainzer
et al. 2011) has W1 and W2 light curves covering from
April 2014 to March 2024 with 286 measurements. Un-
fortunately, these measurements stopped just before the
dimmimg. The Palomar Gattini-IR (PGIR) survey (Mu-
rakawa et al. 2024) has 107 measurements of the source
from October 2018 to October 2022 in the J band. The
star also has photometry from the Zwicky Transient Fa-
cility (ZTF, Data Release 23, Masci et al. 2019; Bellm
et al. 2019) in the g and r bands with 353 and 504 epochs,
respectively, from March 2018 to October 2024. The
Asteroid Terrestrial-impact Last Alert System (ATLAS)
project (Tonry et al. 2018; Smith et al. 2020) has pho-
tometry of the star from September 12, 2015 until May
15, 2025. We used the ATLAS forced photometry server
(Shingles et al. 2021) to extract 705 and 2621 measure-
ments in the c and o bands, respectively.
Lastly, the Transiting Exoplanet Survey Satellite

(TESS, Ricker et al. 2015) observed the star in Sector 33
which spans from December 18, 2020 to January 13, 2021
with 3461 observations and in Sector 87 (from December

20, 2024 to January 13, 2025) with 9360 observations.
The TESS light curves were extracted and detrended us-
ing the unpopular package (Hattori et al. 2022). Al-
though TESS observed both the quiescent and obscured
phases, the systematics of the different sectors prevent us
from properly determining the depth of the eclipse in the
TESS band. We find a weak periodic signal at 9.58 days
in the pre-dimming TESS light curve. However, after
considering contamination using TESS-Localize (Hig-
gins & Bell 2023), we conclude that the signal is likely
due to contamination from nearby stars. No periodic
signal is found for Sector 87.

2.4. Spectroscopy

We could find no pre-event spectra, but we acquired
two long-slit spectra from the 3.0 m NASA Infrared
Telescope Facility (IRTF) on Maunakea with the SpeX
spectrograph (Rayner et al. 2003) on September 29 and
November 28, 2024. The total integration times were 28
and 52 minutes, respectively, with a slit width of 0.′′8
and covering a wavelength range from 0.8 to 2.4 µm at
a spectral resolution of R∼2500 in the SXD mode. Re-
ductions were performed using the Spextool IDL package
(Cushing et al. 2004) following standard procedures and
an A0 star was used for telluric corrections. We also
obtained an optical spectrum on October 9, 2024 using
the Multi-Object Double CCD Spectrographs (MODS,
Pogge et al. 2010) mounted on the twin 8.4-meter di-
ameter Large Binocular Telescope (LBT). The exposure
time was 15 minutes with a spectral range from 3100 to
10500 Å and a resolution of R∼2000. The spectra are
shown in Figure 3.

2.5. Polarization

We obtained polarimetric and photometric observa-
tions of ASASSN-24fw at the 1.83 m Perkins telescope
(Flagstaff, AZ) with the PRISM camera2 equipped with
a rotating polaroid (POL-HN38) and a wheel of stan-
dard UBVRI filters. The observations were performed
on October 2 and 6, 2024, and January 31, February
3 and May 26, 2025 in V band at an effective wave-
length λeff=551 nm. These involved a series of 4 Stokes
I, Q and U measurements. Each series consists of four
measurements at polaroid position angles (P.A.) of 0○,
45○, 90○, and 135○, with an exposure time of 150 s for
each measurement. The four measurements of the I, Q,
and U parameters were averaged to calculate the degree

of polarization, P =
√
Q2 +U2, and its position angle,

χ = 0.5arctan (U/Q), and their uncertainties. Since the
camera has a wide 14′ × 14′ field of view, we used field
stars to perform both interstellar and instrumental po-
larization corrections, assuming that stars in the field are
intrinsically unpolarized. We used unpolarized calibra-
tion stars from Schmidt et al. (1992) to check the in-
strumental polarization, which is usually less than 0.2%,
and polarized stars from the same paper to calibrate the
polarization P.A.
Table 4 shows the polarization measurements. We find

a slight correlation between V magnitude and polariza-
tion (Pearson correlation coefficient r = 0.54+0.18−0.21) and
a strong anti-correlation between magnitude and polar-
ization P.A. (r = −0.90+0.09−0.06). However, no correlation

2 https://www.bu.edu/prism/
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TABLE 4
Polarization measurements of ASASSN-24fw during the

dimming event. The columns are the Modified Julian Date
of observation, V magnitude, linear polarization fraction,

and polarization position angle.

MJD V (mag) P (%) χ (deg)

60585.4668 16.258±0.027 2.93±0.58 107.9±5.9
60589.4453 16.198±0.024 1.78±0.50 93.9±10.5
60706.2822 16.939±0.042 3.97±0.60 97.1±4.3
60709.2402 16.854±0.031 2.80±0.57 105.1±5.9
60821.1445 13.773±0.007 2.01±0.40 143.2±5.6

Fig. 4.— The foreground extinction-corrected SED of the qui-
escent star (black squares) and the model fit (black solid line).
The red triangles are the SED at the light curve minimum. The
red solid curve is an approximate model for the SED combining the
three components shown by the dashed red curves. The component
on the left is the non-dust emission from the star from the SED
model, simply reducing the luminosity of the non-dust emission of
the model to match the optical fluxes. The middle component is
the SED of an 0.25M⊙ M dwarf companion. The right component
is the dust emission associated with the quiescent star.

is found between these two parameters if we drop the
last measurement (r = 0.02+0.42−0.62). The 68% confidence
intervals are computed using Monte Carlo methods to
account for the uncertainties in the measurements.

3. DATA INTERPRETATION

We discuss five aspects of the event. First, we char-
acterize the unobscured star in Section 3.1. Then we
quantify the properties of the dimmed star in Section
3.2. Next, we discuss the possible orbital parameters in
Section 3.3. The physical properties and the origin of the
obscuring material are discussed in Section 3.4. Finally,
we discuss possible system geometries in Section 3.5.

3.1. The Quiescent Star

We modeled the pre-event spectral energy distribution
(SED) using the archival photometry in Table 2, the re-
ported central value of the distance and a foreground ex-
tinction of E(B −V ) = 0.062 mag. We fit the foreground
extinction-corrected SED as in Adams et al. (2017), run-
ning DUSTY (Elitzur & Ivezić 2001) inside a Markov Chain
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Fig. 5.— Inferred luminosity and temperature from fitting the
quiescent (red) and obscured (pink) SEDs. Solar metallicity
isochrones colored by age are shown as well as the luminosity lim-
its for a companion black body that does not significantly change
the SED shape of the dim phase (dashed black line) and dilutes
Brγ IR line but does not completely mask the the Paβ line (grey
band). The point in the lower right corner is the proposed M dwarf
companion from Figure 4.

Monte Carlo (MCMC) driver to both optimize the fits
and then estimate the uncertainties. DUSTY solves the
dust radiation transport problem for a central star sur-
rounded by a spherical shell of dust. We used Castelli &
Kurucz (2003) or MARCS (Gustafsson et al. 2008) model
stellar atmospheres. We varied the stellar luminosity L∗,
effective temperature T∗, dust temperature Td and dust
visual optical depth τV . We used a circumstellar dust
extending from an inner radius Rin from the star to an
outer radius Rout = 4Rin where the inner radius is deter-
mined by the other parameters of the model and the ratio
Rout/Rin = 4 is fixed because the model is unable to con-
strain it without longer wavelength measurements. We
used the Draine & Lee (1984) graphitic dust model with
an Mathis et al. (1977) size distribution (dn/da ∝ a−3.5
with 0.005µm ≤ a ≤ 0.25µm). Silicate dust models with
this size distribution poorly fit the SED because they
have a strong absorption feature at ∼10 µm. We use
minimum errors of 10% for the SED, and artificially in-
creased the uncertainties on the Skymapper u band (to
allow a better fit of the peak of the SED) and the WISE
4.5µm band (to better fit the 3.6µm band and allow a
solution with somewhat hotter dust, see below).
The model fits the data (see Figure 4) with a re-

duced χ2 of 1.12 for 11 degrees of freedom and an ef-
fective temperature of T∗ = 6490 ± 120 K, a luminos-
ity of log(L∗/L⊙) = 0.828 ± 0.005 and a radius of R∗ =
2.05 ± 0.07 R⊙. The inferred dust visual optical depth is
τV = 0.249±0.017, with a temperature of Td = 552±16 K
and an inner radius of log(Rin/cm) = 13.85±0.03. These
results are for a fixed distance of 1011 pc, and for the
upper (lower) limits on the distance, the luminosity log-
arithm, stellar radius and dust inner radius logarithm
would increase by 1.5, 1.5, and 0.05% (decrease by 2.4,
2.3, and 0.07%), respectively. Based on the estimate of
T∗, the quiescent source is an F star.
By matching the inferred L∗ and T∗ 2σ intervals to So-

lar metallicity PARSEC (Bressan et al. 2012; Chen et al.
2014, 2015; Tang et al. 2014; Marigo et al. 2017; Pas-
torelli et al. 2019, 2020) isochrones (see Figure 5), we
find two possible solutions: a young star with a median
log(Age/yr) =7.02 (and a range from 6.94 to 7.08), or an
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older star with a log(Age/yr) of 9.35 (9.31-9.53). The
median stellar mass for the younger solution is 1.53M⊙
(1.48-1.60M⊙) while the older solution is slightly less
massive, 1.45M⊙ (1.34-1.46M⊙). In the younger, higher
mass solution the star is still a pre-main sequence star,
while in the older, lower mass solution, it has just started
evolving off the main sequence. The IR excess in the SED
may be due to a protoplanetary disk if the star is young.
Since there is no unique age solution, we use the possible
mass range of M∗ = 1.45+0.15−0.11M⊙.
While the spectra in Figure 3 were taken during the oc-

cultation, they show many typical F star features (e.g., H
and Ca absorption features), as marked with the dashed
lines. Interestingly, in the IR spectra, the Brackett 10–15
lines are clearly detected but Brγ line is not, and in the
later spectrum these lines are even shallower. Usually,
Brγ is more prominent than Br 10–15 (Gray & Corbally
2009) which may imply that a continuum emission source
is diluting the lines in the redder parts of the IR spectra.
The spectra are those of an F-type star, consistent with
both the quiescent and occulted SEDs. The presence of
lithium in the optical spectrum would favor the young
age solution of the SED fit. For a 10 Myr-old F star
with T∗ ∼ 6500 K, we would expect a Lithium 6708 Å
line with an equivalent width of ∼75 mÅ (Jeffries et al.
2023). Given the resolution of MODS and the signal-
noise-ratio of the spectrum, we cannot rule out the exis-
tence of an absorption feature with an equivalent width
less than ∼100 mÅ.

3.2. Photometric properties of the eclipse

The depth of the event can be described by the optical
depth, τ , of the occulter and the fraction of the star that
it does not cover, f ,

∆m = −2.5 log [f + (1 − f)e−τ ] . (1)

This relation has two limiting cases: if we assume that
the star is fully covered (f = 0), we can determine the
minimum optical depth, τmin, needed to produce the dim-
ming or, if the obscuring material is completely opaque
(τ →∞), we can determine the maximum fraction of the
star not covered by the occulter, fmax. Table 5 shows
the depth at the minimum in the g/r/i/z bands and the
implied limits on the optical depth and uncovered frac-
tion at the time of minimum brightness. We use the
mean LCOGT magnitudes near minimum (the light or-
ange band in Figure 1) compared to the pre-event RE-
FCAT magnitudes. The drop in ASAS-SN, ROS2 and
ATLAS are consistent but much less precise, and the
ZTF and POISE data do not cover the time of mini-
mum. The optical drop in flux is approximately a fac-
tor of 40, requiring an optical depth of τmin ≃ 3.6 or
a maximum uncovered fraction of fmax ≃ 2.5%. While
there is a slight chromaticity, with slightly larger drops
in the bluer bands, the event is remarkably achromatic
given the amplitude. The g − r color at minimum differs
from the REFCAT color by only 0.17±0.03 mag. The
color changes during the whole event from LCOGT and
POISE measurements are nearly constant and also small
with ∆(g − r) = 0.16 ± 0.02, ∆(g − i) = 0.29 ± 0.03 and
∆(g − z) = 0.31 ± 0.15 mags.
Table 3 and Figure 4 show the SED of the source at

minimum. If we consider only the optical data, the shape

TABLE 5
Magnitude depth, ∆m, of the dimming in different bands,
the minimum optical depth, τmin, needed to produce the
dimming and maximum percentage, fmax, of the uncovered
area of the star assuming an opaque occulter with no

scattering.

Band ∆m (mag) τmin fmax (%)

g 4.12±0.02 3.80±0.02 2.24±0.04
r 3.95±0.02 3.64±0.02 2.64±0.06
i 3.80±0.04 3.50±0.03 3.01±0.10
z 3.76±0.05 3.47±0.05 3.13±0.15
J 3.39±0.04 ⋯ ⋯

H 2.84±0.03 ⋯ ⋯

Ks 1.9±0.4 ⋯ ⋯

is essentially identical to the SED in quiescence. Thus, as
one component of a model, we use the non-dust emission
of the quiescent source model reduced by an achromatic
factor of 36 to 0.19L⊙. Not surprisingly, the occulted
source lies far below any stellar isochrone (see Figure 5).
This means that the optical emission at minimum cannot
be exclusively from a companion unless it is similarly
occulted.
The shape of the SED at longer wavelengths is clearly

different. We also see this in Table 5, where the depth at
minimum in the near-IR (2MASS J/H/Ks versus UKIRT
J/H and REMIR Ks) is significantly less than in the op-
tical. Attempts to fit this SED using DUSTY failed.
Given the estimated visual optical depth of the occulter,
it would be unable to obscure the mid-IR emission seen in
the SED of the quiescent star even if it was large enough
to do so, so a second emission component at the mini-
mum is likely the dust emission of the quiescent DUSTY
SED model. This plausibly explains the upturn of the
SED at K band. While we increased the uncertainties
on the WISE 4.5µm flux in the pre-event photometry to
force the SED model to pass through the WISE 3.6µm
point and have hotter dust (see Section 3.1), the model
still under-predicts the K-band flux. However, we would
expect differences in detail since the true geometry is
unlikely to be the spherical shell assumed by the DUSTY
models. However, two or three dimensional dust models
are beyond our present scope.
Such a two-component model does not explain the re-

maining near-IR emission. We can fill in this emission by
adding a L = 0.038L⊙, T∗ = 3000 K, M = 0.25M⊙ M-star,
taken from a 107 year PARSEC isochrone. The combi-
nation of these three components provides a good semi-
quantitative model of the SED at minimum. The mis-
match at K band is not worrisome because the spherical
geometry of the DUSTY models cannot be correct even if
it provides a reasonable model of the quiescent star, and
producing the occultation requires some change in geom-
etry that presumably also produces some changes in the
observed dust emission. Dust emission probably cannot
be used to explain the flux excess at the shorter near-IR
bands because it requires material above the evaporation
temperature of even graphitic dusts.
Introducing the M star is plausible for two additional

reasons – first, there is the evidence for periodicity (see
Section 3.3) and second, there has to be something driv-
ing the geometry change producing the occultation event,
and the simplest way of doing so is to make the system
a binary. We can also place approximate limits on stel-



9

lar companions using the SED and the IR spectrum. A
black body with a temperature and luminosity below the
dashed black line in Figure 5 would not alter the opti-
cal SED of the dim phase by more than 20%. And the
shaded area shows where a black body can dilute the
near-IR Brγ line by 80% while diluting the Paβ line by
less than 20%. The M dwarf added to explain the oc-
culted SED lies in the middle of this region.

3.3. Orbital parameters

Figure 2 shows all the available historical photome-
try of ASASSN-24fw. After JoHantgen et al. (2024a)
discovered this transient, Nair & Denisenko (2024) sug-
gested a period of 43.8 years (marked with arrows in
Figure 2) with an estimated duration of 8 months based
on the DASCH light curve. They argue for possible
events in 1937, when DASCH has 3 measurements and
14 upper limits below the standard deviation of the
DASCH light curve, and in 1981 where there are 9 non-
detections below this limit. To determine whether the
event is periodic, we need to estimate the duration of
the event. Figure 1 shows a cubic spline fit to the
ASASSN/LCOGT/POISE/ROS2 g-band light curve (se-
lecting only the ASAS-SN and ROS2 data brighter than
16 mag and with photometric errors below 1%). The
source steadily fades until reaching a minimum on Jan-
uary 26, 2025. It then brightened again and had almost
completely recovered by the time it became unobservable
at the beginning of June 2025. If we reverse the spline
fit around the time the star reached its minimum, we see
that the event is very nearly time symmetric and a slight
shift of the central time by 4 days further improves the
match of the reversed spline to the data. If we define the
event duration by the period when the source had faded
by 0.2 (3.5) mag with respect to the quiescent magni-
tude, then the total duration is 261 (219) days. This is
remarkably close to the 8-month duration suggested by
Nair & Denisenko (2024).
We tested possible periods by determining the longest

duration event that would be permitted at each period
given the gaps in the available light curves. We dropped
the DASCH epochs with lower limits or measurements
below the standard deviation of the rest of the data
so that events are allowed at these epochs. Figure 6
shows this maximum allowed duration as a function of
period, where we have binned the periods and show only
the largest allowed duration in each bin to suppress the
noise from short duration solutions. The horizontal band
shows the range of the transit duration estimates given
above. Periods shorter than 29 years are completely
ruled out. The 43.8 year period suggested by Nair &
Denisenko (2024) is marginally allowed, with a duration
similar to the current event.
To further constrain the orbit, we use the ingress to

estimate a velocity. We fit a simple model where the op-
tical depth is τ = τ0(r/r0)−γ , similar to the dust/debris
disk models of Wolff et al. (2021) and Rafikov (2023).
This model simply assumes that the optical depth near
the edge of the occulter is a power law with negative ex-
ponent γ in distance r normalized by the optical depth
τ0 at location r0. We assumed we could neglect its cur-
vature, and modeled the star as a square with sides of
2R∗ = 4.1R⊙ so that we would only need a one dimen-
sional integral. The change in magnitude from the base-

0 20 40 60 80 100 120
Period (years)

101

102

103

Du
ra

tio
n 

(d
ay

s)

Fig. 6.— Maximum allowed duration of missed events due to
the gaps in the photometric coverage as a function of period. The
red horizontal band mark the shallow (0.2 mag) and deep (3.5
mag) event durations and the dashed-dotted gray vertical line cor-
responds to the period proposed by Nair & Denisenko (2024).
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Fig. 7.— Models of the ASAS-SN ingress light curve. The points
with errors are the ASAS-SN data, and the dashed line corresponds
to the pre-event flux baseline. The solid lines are the best models
for optical depth exponents of γ = 3, 4 and 5.

line is then

∆m(t) = −2.5 log [ r0
2R∗

∫
u+

u−
du exp (−τ0u−γ)] (2)

where

u± = 1 −
vt

r0
± R∗

r0
, (3)

v is the relative velocity and the center of the star is at
r = r0 when t = 0. If u is negative or the argument of
the exponential too large, we set the flux contribution to
zero. The model has four parameters: τ0, r0, v and γ.
We fit the ASAS-SN g band light curve minus the median
pre-event magnitude, ∆g = g − 13.11, over the HJD time
period 2460545 to 2460581 and dropped epochs which
are only upper limits. To avoid having three non-linear
parameters, we averaged the 7 points taken over the last
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Fig. 8.— Ingress constraints on the velocity v and the optical
depth scale length to stellar radius ratio r0/R∗ for density expo-
nents of γ = 3 (bottom), 4 and 5 (top). Contours are drawn at
∆χ2

= 1, 3, 10 and 30 after rescaling the minimum χ2 values to
the number of degrees of freedom. The axis at top converts the
velocity into a semimajor axis assuming a circular orbit and a to-
tal mass of 1.70M⊙. The heavy vertical black line is the orbit
with the period proposed by Nair & Denisenko (2024). The green
shaded region is the span of the circumstellar dust in the model of
the pre-event SED. The vertical dashed black lines are the limits
of the M dwarf’s binary Roche lobe (a ± RR) for this orbit. Any
disk or other bound material orbiting the M dwarf must lie inside
its Roche lobe. The horizontal dashed black line shows where the
scale length of the density distribution is one tenth of the binary
Roche radius (r0/R∗ = RR/10R∗). The vertical dashed red line
labeled “last inside” marks the outermost orbit where the M dwarf
could make a disk inside its orbit precess 180○ every 43.8 years.
The horizontal red dashed line labeled “ring outside” corresponds
to the range of binary orbital semimajor axes that could make disk
radii in the green shaded region precess 180○ every 43.8 years.

day of this time period to find ∆g0 = 2.61 ± 0.05 mag at
a mean HJD of t0 = 2460580.29. So we fixed τ0 = 2.40
and the time in the integral to t = HJD − t0 so that at
t = 0 we will find a ∆m closely corresponding to ∆g0.
We then computed the χ2 goodness of fit in the space of
r0 and v for fixed γ. Once r0/R∗ is large, the model will
be degenerate with v ∝ r0 because the size of the star is
no longer important.
The goodness of fit for γ = 0.5, 1, 2, 3, 4, 5, and 6

are χ2 = 17479.2, 980.5, 306.1, 206.7 196.2, 203.2, and
217.3, respectively, for 61 degrees of freedom. This fit
used the “raw” ASAS-SN errors, which are underesti-
mates by a factor of ∼ 2, so the best fits are actually
quite good. Shallow optical depth profiles (small γ) are
strongly disfavored, and sharply rising profiles (large γ)
are moderately disfavored. Figure 7 shows the three best
models (γ = 3, 4 and 5). The fits trace both the first slow
drop below the baseline near t = −30 days and the rapid
drop as t → 0. While we could follow the decay fur-
ther, it would require a model with more parameters to
produce the flattish bottom of the event (see Figure 1).
Similar fits to the egress data were poor, possibly due to
calibration problems produced by observing at extreme
airmasses and the lack of a clear post-event baseline.

Figure 8 shows the constraints on the velocity v and
scale length to stellar radius ratio r0/R∗ for the same
three values of γ. The best solutions basically lie along
the degeneracy direction. While the formal ∆χ2 values
prefer the high v and large r/R0 solutions, this result is
almost certainly very sensitive to the details of the calcu-
lation and the assumed profile. Steeper profiles (larger γ)
require larger scale lengths, as we would expect if the fits
must produce the same light curve derivatives. Increas-
ing γ will steepen the derivatives, which can be compen-
sated by increasing r0. We can also convert the velocity
into a semi-major axis a assuming a circular orbit and a
total mass of 1.70M⊙ (small changes to the total mass
matter little given the logarithmic scales). We also show
the orbit with the 43.8 year period proposed by Nair &
Denisenko (2024), and shade in green the region between
the inner and outer dust radii from the pre-event SED
model.

3.4. Nature and origin of the occulter

The optical depth of the circumstellar dust detected
prior to the event (τV = 0.25, see Section 3.1) is too low to
cause the 4.1 mag dimming (it requires at least τV = 3.8
if the star is fully covered, see Table 5), so there must be
another dust source producing the polarized achromatic
occultation. A purely stellar eclipse is also ruled out (see
Section 3.2).
We can constrain the occulter properties by (1) the

(near) achromaticity of the event in the optical and (2)
the need to produce significant polarization. The slight
correlation between V magnitude and polarization seems
to indicate that the polarization will decrease as the event
ends and possibly be negligible in the quiescent phase of
the star. To compare with observations, we compute the

effective opacity, κ =
√
κabs(κabs + κscat), at the central

wavelengths of the g and z bands (the bluest and red-
dest filters with REFCAT and LCOGT measurements)
and compute the relative change, (κg − κz)/κg. This
corresponds to the relative color change ∆(g − z)/∆g =
0.08 ± 0.04. There is no simple expression for the po-
larization fraction, but the ratio between the scattering
matrix elements Z12(θ = 0) and Z11(θ = 0) gives an idea
of the ability of the material to polarize incoming nat-
ural light (I0) with one forward (θ = 0) scattering. The
transmitted intensity will be I ∝ Z11I0 and the linearly
polarized light will be Q∝ Z12I0 (for randomly oriented
or axisymmetric grains, one scattering does not produce
a Stokes U component). Thus, the ratio ∣Z12/Z11∣ at the
center of the V band gives an estimate of the ability of
a grain to produce polarized light.
We use optool (Min et al. 2005; Woitke et al. 2016;

Dominik et al. 2021) to compute the opacities and scat-
tering matrices of pyroxene (Mg0.7Fe0.3SiO3 labelled as
pyr, Dorschner et al. 1995), olivine (MgFeSiO4 labelled
as ol, Dorschner et al. 1995), silicate grains (astrosil,
Draine 2003a), carbon (c, Zubko et al. 1996), graphite
(gra, Draine 2003b), water ice (h2o, Warren & Brandt
2008) and carbon dioxide ice (co2, Warren 1986). We
consider a range of particle radii from 0.01 to 10000 µm.
Figure 9 shows the chromaticity, (κg −κz)/κg, and po-

larizability, ∣Z12/Z11∣, as a function of grain radius, a,
for the seven compositions. From this Figure we see that
pyroxene dust can only produce achromatic dimming if
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Fig. 9.— The left panel shows the relative color change that different materials produce between the g and z bands as a function of
particle size. The shaded band is the measured color change of the event. The right panel shows the ratios between Stokes Q and I in V
band for one forward scattering.

the dust particles are larger than ∼100 µm, but such large
pyroxene particles are not good sources of polarized emis-
sion. Silicates (olivine and astrosil) can produce the ob-
served achromaticity with particles larger than ∼1 µm,
but they also do not significantly polarize light. Car-
bonaceous dusts (carbon and graphite) are able to pro-
duce the required achromaticity with particles as small
as ∼0.1 µm and both are good at producing polariza-
tion with particle sizes of ∼20 µm. Water ice can avoid
significant color changes and produce significant polar-
ization for a∼10-50 µm, but larger and smaller gains lead
to large color changes. While carbon dioxide ice is good
at polarizing, it produces strong chromaticity. Thus, the
occulter is likely composed of large (∼20 µm) carbona-
ceous or water ice particles.
If we assume that the minimum velocity of the occulter

is in the order of 10 km/s (see Figure 8) and use the
219-day duration of the deep eclipse, we can estimate a
lower limit of the occulter mass. If the composition of
the occulter is 20 µm carbon dust particles, the mass
of the occulter should be M = πD2Σ/4 = πD2τ/4κ ≳
1.8 × 10−3M⊕ for the diameter estimate of the occulter,
D ≳ 272 R⊙ (or, equivalently, 1.27 AU), and a surface
density, Σ = τ/κ, given by the required optical depth and
an effective opacity of κ = 403 cm2/g for the g band. If
the occulter is primarily made of a = 20 µm water ice
(κ = 13 cm2/g), the mass of the occulter would be at
least M ≳ 0.055M⊕.
F stars do not have dusty winds, but even if we arbi-

trarily give the star a large mass loss rate, such large dust
grains cannot have been formed in a stellar wind from the
observed star. Dust in a wind forms when the temper-
ature of a forming grain is less than the condensation
temperature Tc = 1500Tc0 K. This leads to a formation
radius of

Rf = (
L∗

16πσT 4
c

)
1/2
≃ 23L1/2

∗10T
−2
c0 R⊙ (4)

for a stellar luminosity of L∗ = 10L∗10L⊙. Once grains
begin to condense, they grow by collisions to an asymp-
totic size of

af =
vcfṀ

16πρbv2wRf
≃ 0.1f0Ṁ4vc1T

2
c0

L
1/2
∗10ρ0v

2
w4

µm (5)

where vc = vc1 km/s is the effective collision velocity, f =
0.005f0 is the mass fraction of the condensible species,
Ṁ = 10−4Ṁ4 M⊙/year is the mass loss rate, the wind
velocity (vw = 400vw4 km/s) is scaled to the estimated
escape velocity of the star, and ρb = 3ρ0 g cm−3 is the
bulk grain density (see, e.g., Kochanek 2014a). Even
when scaled to the extreme mass loss rate of an AGB star
(10−4 M⊙/year), the resulting grains are far too small, in
large part because the characteristic velocity of a wind
is the escape velocity, which is large.
A fairly steady mass loss rate is also required. If we

imagine a brief, impulsive mass loss event that has the
potential to reach even more extreme densities, the dust
forms in an expanding shell, leading to an optical depth
that must drop at least as fast as t−2 (see, e.g., Kochanek
2014b), making it impossible to have the slowly varying
and symmetric observed obscuration. Taken together,
these problems seem to require some other origin for the
dust than the F star.
If the star is young, its protoplanetary disk may be

dominated by large dust grains due to grain growth dur-
ing the protostellar phase (Shuping et al. 2006; Testi et al.
2014; Tu et al. 2022). Przygodda et al. (2003) found ev-
idence in T Tauri disks for silicate grains up to 2 µm
in size and Kessler-Silacci et al. (2005) detected an ab-
sence of warm (T = 300 K) silicate grains smaller than
10 µm in T Tauri stars. Both works were focused on
silicate dusts, and the behavior of carbonaceous and ice
materials under these conditions is unexplored.
Instead of a protoplanetary disk, the occulter could be

a dwarf star or an exoplanet with extended rings. For ex-
ample, Saturn’s rings also have a power law distribution
of particle sizes, with dn/d lna ∼ a−2 (Cuzzi et al. 2009)
with a dearth of particles smaller than a ≃ 100-1000 µm
(Ohtsuki et al. 2020). Although the composition would
have to be different from Saturn’s water ice dominated
rings since such large water particles would not be suffi-
ciently achromatic.
The long and deep occultation of ASASSN-21qj was

explained by a collision event (Marshall et al. 2023; Ken-
worthy et al. 2023). In that case, an infrared bright-
ening was detected 2.5 years earlier than the dimming
and the eclipse was irregular and chromatic. In contrast,
ASASSN-24fw showed no changes in its mid-IR bright-
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ness during the full period of NEOWISE observations
(see Figure 2) and the in-transit light curve is mostly flat
(see Figure 1), ruling out a recent collision event. Un-
fortunately, the NEOWISE observations ended shortly
before the start of the event.
Alternatively, the occulter might be produced by an

old collision of bodies (e.g. planets, asteroids or comets).
Such collisions typically produce fragments with a size
distribution of dn/d lna ∝ a−2.5 (see, e.g., Dohnanyi
1970; Fujiwara 1986) which is dominated by small grains
that will produce large color changes. However, if the
debris forms a steady-state disk, radiation pressure from
the star will remove the smallest grains to leave a debris
disk dominated by grains with sizes on the order of tens
of µm, although the smallest grains are a few µm (Krivov
et al. 2006). This also avoids the dynamical evolution of
the optical depth expected during a recent collision and
it is probably needed to have a light curve with the ob-
served degree of symmetry.

3.5. System geometry

Based on the observations presented, we propose that
the system has three components: a 7L⊙ F-type star
(that can be either young or slightly evolved), a dust
structure formed by fairly large (∼ 20 µm) particles and
a low-mass companion. We discuss three possible system
geometries for producing a 43.8 year periodicity without
invoking additional components and schematically show
the configurations in Figure 10. First, we explore mak-
ing it the orbital period of the binary. Then we discuss
making it a disk precession period with the disk either
around the F star interior to the binary orbit, or as a
circumbinary disk.
In Figure 8, we see that if we place the M dwarf in

a 43.8 year orbit around the F star, it would lie where
the SED model puts the circumstellar dust, see Figure
10a). Using the Eggleton (1983) approximation and the
orbit inferred in Section 3.3, the binary Roche radius
of the M dwarf is RR = 770R⊙. The time to cross the
Roche radius for the 43.8 year period is RR/v ≃ 620 days,
so a dust distribution inside the binary Roche lobe and
extending to Rd ∼ RR/4 ∼ 190R⊙ could produce an event
lasting ∼ 300 days. The scale length ratio in the optical
depth model of r0/R∗ ∼ 10 means that the gradients are
also a small fraction of the binary Roche radius. We can
also ask where the dust heating by the F star equals that
by the M star. For large grains, the Planck absorption
factors will be the same for both stars, so this is just the
radius ∼ 220R⊙ from the M dwarf where the fluxes are
equal. This means that the heating of the dust producing
the occultation is dominated by the M dwarf.
The dust associated with the M dwarf cannot produce

the observed mid-IR excess. Even if all of the F star flux
impinging on the Roche radius was absorbed, it would
represent only 5% of the F star flux. If all of the M
dwarf’s emission was also absorbed, this would only pro-
duce a total dust luminosity of 0.4L⊙. However, the high
optical depth region around the M star appears to be sig-
nificantly smaller, Rd ∼ RR/4, which would only capture
0.2% of the F star’s flux, leading to a total dust lumi-
nosity of only 0.05L⊙ if all the M dwarf flux was also
absorbed. This is well below the dust emission seen in
Figure 4. Moreover, the pre-occultation SED model also
needs some other source of dust absorption to fit the op-

tical SED.
There are several problems with associating the dust

with the M dwarf. Figure 8 also shows where the M
dwarf’s Roche radius would lie relative to the orbit, so
the gravitational sphere of influence of the dwarf encom-
passes much of the radial range of the diffuse dust and the
M dwarf will develop a dust overdensity simply by gravi-
tationally focusing the diffuse dust (a version of Problem
4.4 in Binney & Tremaine 2008). This will (very roughly)
produce an optical depth excess of order

τ ∼ τd
∆R
(GMdRd

σ2
0

)
1/2
∼ 0.2( Md

0.25M⊙
Rd

100R⊙
)
1/2 km/s

σ0

(6)
where Md is the mass of the object that produces the
density enhancement (i.e., the M dwarf), Rd is the size
of the density enhanced region, σ0 is the dispersion of the
dust particle velocities compared to the orbital velocity,
and ∆R is the width of the region over which the diffuse
dust producing the optical depth τd in the SED is spread.
This scale is multiplied by an complex function of R/Rd

that slowly rises as the distance R of the sight line to the
dwarf becomes smaller. If it was possible to gain a factor
of 20, then this mechanism would produce a cloud of dust
around the dwarf that could do the occultation, although
the effects of the gravity from the F star would need to
be included in a fully quantitative model. However, the
cloud of dust would be (quasi-)spherical, so the M dwarf
would lie at the center and have a higher optical depth
than the line of sight to the F star, which would make it
difficult to use the M dwarf to fill in the near-IR fluxes.
This latter problem could be avoided if the dust

could be captured into a disk, which requires colli-
sions/dissipation. For a cloud of just dust, the collisional
rates are negligible and a disk cannot be formed. If it
were a cloud of dust plus gas, then the gas could provide
the dissipation to form a disk. This would then need to
be inclined relative to the orbital plane both in order to
produce a long duration event and to avoid also obscur-
ing the dwarf. However, it is the orbital plane that sets
the orientation of the angular momentum, so it is not
obvious how capture of dust into a disk also produces a
disk with a significant inclination. Overall, trying to as-
sociate the disk with the M dwarf with out a mechanism
for producing the disk does not seem promising.
The other possibility is that there is an extended disk

of dust in the system with a higher density than the lower
density material required by the SED model. If this disk
is inclined relative to the orbital plane of the binary, then
precession can be used to drive the periodicity. There
are two possibilities: (1) the dust disk is around the F
star and inside the orbit of the dwarf, Figure 10b); and
(2) that the dust disk is circumbinary, Figure 10c). We
consider both cases. In both cases we assume that the
observed recurrence time tp = 43.8 years, corresponds to
precession by 180○.
For a disk around the F star and inside the M dwarf

orbit, we use the precession time from Larwood et al.
(1996),

π

tp
= −3GMs

4a3
Pd

2π
cos δ, (7)

where Ms = 0.25M⊙ is the mass of the secondary, a is
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a) b) c)

Fig. 10.— Schematic diagrams of the possible configurations discussed for ASASSN-24fw. They are not drawn to scale. The yellow circle
is the F star, the dark red circle is the proposed M dwarf companion and the light brown sphere is the optically thin circumstellar dust. In
the scenario a) the M dwarf with a dusty disk (dark brown) is in a 43.8 year period around the F star and the disk occults the F star. In
b) an optically thick disk (dark brown disk) precesses around the F star due to the M star orbiting outside the circumstellar disk. In the
last scenario, c) the optically thick disk lies outside the binary orbit and the precession is driven by the interior binary.

the semimajor axis of the binary orbit, Pd is the period
of the disk orbit treated simply as a ring, and δ is the
inclination of the binary orbit with respect to the initial
disk mid-plane. We can solve for the period of the binary

Pb = (
3

2

Ms

MT
Pdtp cos δ)

1/2
= 3.1P 1/2

d cos1/2 δ years (8)

assuming a circular binary orbit where MT = 1.70M⊙ is
the total mass of the stars and orbital period of the disk
Pd is also in years in the numerical expression. At the
period

P0 =
3

2

Ms

MT
tp cos δ = 9.7 cos δ years (9)

the condition Pb = Pd = P0 is fulfilled and having the ring
inside the orbit requires Pb < P0. This largest orbit lies
just inside the region where the SED model places the
dust (see vertical red line in Figure 8). Hence, it seems
difficult or impossible to place the disk fully inside the
binary orbit.
For a circumbinary disk, we use the approximation

from Chiang & Murray-Clay (2004) that gives

π

tp
= −2π

Pd
(ab
ad
)
2

, (10)

where ab and ad are the semimajor axes of the binary
and the disk, respectively. We can again solve for the
binary period in terms of the disk period

Pb = P 7/4
d (2tp)−3/4 = 0.035P 7/4

d years (11)

where in the numerical result, Pd is again in years. Al-
ternatively, we can solve for the semimajor axis of the
binary

ab = ad (
π2a3d

GMT t2p
)
1/4
= 296( ad

1000R⊙
)
7/4

R⊙. (12)

The length of the horizontal red line in Figure 8 shows the
range of the binary semimajor axes 300 R⊙ to 3500 R⊙
corresponding to having ad span the radial range of the
dust in the SED model. It is now relatively easy to have
much of the dust lie outside the binary orbit and have a

2 × 48.3 year precession period. In particular, if the bi-
nary semimajor axis is between ∼ 300 to 1000 R⊙, it can
be completely inside the circumstellar dust and make the
dusty disk precess with the required period. Although a
circumbinary disk need not produce symmetric eclipses,
there are other examples in the literature where a cir-
cumbinary disk produces symmetric eclipses such as KH
15D (Winn et al. 2006; Poon et al. 2021) or Bernhard-1
and Bernhard-2 (Zhu et al. 2022). Given the shape of the
eclipse and the precession period constraint, this seems
the most promising scenario at this point.

4. POPULATION ANALYSIS OF LONG DEEP
ECLIPSES

We searched the literature for similar dimming events
to explore the general properties of these systems. The
definition of “long and deep dimming” is rather vague but
we tried to select systems that are not normal eclipsing
binaries with occultations longer than 1 day and with a
flux decrease of at least 20%. Table 6 shows the 41 se-
lected systems ordered by the duration of the dimming.
We include the Gaia DR3 ID, the Bailer-Jones et al.
(2021) photogeometric distance and the E(B−V ) extinc-
tion from mwdust (Bovy et al. 2016) and the references
for each system. The range of eclipse parameters is very
broad, with durations from a few days to several years,
depths ranging from a few tenths of a magnitude up to
5 magnitudes and orbital periods from days to decades.
There are also aperiodic, variable or irregular eclipses in
the sample. It is clear that the space of “long and deep”
eclipses is more complex than the two archetypes, ε Au-
rigae and KH 15D.
There are eclipses that fall into the ε Aurigae cate-

gory, where a star is occulted by a stellar companion sur-
rounded by a dusty disk. This category includes η Gemi-
norum, Gaia17bpp, TYC 2505-672-1, ELHC 10, OGLE-
LMC-ECL-17782, OGLE-LMC-ECL-11893 and OGLE-
BLG182.1.162852. These eclipses tend to be smooth,
without substructure during the events. However there
are other systems with eclipses explained by a secondary
object with an extended structure which are not twins of
ε Aurigae. For example, the variable duration and depth
of the eclipses in EE Cephei are explained by the preces-
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sion of the disk around the companion star. The compan-
ion of PDS 110 is a substellar object rather than a star,
and ASASSN-21js and V1400 Cen also have a substellar
companions with two and three rings around them pro-
ducing irregularly shaped eclipses. Gaia21bcv is claimed
to have a stellar or substellar companion with a clumpy
disk that produces irregular and variable dips during the
eclipse. ZTF J185259.31+124955.2 is an evolved star
which is transferring mass to its companion to form the
extended disk that produces the occultations. WeSb1 is
a planetary nebula where a companion star collected ma-
terial ejected by the former asymptotic giant branch star
and this debris around the companion now produces the
stochastic occultations. ASASSN-21co is an eclipsing bi-
nary formed by two M giants. And lastly, V773 Tau is a
binary surrounded by a disk that occults another binary
star.
There are other systems like KH 15D (binary systems

with a circumbinary disk that produces the occultations),
such as VSSG 26, Bernhard-1, Bernhard-2, and YLW
16A. In addition, EPIC 204278916, V409 Tau, AA Tau,
V718 Per, and CHS 7797 are single stars with circumstel-
lar disks that also produce eclipses. This type of eclipse
is found preferentially in young binary or single stars.
However, M 2-29 is a planetary nebula where a binary
star is occulted by a disk and there is evidence for the
primary being, in turn, a close binary. J202402+383938
is a Be star with a circumstellar disk which caused a
2200-day, double peaked eclipse with additional shorter
events in between.
There are eclipses that cannot be assigned to these

scenarios. ASASSN-21qj, Tabby’s Star, and TYC 8830-
410-1 occultations are explained by debris clouds, pro-
duced by collisions between exocomets or planets around
the main star. In addition, Tabby’s Star exhibits long-
term variability with fading and brightening episodes
from 2006 to 2017 (Simon et al. 2018) which adds fur-
ther complexity to its behavior. ZTF J0347−1802, SBSS
1232+563 and ZTF J0923+4236 are white dwarfs host-
ing debris disks that cause aperiodic and variable occul-
tations. ZTF J0139+5245 is also a white dwarf with a
debris disk but its occultations are periodic. Any period-
icity for the white dwarf systems WD J1237+5937, WD
J1013–0427 and WD J1302+1650 cannot be assessed be-
cause only one event has been detected. The dips of
TIC 400799224 are proposed to be caused by dust clouds
emitted by the star.
The different classes (ε Aurigae like, KH 15D like,

other or unknown) are presented in Figure 11 in period-
duration and depth-duration space. The shaded regions
roughly delimit the parameter space of simple eclipsing
binaries. To delimit these zones we use Solar metallicity
PARSEC isochrones and randomly select pairs of stars of
the same age. Note, we are not trying to make a sta-
tistical model but simply to map the possible parameter
space of stellar eclipses. We assign a period to each bi-
nary from a logarithmically uniform distribution and, as-
suming a circular edge-on orbit, compute the total eclipse
duration and depth at g band. We only keep systems
where the stars are inside their binary Roche lobes using
the Eggleton (1983) Roche lobe approximation. Actual
samples of eclipsing binaries (see, e.g., Kirk et al. 2016;
Rowan et al. 2022; Mowlavi et al. 2023), do not fill this
space, but we are interested in the extremes, not the

norm. The sharp lower edge of the eclipsing binary dis-
tribution comes from the Roche radius (td ∼ R∗/vorb ∼ P
for R∗ ∼ a, where td is the total duration, R∗ the radius
of the occulted star, vorb the orbital velocity, P the pe-
riod and a the orbital radius). Systems lie along lines of
P ∼ t3d as the orbital radius a is varied.
A distinctive trait of the eclipses produced by compan-

ions hosting disks or other extended objects (ε Aurigae
like) is to have larger periods than eclipses caused by cir-
cumbinary or circumstellar disks (KH 15D like) for the
same eclipse duration. Hence, the ε Aurigae class spends
a smaller fraction of their period in the dim phase com-
pared to the KH 15D class. Interestingly, all KH 15D-like
systems with measured periods and durations are in the
region below the Roche radius of binary stars. This is
only possible because their occulter completely surrounds
the star (or stars), allowing for longer dimmings. How-
ever, if the geometry of ASASSN-24fw is confirmed to
be like KH 15D, it will be the only known circumbinary
disk lying in the allowed binary region and producing
the longest eclipses with the largest period. There are
no obvious patterns in the depth-duration distribution.
Only a few of the long and deep eclipses are deeper than
the maximum depths of binary eclipses. However, binary
stars with eclipses deeper than 1 mag tend to be along
the light orange strip in the period-duration figure. The
long and deep eclipse population, on the other hand, is
more scattered.
Most of the systems lack multiwavelength measure-

ments to assess whether the dimming is achromatic. Of
those that have multiwavelength depth measurements,
Bernhard-1, Bernhard-2, Gaia21bcv, M 2-29 and WD
J1013–0427 have chromatic dimmings but the eclipses of
CHS 7797, VVV-WIT-08, ε Aurigae, WD J1237+5937,
WD J1302+1650, ZTF J185259.31+124955.2 and SBSS
1232+563 are achromatic. For CHS 7797, the depth is
achromatic for wavelengths smaller than 2 µm, suggest-
ing that the grain sizes of the dust material around the
star are larger than usual (at least 1-2 µm, Rodŕıguez-
Ledesma et al. 2012). On the other hand, the nature
of the occulter of VVV-WIT-08 is still unclear, but the
Ks-band depth is slightly shallower than in the I band.
Smith et al. (2021) suggest that this can be explained
if the obscuring material is completely opaque and the
detected in-transit light comes from forward scattering
of light by the edges of the occulter but they also note
that they cannot confidently rule out large grains. The
ε Aurigae eclipse depth is constant in wavelength from
the optical to the IR, which can be explained if the
dust grains of the companion disk are larger that 10
µm (Hoard et al. 2010), similar to our argument in Sec-
tion 3.4. All the white dwarfs in the sample with mul-
tiwavelength measurements have gray dimmings, except
for WD J1013–0427. They have been modeled by a dusty
debris disk made up of fairly large grains.
Figure 12 shows the systems with Bailer-Jones et al.

(2021) distances in a Gaia color-magnitude diagram us-
ing the mwdust (Bovy et al. 2016) foreground extinction
estimates. We also show 50000 randomly selected Gaia
stars. If specific type of stars are more prone to long
and deep eclipses, the systems should be clumped in
certain regions of the diagram. This is not, however,
what we see in Figure 12. Systems with long and deep
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eclipses populate almost all of the color-magnitude dia-
gram. What many of them do have in common is a WISE
mid-IR excess, as shown in the right panel of Figure 12.
This is not surprising given that most of the occulta-
tions are produced by dust disks and that some of the
occulted stars are young stellar objects. We tried to use
the longer W3/W4 WISE bands to look for cooler dust,
but the W3/W4 magnitudes were dominated by system-
atic problems. It is likely that most of the systems that
do not have mid-IR W1/W2 excesses have longer wave-
length IR excesses given that the majority of the events
are explained by dusty structures.

5. CONCLUSIONS

ASASSN-24fw is a 7L⊙ F type star with a mid-IR
excess. Its location on the CMD is consistent with a
∼1.53 M⊙ pre-main sequence star that could have a resid-
ual disk. A slightly evolved ∼1.45 M⊙ star is also possible,
but such stars are typically not dusty. High resolution
spectra once the occultation ends may clarify the system
age. If the star is young, it is likely to show Li absorp-
tion and fast rotation while, if it is old, it should not.
The MODS spectrum was not sensitive enough to detect
the expected Li feature (Figure 3), but a high resolution
spectrum taken with the star again bright should eas-
ily test for its presence and strength. Combining the
DASCH archival photometry from 1894 to 1989 with
more recent surveys and the current event, a 43.8-year
period seems likely, as proposed by Nair & Denisenko
(2024). Unfortunately, few of the authors will live to
see the next eclipse in ∼ 2068, but some will. This
also raises the question of “slow” astronomy (Petz &
Kochanek 2025) – since the end of the Harvard plate
surveys (Grindlay et al. 2012), we have no project with
the commitment of long term support needed to monitor
the “slow” sky.
The star experienced a remarkably symmetric ∆g =

4.12 ± 0.02 mag eclipse with essentially no color change,
∆(g − z) = 0.31 ± 0.15 mag, and linearly polarized emis-
sion of up to 4%. The deep part of the eclipse lasted
219 days. Large (∼ 20 µm) carbonaceous or water ice
grains can produce the achromaticity and polarization,
while silicate and CO2 grains cannot. This suggests an
older, probably protoplanetary or collisional debris disk
where radiation pressure has removed the smaller grains
(see Krivov et al. 2006). This would leave behind the
larger grains needed to produce the achromaticity and
polarization. The occultation ended just as the system
set. While we do see that the polarization was decreasing
as the event ended, an immediate test for the hypothesis
that the occulter is producing the polarization would be
to measure the polarization once the source rises again
and find it to be negligible (or significantly smaller).
We considered several possible system geometries as-

suming that the period of 43.8 years proposed by Nair &
Denisenko (2024) is correct and that there is an ∼ 0.25M⊙
M star secondary. The presence of such a secondary is
supported by the SED and the dilution of the F star in-
frared absorption features near minimum, as well as the
need for something to drive the evolution of the system.
The most promising scenario is to have a circumbinary
disk. The 43.8 year period is then half the precession
period, assuming that events occur after every 180○ of
precession. In either of the precession scenarios, the bi-

nary orbit would be significantly shorter than the pre-
cession time at Pb ∼ 8(ab/1000R⊙)3/2 years with an F

star velocity of ≃ 2.6(1000R⊙/ab)1/2 km/s that could be
constrained over a few years.
We cataloged 46 similar events to see if we could draw

general conclusions about systems producing long and
deep eclipses. For the ε Aurigae or KH 15D archetypes
we found that for the same eclipse duration, the eclipses
produced by a companion hosting a disk (or extended)
structure (ε Aurigae like) have longer periods than those
produced by disks directly surrounding the eclipsed star
or stars (KH 15D like). The systems are scattered across
an optical CMD, and there seems to be no preferred
stellar type for these events. However, roughly half the
systems have WISE mid-IR excesses, which is consistent
with the need for obscuration to produce these events.
We suspect many without W1/W2 excesses would show
evidence of dust at longer wavelengths.
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Rodŕıguez-Ledesma, M. V., Mundt, R., Ibrahimov, M., et al.
2012, A&A, 544, A112, doi: 10.1051/0004-6361/201118649

Rowan, D. M., Stanek, K. Z., Way, Z., et al. 2021, Research
Notes of the American Astronomical Society, 5, 147,
doi: 10.3847/2515-5172/ac0c83

Rowan, D. M., Jayasinghe, T., Stanek, K. Z., et al. 2022,
MNRAS, 517, 2190, doi: 10.1093/mnras/stac2520

Saito, R. K., Minniti, D., Ivanov, V. D., et al. 2019, MNRAS,
482, 5000, doi: 10.1093/mnras/sty3004

Scaringi, S., Manara, C. F., Barenfeld, S. A., et al. 2016,
MNRAS, 463, 2265, doi: 10.1093/mnras/stw2155

Schmidt, G. D., Elston, R., & Lupie, O. L. 1992, AJ, 104, 1563,
doi: 10.1086/116341

Shappee, B. J., Prieto, J. L., Grupe, D., et al. 2014, ApJ, 788, 48,
doi: 10.1088/0004-637X/788/1/48

Shingles, L., Smith, K. W., Young, D. R., et al. 2021, Transient
Name Server AstroNote, 7, 1

Shuping, R. Y., Kassis, M., Morris, M., Smith, N., & Bally, J.
2006, ApJ, 644, L71, doi: 10.1086/505425

Simon, J. D., Shappee, B. J., Pojmański, G., et al. 2018, ApJ,
853, 77, doi: 10.3847/1538-4357/aaa0c1

Smith, K. W., Smartt, S. J., Young, D. R., et al. 2020, PASP,
132, 085002, doi: 10.1088/1538-3873/ab936e

Smith, L. C., Koposov, S. E., Lucas, P. W., et al. 2021, MNRAS,
505, 1992, doi: 10.1093/mnras/stab1211

Stefanik, R. P., Torres, G., Lovegrove, J., et al. 2010, AJ, 139,
1254, doi: 10.1088/0004-6256/139/3/1254

Tang, J., Bressan, A., Rosenfield, P., et al. 2014, MNRAS, 445,
4287, doi: 10.1093/mnras/stu2029

http://doi.org/10.48550/arXiv.1108.0446
http://doi.org/10.3847/1538-4357/ab5362
http://doi.org/10.1017/S1743921312000166
http://doi.org/10.3847/1538-4357/abee68
http://doi.org/10.1051/0004-6361:200809724
http://doi.org/10.1051/0004-6361:200810492
http://doi.org/10.48550/arXiv.2304.03791
http://doi.org/10.3847/1538-3881/ac625a
http://doi.org/10.3847/1538-4357/ada5fd
http://doi.org/10.3847/1538-3881/acb20c
http://doi.org/10.1088/0004-637X/714/1/549
http://doi.org/10.3847/1538-3881/ad1931
http://doi.org/10.1093/mnras/stad1293
https://arxiv.org/abs/2507.19594
http://doi.org/10.1086/300426
http://doi.org/10.1038/s41586-023-06573-9
http://doi.org/10.1093/mnras/stu2067
http://doi.org/10.1051/0004-6361/202243441
http://doi.org/10.1086/427793
http://doi.org/10.3847/0004-6256/151/3/68
http://doi.org/10.1093/mnras/stu1559
http://doi.org/10.1093/mnras/stu1559
http://doi.org/10.1088/1538-3873/aa80d9
http://doi.org/10.1051/0004-6361:20064907
http://doi.org/10.1093/mnras/282.2.597
http://doi.org/10.1088/0004-6256/140/4/1062
http://doi.org/10.1088/0004-637X/731/1/53
http://doi.org/10.1088/0004-6256/143/3/72
http://doi.org/10.3847/1538-4357/835/1/77
http://doi.org/10.1051/0004-6361:20053842
http://doi.org/10.3847/1538-4357/ace629
http://doi.org/10.1088/1538-3873/aae8ac
http://doi.org/10.1086/155591
http://doi.org/10.3847/1538-4357/ac2603
http://doi.org/10.1051/0004-6361:20041920
http://doi.org/10.5281/zenodo.3245276
http://doi.org/10.1051/0004-6361/202245330
http://doi.org/10.1088/1538-3873/ad7db1
http://doi.org/10.1086/507028
http://doi.org/10.1016/j.icarus.2019.06.007
http://doi.org/10.1017/pasa.2024.53
http://doi.org/10.1093/mnras/stx1249
http://doi.org/10.1093/mnras/stz725
http://doi.org/10.1093/mnras/staa2565
http://doi.org/10.1093/mnras/staf587
http://doi.org/10.1088/1538-3873/aae8bd
http://doi.org/10.1051/0004-6361/201937181
http://doi.org/10.1086/592107
http://doi.org/10.1051/0004-6361/201220747
http://doi.org/10.1117/12.857215
http://doi.org/10.48550/arXiv.astro-ph/9712146
http://doi.org/10.1093/mnras/stab575
http://doi.org/10.3847/1538-3881/ac2c81
http://doi.org/10.1051/0004-6361/202450288
http://doi.org/10.1051/0004-6361:20034606
http://doi.org/10.1093/mnras/stac3411
http://doi.org/10.1093/mnrasl/slu176
http://doi.org/10.1086/367745
http://doi.org/10.1117/1.JATIS.1.1.014003
http://doi.org/10.1088/0004-6256/150/1/32
http://doi.org/10.3847/0004-6256/151/5/123
http://doi.org/10.1051/0004-6361/201118649
http://doi.org/10.3847/2515-5172/ac0c83
http://doi.org/10.1093/mnras/stac2520
http://doi.org/10.1093/mnras/sty3004
http://doi.org/10.1093/mnras/stw2155
http://doi.org/10.1086/116341
http://doi.org/10.1088/0004-637X/788/1/48
http://doi.org/10.1086/505425
http://doi.org/10.3847/1538-4357/aaa0c1
http://doi.org/10.1088/1538-3873/ab936e
http://doi.org/10.1093/mnras/stab1211
http://doi.org/10.1088/0004-6256/139/3/1254
http://doi.org/10.1093/mnras/stu2029


20

Tang, S., Grindlay, J., Los, E., & Servillat, M. 2013, PASP, 125,
857, doi: 10.1086/671760

Testi, L., Birnstiel, T., Ricci, L., et al. 2014, in Protostars and
Planets VI, ed. H. Beuther, R. S. Klessen, C. P. Dullemond, &
T. Henning, 339–361,
doi: 10.2458/azu_uapress_9780816531240-ch015

Tonry, J. L., Denneau, L., Flewelling, H., et al. 2018, ApJ, 867,
105, doi: 10.3847/1538-4357/aae386

Torres, G., & Sakano, K. 2022, MNRAS, 516, 2514,
doi: 10.1093/mnras/stac2322

Tu, Y., Li, Z.-Y., & Lam, K. H. 2022, MNRAS, 515, 4780,
doi: 10.1093/mnras/stac2030

Tzanidakis, A., Davenport, J. R. A., Bellm, E. C., & Wang, Y.
2023, ApJ, 955, 69, doi: 10.3847/1538-4357/aceda7

van Werkhoven, T. I. M., Kenworthy, M. A., & Mamajek, E. E.
2014, MNRAS, 441, 2845, doi: 10.1093/mnras/stu725

Vanderbosch, Z., Hermes, J. J., Dennihy, E., et al. 2020, ApJ,
897, 171, doi: 10.3847/1538-4357/ab9649

Warren, S. G. 1986, Appl. Opt., 25, 2650,
doi: 10.1364/AO.25.002650

Warren, S. G., & Brandt, R. E. 2008, Journal of Geophysical
Research (Atmospheres), 113, D14220,
doi: 10.1029/2007JD009744

Way, Z., Stanek, K. Z., Kochanek, C. S., et al. 2019, The
Astronomer’s Telegram, 13346, 1

—. 2021, The Astronomer’s Telegram, 14436, 1
Winn, J. N., Hamilton, C. M., Herbst, W. J., et al. 2006, ApJ,

644, 510, doi: 10.1086/503417
Woitke, P., Min, M., Pinte, C., et al. 2016, A&A, 586, A103,

doi: 10.1051/0004-6361/201526538
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