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ABSTRACT

We present a detailed analysis of the early post-mass-transfer binary system HD 698 (V742 Cas),
combining high-resolution optical spectroscopy, long-baseline interferometry, and radiative transfer
modeling. Counter-phased RV curves reveal a circular orbit with a period of 55.927 + 0.001 d and
component masses of Mpe = 7.48 = 0.07 Mg and Mcomp = 1.23 £0.02 M. The Be primary is traced
via broad Ha wings, while narrow metallic absorption lines originate from a slowly rotating companion.
The angular separation measured via interferometry implies a dynamical distance of 888 + 5 pc.

The SED is best reproduced with a color excess E(B — V) = 0.321 + 0.016 due to interstellar
reddening and a moderately dense viscous decretion disk with base density pp ~ 5 x 10'2gcm ™3 at
T = Req, declining radially as p(r) oc 7~ with n = 3.0. The companion is found to be a luminous and
inflated star with Tog comp = 10.070% kK, Reomp = 13.1703 Re, and log L/Le = 3.19, contributing
significantly to the flux (Lcomp/LBe ~ 0.3).

Spectral line mismatches provide further circumstantial evidence that the companion is hydrogen-
poor, (consistent with a stripped-envelope star enriched by CNO processing. HD 698 thus belongs to
the emerging class of Be + bloated O/B binaries, representing a short-lived, high-luminosity post-
mass-transfer phase, when the stripped donor is still spectroscopically detectable before reaching the
subdwarf phase.

Keywords: Be stars (142)—Binary stars (154)—FEmission line stars (460)—Circumstellar matter (241)

1. INTRODUCTION along with an infrared excess and an ultraviolet deficit,
are typically attributed to a gaseous, nearly Keplerian
circumstellar disk (Rivinius et al. 2013). These stars
are generally rapid rotators, whose equatorial velocities
approach 70-80% of the critical break-up speed. They
exhibit spectroscopic and photometric variations associ-
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Classical Be stars are non-supergiant B-type stars that
exhibit Balmer emission lines at some point in their life-
times (Jaschek & Egret 1982). Those emission lines,
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sations and rotational modulation) and perturbations
within their circumstellar environments.

Three principal scenarios have been proposed for the
formation of Be star systems. The first suggests that
Be stars are born as rapid rotators, retaining their an-
gular momentum throughout the main sequence (Zorec
& Briot 1997). The second scenario involves evolution-
ary spin-up during the main sequence. In this model,
stars initially rotate at moderate speeds but experience
internal angular momentum redistribution, leading to
increased surface rotation rates as they evolve (Ekstrom
et al. 2008). These two single-star evolutionary scenar-
ios are supported by the presence of isolated Be stars
(McSwain & Gies 2005). The third is a binary evo-
lution scenario, first introduced by Kiiz & Harmanec
(1975). In this alternative theory, the Be phenomenon
arises after mass and angular momentum transfer in an
interacting binary, spinning up the initially less massive
star to near-critical rotation (Pols et al. 1991; de Mink
et al. 2013). Both theoretical predictions and population
studies have found support for this model. For exam-
ple, McSwain & Gies (2005) concluded that ~75% of Be
stars in young clusters may have undergone binary mass
transfer.

If a classical Be star was spun up via binary interac-
tion, theoretical models predict that after mass transfer,
the donor star loses its hydrogen-rich envelope, becom-
ing a stripped helium star (Wellstein et al. 2001; de Mink
et al. 2007). The outcome is a Be+He star binary, where
the mass gainer displays rapid rotation and the mass
donor is initially large and cold (a bloated star, Rivinius
et al. 2025) that is progressively shrinking and heating
up, evolving into an O or B class subdwarf (sdO/B) and
eventually into a degenerate object.

However, detecting companions in Be binaries remains
difficult. The Be star’s broad lines, disk contamination,
and brightness dominance often obscure the compan-
ions’s spectroscopic or photometric signal. This selec-
tion bias may explain the lower observed binary fraction
among fainter Be stars (Miroshnichenko 2011). In recent
years the binary hypothesis has gained traction through
infrared and interferometric studies. Disk truncation
signatures in the spectral energy distributions (SEDs) of
many Be stars are suggestive of tidal interactions with
undetected companions (Klement et al. 2019). Spectro-
scopic surveys have confirmed that a substantial fraction
of bright Be stars are binaries (Wang et al. 2021; Nazé
et al. 2022).

In recent years, a handful of newly identified Be bi-
naries revealed the diversity of the post-mass-transfer
phase. One such case is LB-1 (ALS 8775), originally
reported as a Be star orbiting a ~70 Mg black hole

(Liu & Pang 2019). This interpretation was revised fol-
lowing spectral disentangling and UV analysis, which
revealed the system to consist of a Be star and a
~1 Mg helium-rich pre-subdwarf companion (Irrgang
et al. 2020; Shenar et al. 2020). The stripped star shows
clear signatures of CNO-processed material, confirming
its post-mass-transfer origin. A similar reevaluation oc-
curred for HR 6819, first proposed to host a dormant
black hole in a close orbit (Rivinius et al. 2020). Sub-
sequent analyses and interferometric resolution showed
that the system contains a classical Be star and a bloated
companion, consistent with a recently stripped core of
an intermediate-mass star (Bodensteiner et al. 2020; El-
Badry & Quataert 2021). In both cases, the low radial
velocity (RV) of the Be star combined with its high ro-
tational line broadening led to a misclassification of its
physical properties and the mistaken inference of a black
hole companion. One of the most recent such discoveries
is HIP 15429. As reported by Miiller-Horn et al. (2025),
HIP 15429 is a newly identified Be+pre-He-star binary
with an orbital period of 28.9 days. Its companion is a
hot, compact remnant showing clear photospheric fea-
tures, but still retains significant radius and luminosity.
The system provides another example along the evolu-
tionary sequence connecting Algol-type binaries, classi-
cal Be stars, and helium subdwarfs.

LB-1, HR 6819 and HIP 15429 reveal a class of sys-
tems where the mass donor is caught in the transition
toward the subdwarf sequence. In this configuration, the
companion is still sufficiently luminous to be detected
spectroscopically or interferometrically. This stage is
expected to be short-lived (a few x10° yr) and may
precede the hotter, more compact sdO/B phase seen in
older Be binaries like ¢ Persei (Gies et al. 1998). Sys-
tems in this early phase offer rare observational access
to both components immediately after mass transfer,
before the companion evolves into a subdwarf.

HD 698 (V742 Cas) has a long observational history
as a peculiar and massive early-type binary. The sys-
tem was first introduced by Pearce (1932), who derived
its spectroscopic orbit using 40 spectra obtained over six
years. They determined an orbital period of 55.9 days
and identified the system as a binary composed of a B9
visible star and a B5-type companion. Based on inter-
stellar Ca 11 absorption, Pearce estimated a distance of
~1220 pc and an absolute magnitude of My = —3.4. His
inferred minimum total mass of 158 Mg was one of the
largest ever proposed at the time. Struve & Rudkjgbing
(1948) revisited these findings, confirming the low or-
bital eccentricity (e ~ 0) and strong interstellar Ca 11
features, but questioned the extremely high luminosity
and mass estimates. Using Stark-broadened hydrogen



and helium line profiles, they revised the system’s ab-
solute magnitude to a My ~ —2 to —3, implying that
HD 698 lies just above the main sequence. They argued
that Pearce’s velocity measurements were likely affected
by spectral line blending, and that the derived mass ra-
tio (¢ = 2.5) and total mass were likely overestimated.

Subsequent studies attempted to clarify the nature of
the system and its evolutionary state. Sahade (1967)
noted that the unseen companion appeared more mas-
sive than the visible component based on the mass
function, suggesting HD 698 as a prototype for bina-
ries with hidden companions and hinting at the pres-
ence of an optically faint, massive object. He also de-
tected Ha emission that did not follow the orbital mo-
tion of the visible star, indicating the presence of a cir-
cumbinary or a disk-like envelope. Later, Hutchings
& Bernard (1978) conducted a high-resolution spectro-
scopic reinvestigation and again found no support for
Pearce’s extreme mass claims. Instead, they estimated
a more plausible component mass near 15 Mg with a
mass ratio closer to unity. The primary was classified
as a B7 II-Ib giant with evidence for a stellar wind
(mass-loss rate ~ 107 Mg yr~1!), while the compan-
ion remained spectroscopically undetected and at least
1.5 mag fainter than the primary. They also reported
complex Balmer-line profiles, with Ha appearing single-
peaked and strong, while HG showed a double-peaked
shape, possibly tracing a rotating circumstellar struc-
ture. Next attempt to clarify the nature of the compan-
ion was made by Sahade et al. (1992), who analyzed In-
ternational Ultraviolet Explorer’s (IUE) spectra. Their
work refined the orbital parameters and showed that
the UV spectrum is dominated by the B5-type primary
(Tesr ~ 15 000 K), with no clear spectroscopic detection
of a companion. Multiple sets of discrete absorption
lines were identified. Most of them followed the orbital
motion, others were attributed to non-thermal sources
or to an expanding circumbinary shell. These findings
supported the idea of circumstellar material and a com-
plex radiation environment. The large mass function,
combined with the persistent non-detection of the com-
panion, led to speculation that HD 698 might host a
compact object such as a black hole (see, e.g., Chochol
& Mayer 2002), although no supporting X-ray emission
or high-ionization features were ever found.

A breakthrough came with the recent work of Riv-
inius et al. (2025), who combined long-baseline optical
interferometry and high-resolution spectroscopy to re-
solve the nature of HD 698’s elusive companion. Us-
ing the CHARA Array in the H band, they spatially
resolved the binary and measured a projected separa-
tion of 0.663 mas, directly detecting the companion.
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Contrary to earlier expectations of a compact object,
their analysis revealed that the companion is a low-mass,
helium-rich pre-subdwarf—i.e., the stripped remnant of
a once more massive star. The companion dominates
the absorption-line spectrum in the optical, showing nar-
row metal lines consistent with slow rotation and pho-
tospheric abundances processed via CNO cycling.

A tomographic study of HD 698 was recently done by
Gabitova et al. (2025), who analyzed Ha and Hf emis-
sion profiles and mapped the structure of the circum-
stellar disk using Doppler tomography. Their analysis
revealed violet-to-red (V/R) variations in both Balmer
lines that are locked in phase with the orbital motion,
suggesting a tidally perturbed, non-axisymmetric disk
structure. The double-peaked profile is more prominent
in HfB, while Ha appears more complex due to super-
imposed companion-related emission. Interestingly, in
HD 698 the V/R curve is phase-locked to the absorption-
line RV curve in the same manner reported for a number
of classical Be binaries (Miroshnichenko et al. 2023b),
despite these RVs trace the companion’s motion rather
than that of the Be star.

In this paper, we investigated the physical proper-
ties of the HD 698 system by combining new RV mea-
surements from high-resolution optical spectra with re-
cently published astrometric and interferometric data
(Sect. 2). The orbital solution derived from these ob-
servations gives most precise to this date estimates for
the system parameters, including the orbital period and
component masses (Sect. 3). In addition, we performed
radiative transfer modeling of the composite spectrum
(Sect. 4), enabling us to constrain the parameters of the
stripped companion. Finally, we place these results in
the context of binary evolution and discuss their implica-
tions for the post-mass-transfer state of HD 698 (Sect. 5)
and summarize our findings in Sect. 6.

2. AVAILABLE DATA
2.1. Optical spectroscopy

In this work, we built upon observations reported in
Gabitova et al. (2025) and used a total of 78 échelle
spectra, including 71 spectra obtained between 2014 and
2025 at the Three College Observatory (TCO) and 7
spectra obtained at the Kernersville Observatory be-
tween 2016 and 2018. The observations cover a wave-
length range of ~ 3920 A to 7800 A, with a spec-
tral resolving power of R =~ 12 000. Both observato-
ries were equipped with échelle spectrographs (Eshel
from Shelyak Insruments'?) and ATIK-460EX detec-

12 https:/ /www.shelyak.com
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tors. Data reduction was performed using standard pro-
cedures in IRAF, including bias subtraction, spectral or-
der separation, and wavelength calibration with a ThAr
comparison lamp. Flat-fielding was not performed be-
cause of a small variations of the pixel-to-pixel sensitiv-
ity (~1.5%) of the detectors. More details on the data
reduction are available in Miroshnichenko et al. (2023a).

2.2. Spectral Energy Distribution
2.2.1. Photometry

We compiled broad-band photometry for HD 698
from multiple surveys using the VizieR catalog service
(Ochsenbein et al. 2000). Two additional datapoints in
the UV region were obtained from Jamar et al. (1976).
The full list of photometric data sources used in the
study is provided in Table 1. In cases where multi-
ple measurements were provided for one filter, the fi-
nal value was considered to be the mean of the selected
points with the standard deviation as the uncertainty.
Whenever just one data point was available for a filter
and no uncertainty was provided, we adopted a conser-
vative 10% relative error.

2.2.2. Gaia Spectrum and Astrometry

For this study, we used astrometric and spectroscopic
data from the Gaia Data Release Gaia Collaboration
et al. (2023b,a). The spectroscopic data, specifically the
BP/RP spectrum in the 330-1050 nm wavelength range,
were retrieved from the Gaia DR3 archive'®. Resolving
power R ~ 20 — 100 depending on wavelength.

The astrometric solution, including parallax and
proper motion, was obtained from the Gaia DR3 cat-
alog. The parallax measurement of 1.4128 £ 0.0358 mas
corresponds to a distance of 703 £ 19 pc (Bailer-Jones
et al. 2021). However, the renormalized unit weight er-
ror (RUWE) of 1.46 slightly exceeds the conventional
threshold of 1.4 typically adopted to flag astrometric so-
lutions that may be affected by unresolved source com-
plexity or orbital motion (Lindegren et al. 2021).

2.2.3. UV Spectroscopy

We retrieved two ultraviolet spectra of HD 698 from
the IUE Newly Extracted Spectra (INES) database!“.
Out of the nine spectra in the archive, we selected
SWP 30287 (1151-1979 A) and LWP 10100 (1851
3349 A) Both were obtained using the large aperture.
SWP 30287 is a spectrum with R~370 and the longest
exposure time (7200 s) for this object. LWP 10100
has R~390 and low exposure time (25 s). We rejected

13 https://gea.esac.esa.int /archive/
14 https://sdc.cab.inta-csic.es/cgi-ines/TUEdbsMY

the high-dispersion, long-exposure LWP 10101 spectrum
from our study due to a noticeable shift of the 2175 A
interstellar absorption feature. A detailed discussion of
all IUE observations of HD 698 can be found in Sahade
et al. (1992).

2.2.4. IR Spectroscopy

We also incorporated a spectrum (R =~ 5 800) cov-
ering a wavelengths range from 0.39 to 2.50 pm. It
was obtained with the Aerospace Near-Infrared Imaging
Spectrograph (NIRIS, Rudy et al. 1999) on the 3-meter
telescope at the Lick Observatory. This observation was
conducted on 2018 October 20. A typical uncertainty of
the flux measurements is ~10% across all wavelengths.

3. ORBITAL SOLUTION

The optical spectrum of HD 698 is dominated by nar-
row absorption lines, which exhibit large-amplitude RV
variations. Top panel of Figure 1 shows a phase-resolved
spectrum of multiple metallic lines, demonstrating that
all absorption features follow the same sinusoidal mo-
tion. No secondary set of photospheric lines is seen at
any orbital phase. Historically, the visible RV curve was
treated as arising from a Be star, and the companion was
assumed to be spectroscopically invisible (e.g., Pearce
1932; Struve & Rudkjgbing 1948; Hutchings & Bernard
1978; Pols et al. 1991).

Following the reinterpretation proposed by (Rivinius
et al. 2025), we explore the alternative scenario in
which the visible absorption lines arise from an un-
usually prominent low-mass companion, while the Be
star’s photospheric lines are obscured by the circum-
stellar disk and made shallow by rotational broadening.
In this view, the high-amplitude RV curve corresponds
to the low-mass companion. Supporting this interpre-
tation, we measured a projected rotational velocity of
vsini = 28 £ 5 km s~! from 12 metallic lines in the
4481-4552 A region using the Fourier transform method
(Frémat et al. 2005).

Adopting the interferometric inclination of i =
119244 £ 0°27 (Rivinius et al. 2025), this corresponds to
an equatorial rotation speed of Vyot comp = 32£6 km s~L.
Such a slow rotation is inconsistent with a classical Be
star, which typically rotates at several hundred km s~!,
and would require an implausibly low inclination to rec-
oncile with our observed value.

To derive the orbital parameters, we used 78 échelle
spectra following Gabitova et al. (2025) and measured
RVs of the companion star via cross-correlation using the
xcsao task in IRAF (Kurtz & Mink 1998), applied to the
4450-4545 A region containing 12 absorption lines (see
the top panel of Fig. 1). To search for a spectroscopic
signature of the Be star, we analyzed the wings of the Ha



Table 1. Photometric data sources for HD 698.

Survey Bands Reference

TD1 FUV, NUV Jamar et al. (1976)
Johnson U,B,V,J, H K, M, L Mermilliod (2006)
Cousins U,B,V,R, I Mermilliod (2006)

SDSS u, g 7T, 1 Gaia Collaboration et al. (2023b)
HIP Hp, Bt, Vr European Space Agency (1997)
GAIA2 Ggp, G, Grp Gaia Collaboration et al. (2018)
GAIA3 Ggp, G, Grp Gaia Collaboration et al. (2023a)
2MASS J, H, Ky Cutri et al. (2003)

WISE W1, W2, W3 Wright et al. (2010)
AKARI SOW Ishihara et al. (2010)

MSX A Egan et al. (2003)
PAN-STARRS/PS1 g 11,2,y Chambers et al. (2016)
Subaru/Suprime TA598 Miyazaki et al. (2015)

emission line (Fig. 1), bottom panel) using a Gaussian
fitting procedure. We fit a single Gaussian to the outer
regions of the wings while excluding the central emission
core. The fitting range was defined by a velocity mask,
¥ < Umin OT U > Unmax, 10 isolate the high-velocity regions
presumed to trace the orbital motion of the inner disk.
This method returns the centroid velocity of the wings
for each epoch, interpreted as a proxy for the Be star’s
RV. 1

RVs from both sources were then fitted using the
binarystarsolve Python package (Milson et al. 2020)
to determine the orbital solution. The fitting resulted in
a period of P = 55.927 + 0.001 d and time of compan-
ion’s inferior conjunction Ty = 56050.946+0.154 RJD'6,
matching the result of the previous study by Riv-
inius et al. (2025). The RV semi-amplitude and sys-
temic velocity are Kcomp = 85.71 £ 0.12 km s~ and
Yeomp = —23.58 £ 0.09 km s~!, respectively. The ec-
centricity is e = 0.005 4 0.002. These parameters are
in good agreement with previous studies, as can be
seen in Table 2. Given the small eccentricity value
and the consistency with the assumption of circular-
ity in prior work (e.g., Rivinius et al. 2025), we adopt
a circular orbit for all subsequent modeling and mass
calculations. The Be star’s RV curve is in anti-phase
with that of the companion (See Fig. 2). The semi-
amplitude Kpo = 14.04 & 0.11 km s~! and systemic
velocity Yge = —22.1240.08 km s~ !, in close agreement

15 We note that this method was cross-validated against several
simpler estimators, including cutting wings at different ampli-
tudes and using the mean velocity, and dislocating an exponen-
tial fit from one wing to another. These alternative methods
reproduced our Gaussian-fit RVs with average difference from
0.47 to 1.78 km s~ 1.

16 RJD = JD - 2400000

with the systemic velocity derived from companion’s mo-
tion.

The dynamical distance was obtained by comparing
the projected orbital separation with the interferometric
angular separation of 0.663 + 0.003 mas (Rivinius et al.
2025), which gives a value of 888 & 5 pc. We argue
that this estimate supersedes the Gaia parallax distance
(703+£19 pc, Bailer-Jones et al. 2021), given the marginal
RUWE of 1.46 and the higher precision of our combined
spectro-interferometric solution.

4. SED MODELING
4.1. Modeling Framework and Assumptions

To constrain the physical properties of HD 698, we
constructed a three-component spectral model that in-
cludes a Be star, its circumstellar disk, and a stripped
companion. Figure 3 illustrates the expected morphol-
ogy of such a system, showing a model surface den-
sity map of a Be binary with similar orbital period and
mass ratio. Given the complexity of the system and
the degeneracies inherent in multi-parameter modeling,
we adopted a hybrid approach: the Be star and the
disk were constrained using physically motivated priors,
while the companion’s parameters were allowed to vary
freely.

This strategy reflects the different evolutionary expec-
tations for the two stars. The Be star is assumed to be
near the terminal-age main sequence (TAMS), consis-
tent with both the single-star spin-up and the binary
mass-transfer formation channels. In either case, the
Be phenomenon is expected to disappear as the star
evolves off the main sequence and spins down. However,
the duration and precise termination of the Be phase
depend sensitively on the efficiency of internal angular-
momentum transport and core—envelope coupling, which
remain uncertain in models of massive stars (e.g., Ek-



Table 2. Orbital parameters for HD 698.

Parameter 1] 2] [3] This work
Number of observations 11 31 29 78

P [d] 55.9212 £ 0.0018  55.9233 £ 0.0009  55.9305 £ 0.0034 55.927 £ 0.001
To [RID] 43315 £ 5 43316.585 £ 0.106  56050.939 + 0.227 56050.946 £ 0.154
e 0.01 = 0.01 0.005 £ 0.001 0.0 0 (fixed)
Kge [km s7] 14.04 4+ 0.11
Keomp [km s71] 842+ 14 81.2 £ 0.96 87.06 £ 1.24 85.71 £ 0.12
YBe [km s7!] —22.12 + 0.08
Yeomp [km s —25.6 £ 0.9 —27.1 £ 0.63 —22.94 £+ 0.87 —23.58 + 0.09
q = Mcomp/MBse 0.9-1.5 0.164 £ 0.001
Mzge [Mg] 12.5-26.2 7.48 + 0.07
Meomp [Mp] 11.3-39.2 1.23 £+ 0.02
i [°] 70-90 119.44 + 0.27

a [mas] 0.663 + 0.003

d [pc| 888 + 5

NoTE— [1] - Hutchings & Bernard (1978). [2] - Sahade et al. (1992). [3] - Rivinius et al. (2025).

strom et al. 2008, 2012; Maeder & Meynet 2012). Based
on this, we adopted single-star rotating evolutionary
tracks from the Geneva models (Ekstrom et al. 2012)
to estimate the Be star’s temperature, radius, and lu-
minosity given the mass obtained in Sect. 3. Specif-
ically, we selected a solar-metallicity model with frac-
tional main-sequence age t/tys = 0.95 and rotational
parameter W = 0.8, typical of classical Be stars (Zorec
et al. 2016). The adopted parameters for the Be star
are listed in the Table 3. In contrast, the companion is
a stripped post-interaction object and is not expected
to follow standard stellar evolution (see Sect. 5.2). We
therefore treated its temperature and radius as free pa-
rameters, constrained by the observed SED.

For the circumstellar disk, a parametric version of the
viscous decretion disk (VDD, Lee et al. 1991) model was
assumed. Following a common approach in the litera-
ture (e.g., Vieira et al. 2017) the disk density follows a
power-law in the equatorial plane and a Gaussian in the
vertical direction:

p(r,z) = po (R:q>neXp (—QHZ(QT)Q) ; (1)

where r and z are radial and vertical cylindrical coordi-
nates respectively, in the stellar frame of reference, pg is
the base density, and H(r) is the vertical scale height,
which increases with radius as:

o= (1) )

where [ is the flaring exponent. The base scale height
Hjy is computed from the Be star’s temperature and
mass, assuming an ideal gas. In addition, the veloc-
ity was assumed to be purely Keplerian with zero radial

velocity and an azimuthal velocity given by Bjorkman
& Carciofi (2005).

Following Bjorkman & Carciofi (2005), who derived
approximate formulae for p and H under the assumption
of an isothermal disk fed for an infinitely long time, we
adopted a fixed flaring exponent S = 1.5 and a density
fall-off index n = 3.5. In addition, we also considered a
shallower slope, n = 3.0, to account for the mass accu-
mulation effect expected in truncated disks of binaries
(Panoglou et al. 2016).

For each value of the density slope (3.0 and 3.5), we
considered seven values of the base density in the range
2.5 % 10" to0 3.0 x 10'® cm™3. These values were guided
by typical disk properties in Be star surveys (Vieira
et al. 2017). This resulted in a set of 14 disk models
for the fixed Be star mass. Finally, to explore distance-
dependent effects, we computed models at discrete dis-
tances corresponding to the Gaia parallax and our dy-
namical estimate derived in Sect. 3. Table 3 lists the
parameters explored.

The Be star and disk spectra were precomputed
using HDUST (Carciofi & Bjorkman 2006), a three-
dimensional Monte Carlo radiative transfer code that
treats non-LTE conditions, rapid rotation, and circum-
stellar disk geometry. For each model, HDUST gen-
erates the emergent SED from far-UV to mid-IR, as
well as Ha and Hf line profiles. The stripped compan-
ion was modeled using interpolated atmospheric mod-
els (Castelli & Kurucz 2003) over a regular grid in Teg
(3 500-50 000 K) and radius (1-30 Rg), with log g de-
rived from the orbital mass and fitted radius. The model
fluxes were reddened using the extinction law of Cardelli
et al. (1989), adopting a fixed Ry = 3.1 and allow-
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Figure 1. Top panels: 78 spectra (grey) of the 4450-4545 A (upper plot), 4815-4890 A (middle plot), and 6520-6690 A regions
(lower plot), overlaid with an averaged spectrum (blue). Bottom panels: phase-resolved spectra of the same regions. Blue
dashed line demonstrates motion of the companion, red dashed line—motion of the Be star.
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ing color excess E(B — V) to vary between 0.01 and
0.95. The SED fitting served as the primary constraint
(Sect. 4.3); line profiles were used as secondary consis-
tency checks to evaluate physical plausibility (see below
Sect. 4.3.1).

4.2. MCMC Fitting and Parameter Ezxploration

To determine the physical parameters of HD 698, we
performed a grid-based Markov Chain Monte Carlo
(MCMC) fit to the observed SED. The dataset com-
bines broad-band photometry and low-resolution spec-
tra spanning ultraviolet, optical, and infrared wave-
lengths (see Sect. 2).

The total observed flux (F{°*®) at wavelength A is
modeled as the sum of the intrinsic fluxes from the Be
star with its circumstellar disk (F2°T4*%) and from the
companion star (Fy\°"'") as

F)t\Otal = [F)]\?)e+di5k(p0’ n’ d)+
T (Tog comps Reomp, d)] - 10704 AXEB=V)Ev)

(3)

Both contributions are scaled to the system’s distance
(d) and then attenuated by interstellar extinction, repre-
sented by the multiplicative factor 10~ 044\ (E(B=V),Rv)
The companion’s effective temperature, Teg, comp and
radius, Rcomp Wwere treated as free parameters, along
with color excess E(B — V). Distance d and disk pa-
rameters, the slope n and base density py, composed
an external grid, as shown in Table 3. For each of
the 28 resulting model-distance combinations, we ran
an independent MCMC chain using the emcee package
(Foreman-Mackey et al. 2013) to explore the posterior
distributions of the free parameters.

T T T T T T T T T T T T T T

50,_ E

Tw oj -
=) L
=, I

> _solL ]
0

[ 1 L L L L 1 L L L L 1 L L L L 1 L L L L 1 ]

0.0 0.5 1.0 1.5 2.0

Orbital Phase

Figure 2. Phase-folded RV curves: companion’s RVs (cir-
cles), Be star’s RVs (triangles), with fits overlaid (solid blue
line for the companion and solid red line for the Be star).
The average error of the companion’s RV measurements is
1.67 km s~ !, of the Be star’s—2.07 km s *.

log(Z) [g cm™3]

X [Reql

Figure 3. Surface density map for a Be binary model with
a b0-day orbital period, ¢ = 0.16, and disk viscosity param-
eter a = 1.0. The white lines trace the Roche equipoten-
tial contours, with the two large black circles representing
the Be star (in x, y=0.0) and the companion (x=25.6 Req,
y=0.0 Req). The small black dots trace the two spiral arms
formed in the Be disk due to the presence of the companion.
More details about the simulation can be found in Rubio
et al. (2025).

A x? statistic was used to assess goodness of the final

SEDs:
N bs model \ 2
F)(\)’L - F)\ 7
Xl%: E ( - o : ) ; (4)

i=1

where both 4 indexes over a total number N of either
photometric points or binned spectral fluxes; F)‘?ES rep-
resents observed flux and F/{f‘fdel—modeled one, o; is the
observational uncertainty. To ensure that no wavelength
range dominated the fit, we grouped the residuals into
five spectral intervals (UV, Balmer jump, optical, NIR,
and IR) and normalized their contributions to give each
region equal weight in the total x2, that was then con-
structed as the mean of the region-wise contributions:

L
2 _ 2
X = EZXIW (5)
k=1
with Nk = 5.

4.3. Best-Fit Model and Results

Following the MCMC fitting procedure, we recom-
puted the final SED of the stripped companion using
HDUST, adopting the most probable parameters (Teg
and Rcomp) from the posterior distributions. This step
was necessary to ensure full consistency with the ra-
diative transfer treatment applied to the Be star and



Table 3. Explored grid of tabulated parameters used in SED modeling.

Parameter

Explored Values

Be star (adopted parameters):

Mass Mg [Mg]
Radius Rge [Ro)]

7.5
6.3

Effective Temperature Teg e [kK]  20.1

Surface gravity log g [cgs] 3.7
Luminosity log L [Le] 3.8
Circumstellar Disk:

Density slope n 3.0; 3.5

Base density po [10'? g cm™

2.5; 5.0; 7.5; 10; 15; 20; 30

System-Wide Parameter:

Distance d [pc]

703; 888

disk components, particularly for the generation of high-
resolution line profiles and scattered flux contributions.
The companion’s synthetic SED, produced in HDUST,
replaced the Kurucz-based grid spectra used during
MCMC sampling in the final best-fit model.

Figure 4 shows the synthetic SED corresponding to
the highest posterior probability model from our MCMC
analysis across all sampled combinations of distance,
disk density structure, extinction, and companion prop-
erties. In the top panel, the total SED (purple solid line)
is decomposed into contributions from the Be star and
its circumstellar disk (yellow solid line) and the stripped
companion (green solid line), with all components mod-
eled using HDUST. The disk contribution to the SED is
shown as a yellow dashed line. The observed data are
plotted in black. The bottom panel shows the residu-
als across wavelength. The residuals are generally con-
tained within +1¢ through most of the optical and NIR
regions. Around the Balmer jump and in the MIR resid-
uals are skewed positive at the level of ~ 1-2¢. The for-
mer might be a sign of a mismatch in the modeled hy-
drogen abundance, and the latter might be hinting that
a disk contribution is slightly too faint in this regime.

The associated parameters for this model are sum-
marized in Table 4. Notably, the derived color excess,
E(B - V) =0.32270522 is in close agreement with the
value from the Bayestar19 3D dust map (Green et al.
2019) at the dynamical distance of 888 pc (E(B—V) =
0.309), and the value obtained by Sahade et al. (1992)
from the IUE spectra (E(B — V) = 0.36). The com-
panion star is significantly inflated, with a radius of
Reomp = 13.1792 Ry, but relatively cool, with an ef-
fective temperature of Teg comp = 10.0J_r8:§ kK. Despite
this, its luminosity is comparable to that of the Be pri-
mary (Leomp/Lse ~ 0.3). The significant temperature
difference between the two stars explains why the Be star
dominates the ultraviolet part of the spectrum, while

both stars contribute comparably in the optical. In the
infrared, the Be star again dominates, due to emission
from its circumstellar disk, characterized by a base den-
sity of po = 5.0 x 10'?2 g cm™ and a density slope of
n = 3.0.

Figure 5 shows that the model quality, as measured
by total SED x?2, shows dependencies on free parame-
ters, disk parameters, and the distance. The fit favors
intermediate base densities in the range py = 5 x 10'?
to 1 x 10'3 cm™3. As can be seen in Fig. 4, the IR is
where disk’s contribution is most notable. Lower values
of disk’s base density underpredict the IR excess, while
higher densities begin to overproduce it. Regarding the
companion’s physical parameters, higher T,.g values pro-
duce excess UV flux and degrade the fit, particularly be-
low 3000 A, where the Be star dominates the spectrum.
There is a preference for models with larger companion
radii, but this trend must be interpreted in conjunction
with the effective temperature. Bigger radii and lower
temperatures provide better agreement in the near-IR
and optical, where the flux contribution from the com-
panion becomes non-negligible. Conversely, models with
small radii and high temperatures tend to contribute in-
sufficiently to the flux in these regions.

These correlations indicate that the companion is
bloated, relatively cool, and luminous. Although indi-
vidual parameter uncertainties are small in the MCMC
posteriors, these reflect the local shape of the likeli-
hood and do not account for broader systematic ef-
fects. The strength of our modeling lies in exclud-
ing implausible solutions. The MCMC posteriors (Ap-
pendix A; Figs. A1-A7) constrict the preferred solutions
to Teg =~ 10.0-11.2 kK and R ~ 4.4-13.7 Rgy. An
extremely cool/compact case (Fig. A7, Teg ~ 3.6 kK,
R ~ 3.1 Ry) remains a single outlier with the highest
residuals and was omitted from the x? summary plots
(Fig. 5) to preserve the scale. If the dynamical distance
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Figure 4. Top panel: The total modeled SED (purple solid line) is the sum of the Be star and its disk (yellow solid line)
and companion’s (green dashed line) contributions, both generated with HDUST. Observational data is shown in black. Yellow
dashed line represents flux contribution from the disk. Bottom panel: residuals distribution across wavelengths.
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Figure 5. Distribution of SED x? values as a function of base density for HDUST models at two distances (703 pc and 888 pc)
and two density slope parameters (n=3.0 and n=3.5). Each panel shows the same data colored by different free parameters:
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alone is adopted (d = 888 pc), the posteriors tighten
further to Teg =~ 10.0-10.7 kK and R =~ 9.1-13.7 Rg.
Thus, while absolute values remain subject to model as-
sumptions (composition, disk symmetry), our analysis
tightly constrains the companion’s effective temperature
and, while radius values vary in a bigger range, compact
solutions are ruled out.

4.3.1. Consistency of Line Diagnostics with SED Models

In this subsection, we discuss the line profile predic-
tions of the SED-based modeling outlined above. Even
though no attempt has been made to incorporate the
line profiles as modeling constraints—for the reasons dis-
cussed at the end of this subsection— this comparison
is nevertheless useful.

Although our SED modeling tightly constrains global
system parameters, the synthetic spectra fail to repro-
duce the observed spectral lines. Figure 6 shows the
model and observed Balmer line profiles with and with-
out the companion’s contribution. Models across the
parameter space systematically predict lower EWs with
both Ha and HB. Removing the companion’s absorption
component—to mimic a hydrogen free atmosphere—
improves the Ha profile but the EW is still lower than
the observed Ha's value, while HB’s EW becomes over-
estimated. This suggests that the companion may
be hydrogen-poor, consistent with expectations for a
stripped post-interaction object. Testing this hypoth-
esis will require spectroscopic modeling with non-solar
abundances. Variations in disk density, companion’s ef-
fective temperature, or radius do not resolve the discrep-
ancy within the limits of solar-abundance models.

A complementary comparison was performed for se-
lected photospheric absorption lines of the companion.
Observed equivalent widths (EWs) were measured in one
high-SNR echelle spectrum, corrected for the systemic
velocity. Figure 7 compares measured EWs to those pre-
dicted by the best-fit SED model. In all cases, the model

Table 4. Most Probable Solution from SED Radiative
Transfer Modeling.

Parameter Type Value
Companion:

Reomp[Ro] free 13.115°2
Tett,comp [KK] free 10.0152

Circumstellar Disk:

n discrete 3.0

po [10*% g cm™¥] discrete 5.0

System-Wide Parameters:
d [pc] discrete 888
EB-V) free  0.32240-00

1
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Figure 6. Top panels: comparison of HDUST-gener-

ated most-probable solution model (purple solid line) with
the average observed Ha (left panel) and HS (right panel)
line profiles (black solid line). The model includes contri-
butions from the Be star and its disk (yellow dashed line)
and the companion (green dashed line). Bottom panels:
same, but companion’s flux assumed to be flat. For each
panel, we report the EWs for comparison: top-left (Ha):
EWobserved = —9.47 A, EWnodel = —2.61 A; top-right (HB):
EWobserved = 1.10 A, EW noae = 2.39 A; bottom-left (Ha):
EWobserved = —9.47 A, EWpode1 = —4.51 A; bottom-right
(HB): EWopserved = 1.10 A, EW 0401 = 0.31 A.

predicts weaker absorption lines, not within observa-
tional uncertainties. Assuming smaller companion radii
or higher temperatures results in only minor improve-
ments, and the mismatch persists across the parame-
ter grid. Models computed at Gaia’s parallax distance
slightly improve the Balmer line fits while slightly wors-
ening the absorption line fits; however, these changes do
not resolve the discrepancies.

The poor performance of line diagnostics highlights
two key limitations of our current models. First, the as-
sumption of solar composition likely fails for the stripped
companion, which may exhibit strong CNO-cycle enrich-
ment and an altered opacity structure. Second, the cir-
cumstellar disk model assumes axial symmetry and no
external irradiation, which likely underestimates Balmer
emission. It was shown by Gabitova et al. (2025) that
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Figure 7. EW comparison of HDUST-generated absorption
lines with the observed spectrum. Black dashed line indicates
perfect fit.

the emission lines in HD 698 have a complex structure,
significantly influenced by the companion. These ef-
fects should be addressed in future modeling using non-
solar abundance atmospheres and more complex hydro-
dynamical disk structures.

5. DISCUSSION
5.1. Nature of the System

HD 698 appears to be a member of the emerging class
of Be + bloated binaries. This rare configuration has
only been recognized in the past few years (e.g., LB-
1 (LS V+22 25), HR 6819, and HIP 15429, Shenar
et al. 2020; El-Badry & Quataert 2021; Miiller-Horn
et al. 2025). These systems are now understood as
post-interaction Be binaries with recently stripped stars
rather than compact objects as companions. As summa-
rized in Table 5, HD 698 shares the defining traits with
LB-1, HR 6819, and HIP 15429: a rapidly rotating Be
primary and a low-mass luminous companion.

Figure 8 illustrates that the known Be + bloated-
companion systems occupy a region at intermediate ef-
fective temperatures (Teg ~ 10-20 kK) and high lumi-
nosities for their masses. These companions are likely
expanded stripped cores of previously more massive
stars. Classical Be + sdO systems (e.g., ¢ Persei Gies
et al. 1998; Mourard, D. et al. 2015) host compact, hot
(Teg > 30 kK) remnants, located far to the left on the
HR diagram. HD698 and the other examples listed
above lie well apart, forming a distinct branch of Be
binaries.

Beyond individual Be-+bloated O/B binaries, popula-
tion studies show that binary interaction can produce
a large number of stripped helium stars with present-

log(L/L,,)

L @@ Bec+sd0

© Be+sdB
V] @—e Be+bloated O/B

| Y% HD 698

Figure 8. Comparison of HD 698’s components (magenta
stars) on HR diagram with known Be+sdO binaries (green
circles) (Gies et al. 1998; Mourard, D. et al. 2015; Wang
et al. 2017, 2021; Klement et al. 2024; Peters et al. 2008,
2013, 2016; Chojnowski et al. 2018), Be+sdB binaries (or-
ange circles) (Klement et al. 2022; de Amorim et al. 2025)
and three example Be+bloated O/B binaries from Table 5
(blue circles).

day masses of roughly 2-8 My and T,g of 50-100 kK
(Drout et al. 2023). These stars are bridging subdwarfs
and Wolf-Rayet stars and may be revealed by their
UV excess. At somewhat earlier evolutionary stages,
Be/Oe+partially stripped binaries with overluminous,
nitrogen-enhanced donors with masses of 4-8 Mg and
Teg of 21-40kK have now been identified in the Mag-
ellanic Clouds (Ramachandran et al. 2024). The com-
panions in Table 5, however, are cooler and less massive
than the systems explored in those studies. At the same
time, these companions, particularly in HD 698 and LB-
1 systems are more massive than expected from canon-
ical sdO/B companions in Be binaries, which typically
cluster around 0.5 Mg. However, a few well-studied
cases demonstrate that significantly higher-mass rem-
nants can occur. FY CMa, for example, hosts a 1.1-
1.5 Mg subdwarf (Peters et al. 2008), and V2119 Cyg’s
and 60 Cyg’s subdwarfs are reported to have masses of
1.35 Mg and 1.45 Mg, respectively (Klement et al. 2024).
The 1.23 £0.02 My companion of HD 698 therefore lies
comfortably within the observed range of companions’
masses in Be binaries, regardless of its precise evolu-
tionary stage or whether further mass-loss episodes will
occur.

5.2. FEwvolutionary status of the system

To test our interpretation and gain insight into the
possible progenitor characteristics of the system, as well
as its future evolution, we used the Binary Population
and Spectral Synthesis code (BPASS, Eldridge et al.
2017) and the Hoki package (Stevance et al. 2020) to
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Table 5. Comparison of HD 698 with known Be+bloated O/B binaries.

Parameter HD 698 LB-1 [1] HR 6819 [2] HIP 15429 [3]
Be Star

Spectral Type B3 Ve B3V

M [Mg] 7.48 + 0.07 5 6.7712 >7.0
Tog [KK] 20.1 18 18+2 1742

R [Ro| 6.3 3.7 47127 6.011°5
log g [cgs] 3.7 4.0 3.751055 40405
log L [Lo] 3.8 3.1 3.35104% 3.3679-29
vsini [km s~ 332 300 =+ 50 180 + 20 270 + 70
Bloated Companion

Spectral Type B5Ib

M [Mg] 1.23 + 0.02 1.1 0.471533

Tor [KK] 10.019:2 12.7 16 + 1 13.5 + 0.5
R [Ro| 13.1792 5.4 4729 9.0t%1
log g [cgs] 2.29 + 0.02 3.0 2.75 + 0.35 2.25 + 0.25
log L [Lo] 3.1970:0% 2.8 3117038 3431039
vsini [km s 28+ 5 742 <20 <30
System-wide

Por, |days| 55.927 + 0.001 78.7999 + 0.0097  40.3 + 0.3 221 + 1
e 0 0 <0.037 0.52 + 0.03
¢ = Meomp/Mpe  0.164 £ 0.001 0.21 + 0.02 0.071 4 0.032  0.066 & 0.053
d [pc] 888 + 5 1730 + 260

NoOTE— 1-LB-1 (Shenar et al. 2020), 2-HR 6819 (El-Badry & Quataert 2021), 3-HIP 15429 (Miiller-Horn et al. 2025). We ho-
mogenized literature values to a uniform convention (in particular, mass ratio ¢ is defined as Mcomp/MBe and luminosity is given
as log L [Le]). Small symmetric uncertainties were propagated with first-order differentials. In non-linear or asymmetric cases
we transformed the published bounds directly. For masses and mass ratio, we favored dynamical constraints over spectroscopic

or evolutionary ones.

Table 6. BPASS model parameters.

Parameter Model 1 Model 2
Initial Donor Mass [Mg] 5 4.5
Initial Gainer Mass [Mg| 4.5 3.6
Initial Orbital Period [days| 3.98 2.51
Donor Mass at HD 698 [Mg] 4.93 0.68
Donor Mass at sdO/B Stage [Mg] 0.92 0.68

search for evolutionary tracks of systems that would un-
dergo mass transfer and result in B stars on the MS and
lower-mass stripped stars. We searched the BPASS bi-
nary models at solar metallicity (Z = 0.02), and filtered
for those that have undergone mass transfer and result
in a mass-gainer star with a mass between 7.4 to 7.6 Mg,
and a low mass companion (0.2 to 1.25 M), the ranges
of which are consistent with our determined masses in
Table 2. We also excluded systems in which the final
orbital period was shorter than the initial one, as this
implies highly non-conservative mass transfer. A total
of 12 BPASS models satisfied these selection criteria.

The evolutionary track of the mass-donor in two of the
filtered BPASS models overlapped directly with the lo-
cation of the bloated star of HR 698 on the HR diagram.
These two tracks are plotted in Figure 9 along with the
location of both components of HR 698. Parameters
describing both models are listed in Table 6.

For the two models shown, the donor star first evolves
off the main sequence, leaving the terminal-age main se-
quence (TAMS) at a moderate luminosity. As core hy-
drogen is exhausted, the star expands and cools, moving
rightward across the HR diagram. This expansion trig-
gers mass transfer to the companion, during which the
donor becomes increasingly distended.

After this bloated phase, the star evolves leftward at
a nearly constant luminosity. Its effective temperature
rises significantly as the outer envelope is lost, and the
donor’s radius shrinks. At this stage, the surface com-
position is already modified by prior mass loss, and the
star transitions toward a hot subdwarf configuration.
Finally, the track settles at a high temperature and a
relatively low luminosity, marking the stripped-envelope
remnant. The star at this stage is helium-rich at the
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Figure 9. HR diagrams with evolutionary tracks of the mass-donor from two BPASS binary evolution models. The location
of HR 698 is given by the red ‘x’ and star symbols for the Be and bloated component, respectively. The two BPASS models of
Table 6 are shown in the top and bottom rows, respectively. Left to right, the tracks are colored by the mass-donor’s radius,

Hydrogen abundance, and Helium abundance.

surface and much more compact than during its bloated
phase.

The tracks in the first column of Fig. 9 are colored
by the radius of the donor star. The companion star to
HD 698 (red star in the figure) lies in the first bloated
portion of both tracks, consistent with our previous de-
termination; however, it intersects the tracks at dis-
tinctly different places: for model 1 (triangles, top-left)
it does so near the start of the bloated phase and for
model 2 (circles, bottom-left), near the end. In the first
case, the bloated star would have just recently left the
main sequence and would be “moving right” across the
HR diagram. The intersection happens =~ 2 Myr after
the end of the main sequence. For model 2, it would be
“moving left” towards the sdO/sdB stage of evolution.
At that point, &~ 19 Myr has passed since the end of the
main sequence. To distinguish between these two sce-
narios, note in Table 6 that the mass of the donor is still
large when Model 1 intersects the location of the bloated
star, while in Model 2 mass transfer has been nearly
completed by the time of intersection. This points to-
wards Model 2 being more accurate to the evolutionary
status of HR 698.

To further distinguish between the two evolution-
ary tracks and determine whether the bloated star is
moving rightward or leftward across the HR diagram,
we examine the second and third columns of Fig. 9,
where the tracks are color-coded by hydrogen and he-
lium abundance, respectively. The distinction is clear:
shortly after the main sequence, the bloated companion
is hydrogen-rich, whereas during its leftward evolution
toward the subdwarf stage, helium dominates. Surface
abundance measurements of the bloated star can there-
fore constrain the evolutionary stage of the companion
to HR 698.

Recent work by Sabhahit & Vink (2025) has clarified
an important distinction between stellar expansion (or
contraction) and inflation (or deflation). Expansion re-
sults from a thermal imbalance that develops after core-
hydrogen exhaustion, when the nuclear luminosity and
the actual luminosity diverge and the envelope readjusts
on a thermal timescale. By contrast, inflation refers to
the development of tenuous, radiation-dominated layers
near the local Eddington limit, which can occur even
in thermally balanced models and is characterized by
low-density envelopes supported primarily by radiative
pressure. The removal of such inflated layers, while the



star remains in thermal equilibrium, should properly be
described as deflation rather than contraction.
Although a detailed internal-structure analysis is be-
yond the scope of the present paper, the evolutionary
interpretation of HD 698 may hinge on this distinction.
Provided that the stripped companion is indeed evolv-
ing leftward in the Hertzsprung-Russell diagram, i.e.,
toward higher effective temperatures and smaller radii,
its present evolution could involve either deflation of a
previously inflated, radiation-supported envelope, or a
more conventional contraction following the cessation of
shell-hydrogen burning and restoration of thermal bal-
ance. Discriminating between these two scenarios will
require dedicated stellar-structure modeling that follows
the envelope response to both thermal and radiative-
pressure instabilities in the post-mass-transfer phase.

6. CONCLUSIONS

The nature of HD 698, as consisting of a classical Be
star and a low-mass bloated companion, is confirmed
through the analysis of RV data and spectral features.
This RV curve was historically attributed to the Be star,
assuming an unseen companion. However, we adopt
the scenario proposed by Rivinius et al. (2025) in which
the absorption lines originate from an unusually lumi-
nous companion, while the Be star’s lines are obscured
by its circumstellar disk and rotationally broadened.
The Be star is traced through the wings of Ha emis-
sion. The resulting orbital solution gives a mass ra-
tio of ¢ = 0.164 4+ 0.001, with component masses of
Mpe = 7.48 £0.07 Mg and Mcomp = 1.23 £0.02 M.

Using our spectroscopic orbit and the interferomet-
ric angular separation given by Rivinius et al. (2025),
we derive a dynamical distance of 888 + 5 pc. This dis-
tance is preferred over the Gaia parallax by our radiative
transfer modeling as well.

The Be star is modeled as a near-TAMS object with
Mpe = 7.5 Mg, Teg e = 20.1 kK, and Rp. = 6.3 Re.
Its disk is best reproduced by a density profile with
po = 5.0 x 102 g em™3 and n = 3.0, truncated at the
Roche lobe. Radiative transfer modeling of the spec-
tral energy distribution also confirms that the compan-
ion is an inflated, luminous, low-mass object. We find
Tet comp = 10.0707 kK and Reomp = 13.1702 Ry, with
logg = 2.29 £ 0.02. These properties are incompatible
with both main-sequence stars and compact subdwarfs,
and instead indicate a post-mass-transfer transient evo-
lutionary stage.

While the SED fit accurately reproduces the system’s
broadband fluxes, synthetic line profiles systematically
underestimate both Balmer and metallic line strengths.
This likely reflects the limitations of solar-composition
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models and the use of axisymmetric, non-irradiated disk
structures. These discrepancies motivate follow-up mod-
eling with non-solar abundances and time-dependent hy-
drodynamics.

Evolutionary tracks from BPASS indicate that the
companion is a recently stripped donor star in the
bloated phase, transitioning towards the subdwarf stage.
HD 698 thus joins the small but growing list of post-
mass-transfer Be binaries representing a transient evo-
lutionary stage. These systems offer rare constraints on
the immediate aftermath of mass transfer and the path-
way to classical Be + sdOB binaries, such as ¢ Persei.

The novelty of this study lies not only in the preci-
sion of the orbital solution, but also in the construc-
tion of the first self-consistent Be + bloated star model.
This establishes a benchmark for future investigations of
post-interaction Be binaries, where the secondary can no
longer be treated as an elusive or negligible contributor
to the system’s energy budget.

Looking ahead, an important step will be a detailed
spectroscopic analysis of the secondary. Such a study,
however, cannot be undertaken in isolation: as demon-
strated here, the secondary must be modeled jointly
with the primary and its circumstellar disk to obtain re-
liable physical parameters. This combined approach will
be essential for disentangling the spectra of both compo-
nents, constraining surface abundances and evolutionary
models, and ultimately advancing our understanding of
the post-mass-transfer fate of massive binaries.
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Figure A1l. Corner plots of the MCMC posteriors for the model with disk base density po = 2.5 x 102 gem 3.

APPENDIX

A. MCMC CORNER PLOTS

Corner plots show the posterior probability distributions and parameter correlations from our MCMC analysis.
Each diagonal panel displays the marginalized posterior distribution for a single parameter as a histogram, with the
median and 68% confidence intervals (16th to 84th percentiles) displayed in the panel titles above each histogram.
Off-diagonal panels show the two-dimensional posterior distributions as contour plots. The contours represent the
16th, 50th (median), and 84th percentiles of the joint posterior distribution, corresponding to approximately 1o and
20 confidence regions for a Gaussian distribution. Each of the Figs. A1-A7 contains four panels for a single value of
disk base density. Panels are arranged by distance d = 888 pc (top row) and d = 703 pc (bottom row) and by disk
density slope n = 3.0 (left column) and n = 3.5 (right column).
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