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Abstract: AS314 (V452 Sct) is a poorly studied early-type emission-line star, which exhibits
an infrared excess at wavelengths longer than 10 um. Its earlier studies have been limited
to small amounts of observational data and led to controversial conclusions about its
fundamental parameters and evolutionary status. Comparison of high-resolution spectra
of AS314 taken over 20 years ago with those of Luminous Blue Variables and other high-
luminosity objects suggested its observed properties can be explained by a strong stellar
wind from a distant (D ~10 kpc) massive star, possibly in a binary system. However, a
recent assessment of its low-resolution spectrum along with a new distance from a Gaia
parallax (~1.6 kpc) resulted in an alternative hypothesis that AS314 is a low-mass post-
asymptotic giant branch (post-AGB) star. The latter hypothesis ignored the high-resolution
data, which gave rise to the former explanation. We collected over 30 mostly high-resolution
spectra taken in 1997-2023, supplemented them with results of long-term photometric
surveys, compared the spectra and the spectral energy distribution with those of post-AGB
objects and B/ A supergiants, and concluded that the observed properties AS 314 are more
consistent with those of the latter.

Keywords: spectroscopy; photometry; emission-line stars; circumstellar matter

1. Introduction

AS314 (V452 Sct, LS5107, BD —13°5061) is a ~10 mag star in Scutum. The presence of
a strong Ha line in emission was discovered in the course of the Mount Wilson Observatory
survey by Merrill and Burwell [1]. In a number of subsequent papers (e.g., [2,3]), the star
was classified as a B-or A-type supergiant from optical photometry or low-resolution spec-
troscopy. Miroshnichenko et al. [4] obtained three high-resolution optical spectra, which
supported the previous luminosity assessments and suggested a distance of D~10 kpc
to the object. This study also found that the spectral energy distribution (SED) of AS314
exhibits an IR excess at wavelengths over 10 um that is similar to those of some Luminous
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Blue Variables (LBVs). Chentsov et al. [5] compared high-resolution spectra of AS314
with those of a few other supergiants and LBV candidates (e.g., HD 160529, HD 168607,
HD 168625, and HD 183143) and found many similarities between them. At the same time,
the large distance is not well constrained and is mostly based on an interstellar extinction
law, which was poorly known at that time.

Alternatively, Venn et al. [6] suggested that AS 314 was a misclassified Be star due to a
double-peaked Ha profile and broad emission features around a few sharp metal lines. Also,
a Gaia DR3 parallax measurement was converted to a distance of D = 1.61 fg:gg kpc[7]. A
similar result from Gaia DR2 (D = 1.50f8:ﬁ kpc) prompted Smith et al. [8] to recalculate
the luminosity of AS314 to log (L/Lg) = 3.5 and suggest that it is an intermediate-mass
post-AGB star and not related to LBVs.

Parthasarathy et al. [9] included AS314 in a list of post-AGB candidates due to a
high heliocentric radial velocity (RV) (—76.7 & 8.3 kms~! listed with a plus sign in Gaia
DR2, [10]). These authors did not mention previous spectroscopic studies of AS314 [4,5],
but referred to post-AGB or planetary nebula-like far-IR colors. Mahy et al. [11] mea-
sured RVs of selected absorption lines in nine high-resolution spectra of AS314 taken
between 2016 and 2020, found irregular RV variations from —40 km s 1to —62kms~!, and
concluded that the object is not a binary system without addressing the evolutionary status.

The history of studies of AS314 summarized above does not provide a conclusive
assessment of its nature and evolutionary status. A confusion between the observed
properties of dusty massive early-type supergiants and intermediate-/low-mass post-AGB
stars has been known for years (e.g., [12]). A careful investigation of as many object’s
properties as possible is needed to resolve the problem. Here, we report the results of our
study of photometric and spectral properties of AS 314 derived from long-term observations
taken in the last ~25 years. Our goals included a search for periodic or cyclic variations in
the object’s brightness and/or spectral line positions as signs of possible binarity as well
as a better understanding of its nature through more careful comparison of the spectral
properties with both high-luminosity supergiants and post-AGB objects.

2. Observations

We collected optical spectroscopic data taken for AS314 in 1997-2023. A total of
34 spectra were taken at the facilities listed in Table 1. The spectra were extracted from
the raw 2D images using échelle tasks in the MIDAS (OAN SPM, ESO, ORLM, SAO) or
IRAF 2.16 (McD, TCO) software (for details see the papers on individual instruments
referenced in Table 1 caption). Each spectrum typically consists of several exposures, which
are summed up during the data reduction process. The latter includes bias subtraction,
spectral order separation, and wavelength calibration using spectra of a ThAr lamp.

Table 1. Observatories and Instruments.

Observatory Tel. Instrument R Location #Sp. Obs.Years
OANSPM 21m REOSC 18,000 B.C., Mexico 1 2013

SAO 6m LYNX 25,000 N. Arkhyz, Russia 2 1997-1999

SAO 6m PFES 15,000 N.Arkhyz, Russia 2 2000-2001
SAO 6m NES 60,000 N. Arkhyz, Russia 1 2002
ESO 22m FEROS 48,000 Chile 1 2016
McD 21m  Sandiford 60,000 Mt. Locke, TX, 1 2001

USA
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Table 1. Cont.
Observatory Tel. Instrument R Location #Sp. Obs.Years
ORLM 12m  HERMES 85,000 LaPalma, Spain 23 2020-2023

TCO 0.81m eShel 12,000 NC, USA 2 2023

Column information: 1—Observatory/Telescope acronym; 2—Telescope size; 3—Spectrograph name; 4—Spectral

resolution R = A/AA; 5—Observatory location; 6—Number of spectra taken; 7—Observation years.
Acronyms: TCO—Three College Observatory; OAN SPM—Observatorio Astronémico Nacional San Pedro
Martir; McD—McDonald Observatory; SAO—Special Astrophysical Observatory of the Russian Academy of
Sciences; ORLM —Observatorio del Roque de Los Muchachos. Spectrograph references: eShel—https://www.
shelyak.com(accessed on 27 February 2025); REOSC—[13]; NES—[14]; PFES—[15], LYNX—([16], Sandiford—[17];
FEROS—(18]; HERMES—([19].

Photometric data were taken from Miroshnichenko et al. [4] (U— to L-bands), the
ASAS-3 database (V-band, 2000-2009, [20]), and the ASAS SN Photometry Database
(V—-and g-bands, 2015-2024, [21]). Infrared data were obtained from several space-based
missions, such as IRAS [22], WISE [23], MSX [24], and AKARI [25].

3. Results
3.1. SED Modeling

The light curve of AS314 (see Figure 1, right panel) exhibits minor variability in the
V-band, likely due to pulsations or variable stellar wind. Fourier analyses of both ASAS-3
and ASAS SN light curves show no signs of periodic variations. The absence of significant
long-term trends or brightness variations suggests that AS314 is in a relatively stable
evolutionary phase. Therefore, the SED in the optical spectral region, where reddening is
stronger than that in the IR region, is reliable.

The SED of AS 314 was shown in Miroshnichenko et al. [4] with an IR excess revealed
from the IRAS data only. Such an excess produced by relatively cold (~100 K) circumstellar
dust is observed in SEDs of both LBVs and post-AGB objects and may be due to a strong
mass-loss that occurred in the past. A detailed study of the object’s spectrum in [4,5] showed
that the absorption lines are typical for an AO-type supergiant and that the interstellar
reddening is E(B — V) ~ 0.9 mag. The latter was derived from both the optical photometry
and the diffuse interstellar bands (DIBs). However, due to a scatter of the relationships
between the DIB strengths and color excesses (e.g., [26]), the derived color excess can also
be due to the total reddening, circumstellar and interstellar.
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Figure 1. Left panel: SED of AS314 corrected for the total reddening (E(B — V) = 0.9 mag). Pho-
tometric data are shown by red circles with error bars calculated from the brightness uncertainties.
Results of DUSTY modeling for a model atmosphere T¢ = 10,000 K and log g = 2.0 [27] are shown by
the solid lines (silicate dust—black line, graphite dust—blue line). The fluxes are normalized to that
in the V-band, the wavelength scale is shown in microns. Right panel: V-band light curve of AS314.
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Blue symbols show the data from Miroshnichenko et al. [4], black symbols show the data from
ASAS-3 (left part) and ASAS SN (right part). Red symbols represent g—band data from ASAS SN
shifted by 0.47 mag to match the V-band brightness level. The vertical bars show the uncertainties of
the average brightness measurements taking during one night.

The presence of an IR excess may imply a circumstellar reddening and extinction that
depends on whether the stellar radiation passes through the circumstellar material. In
order to investigate this effect on the SED of AS 314, whose IR excess is better constrained
with recent data from various IR missions (see Section 2), we modeled it using the code
DUSTY [28]. The code and the underlying theory are described in [29].

DUSTY solves exactly the radiative transfer problem in both spherical and planar
geometries taking full advantage of scaling. The following dust properties need to be
specified: the temperature at the inner radius, the overall optical depth at an arbitrary
wavelength, and the chemical composition of the dusty grains. Other input properties
involve dimensionless, normalized profiles of the external (stellar) radiation, dust optical
properties, and the dust density scale.

Since no IR spectra in the mid-IR region (AA 10 — —50 um) have been reported in the
literature, we cannot constrain the dust chemical composition and the grain size distribution.
However, DUSTY allows using a variety of optical constants (absorption and scattering
cross-sections) including mixtures of different types of grain. In our calculations, we used
several grain mixtures, which included only graphite or silicate grains as well as their
combinations with their different fractions (see [30] for description of this kind of modeling
and sources of the cross-sections).

The relatively weak observed IR excess suggests a low optical depth of the dust.
Nevertheless, we explored a range of optical depths from 0.05 to 1.0 and a range of dust
temperatures at the envelope’s inner edge from 100 to 150 K. It turned out that similarly
good fits to the observed SED can be obtained for most of the used grain mixtures with
about the same optical depth (~0.1) and inner temperatures. A radial density gradient of
p o r~2 was taken in all models. The grain size distribution was assumed to be typical for
interstellar grains [31], in which grain radii (a) vary « a=3° from 0.005 to 0.25 pm.

Examples of good fits are shown in the left panel of Figure 1. The blue solid line
represents a model with pure graphite dusty grains and an optical depth of 0.07, while
the black solid line shows a model with pure silicate grains and an optical depth of 0.14.
The main outcome of the SED modeling is that the circumstellar dust is optically thin.
Therefore, the dust envelope geometry is irrelevant and nearly all the optical flux reddening
is interstellar irrespective of how much dust is located on the line of sight.

3.2. Spectral Variations

The spectrum of AS 314 is variable. Temporal variations are observed in the equivalent
widths and relative intensities of many spectral lines. The most substantial changes are
evident in the Balmer lines, where the strength of the redshifted emission components as
well as the depths and widths of the blueshifted absorption components of the P Cyg-type
profiles vary noticeably (see left panel of Figure 2). In particular, the width of the absorption
component is indicative of the terminal velocity of the stellar wind. Our data show that the
latter varies between ~150 and ~200 kms~1.

The right panel of Figure 2 shows a significant difference in the Mg 11 (4481 A) and Si 11
(6347 and 6371 A) line profiles taken in 2016 and 2020. The broader and split Si It lines seen
in a higher-resolution 2020 HERMES spectrum might be attributed to several reasons, which
include variable turbulence in the star’s atmosphere or even yet unconfirmed binarity.
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Figure 2. Right panel: Balmer line profiles observed in different spectra marked with observing
dates and instruments. The intensity is normalized to local continuum, the RVs are heliocentric.
Left panel: Temporal variations of the Mg 1 and the Si 11 line profiles of AS314. The emission feature
near the Si 11 6371 A line in the right panel is an Fe 11 line. The vertical dashed line shows the
laboratory wavelength of the Mg 11 line.

The average RVs of several groups of purely absorption lines vary from —90 km s !
to —25 kms~! (see Figure 3), which is somewhat larger than the range found in previous
studies (e.g., [11]). The variations may be attributed to intrinsic stellar activity, such as
pulsations or episodic mass loss, rather than to orbital motion, as the lack of periodicity
argues against the presence of a close companion. However, the latter possibility is still not
excluded and requires spectral monitoring at various timescales.
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Figure 3. Radial velocity variations of AS 314 derived from a cross-correlation analysis of absorption
lines in a spectral region between 5023 A and 5080 A as well as the Si 11 6347 A and 6371 A lines, based
on HERMES spectra taken in 2020-2023.

4. Discussion

As mentioned above, the different distances of AS314 suggest two alternative evo-
lutionary scenarios. According to [8,9], the star should lie in a low-luminosity region of
post-AGB evolutionary tracks and thus is a low-mass post-AGB star (see Figure 4). This
suggestion is based on the Gaia distance and the IR excess produced by cold dust, which is
typical of some post-AGB objects.
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However, the spectrum of AS 314 differs significantly from those of such stars, which
typically show chemical signatures of internal enrichment (e.g., the s—process elements
enhancement [32] or, in a case of binaries, a strong depletion of most metals (cf. [33])).
In particular, AS314 exhibits emission components in numerous Fe 11 lines (cf. [5]) and
a strong emission in the Balmer lines, which are rare in low-temperature post-AGB stars.
Also, comparison with a spectrum of an apparently single post-AGB star HD 172324 (see
Figure 5), which has a similar Te¢ and a luminosity similar to that assigned to AS 314 from
the Gaia distance (see Table 2), shows weaker Fe 11 lines and a much weaker Balmer lines
emission in the former. This particular comparison may not look convincing, but there are
just a few post-AGB stars with such fundamental parameters. Additionally, it would be
a very old star with a mass of ~1 Mg, irrespective of the initial metallicity and metallic
absorption lines noticeably weaker than those in much younger massive supergiants.

In contrast, the results from Miroshnichenko et al. [4] suggest a much higher lumi-
nosity for AS314, which places it in the area of massive stars, particularly in the LBV
phase. Comparison with a spectrum of the much younger A-supergiant HD 91533, whose
fundamental parameters (see Table 2) are very close to those of AS 314 derived in [4], further
supports this suggestion (see Figure 5).

Also, the majority of post-AGB objects show weak and narrow Ha emission lines,
which are typically double-peaked (e.g., [33]). In contrast, the Ha line in the spectrum of
AS 314 is stronger than those in many massive and luminous supergiants (see, e.g., [34])
and only comparable to those of much hotter post-AGB objects (e.g., IRAS01005+7910,
Tt = 21,500 K, [35]).

Although the main argument for the high luminosity and the large distance of AS314
is based on the comparison with spectra of the most luminous supergiants and LBV, it is
not unusual that distances toward stars and binary systems with circumstellar envelopes
measured by Gaia differ from those estimated from spectroscopy. For instance, a Gaia
EDRS3 distance to the B[e] binary MWC728 is D = 292f§g pc, while the one found from
spectroscopy and consistent with the system’s evolutionary history is 1.0 kpc [36]. Such
discrepancies may be due to the presence of a secondary companion or an asymmetric
shape of the circumstellar matter that may affect motion of the object’s photocenter.

A Hertzsprung—Russell diagram shown in the right panel of Figure 4 includes evolu-
tionary tracks for massive stars, showing that the high luminosity of AS 314 fits well within
the evolutionary paths of LBVs. Although AS314 has not exhibited an LBV-like optical
brightening yet, its IR excess produced by distant cold circumstellar dust separates it from
“normal” supergiants.

We note here that the luminosity of AS314 derived in [4] versus those from [8,9] (see
Table 2) is not just scaled by the different distances used, because the latter authors do
not provide sufficient details to verify their results. Using the average V-band brightness,
V = 9.85+ 0.06 mag, from the ASAS data, E(B — V) = 0.9 £+ 0.1 mag, a bolometric
correction for Teg ~ 9,500 £ 500 K (BCy = —0.4 mag [37]), and the Gaia EDR3 distance
(1.611“8:2; kpc), one can calculate a luminosity of log L/Ls = 3.65 &+ 0.35. This value is
within the uncertainty that coincides with that from [8].

Another line of support for the larger distance to AS 314 comes from the interstellar
extinction law in the object’s direction provided by Green et al. [38], which was unavailable
at the time of the distance estimate by Miroshnichenko et al. [4]. According to this new
compilation, a reddening of E(¢ — ) ~ E(B — V) ~ 0.5 mag is reached at the Gaia distance
to AS314. It is significantly lower than the observed E(B — V) ~ 0.9 mag, which is reached
at distances larger than 4.8 kpc. Therefore, our study currently tends to confirm the earlier
results by Miroshnichenko et al. [4] and Chentsov et al. [5].
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Figure 4. Left panel: HR diagram for “likely” (green) and “possible” (blue) post-AGB stars [39].
Evolutionary tracks were taken from Miller Bertolami [40], corresponding to an initial metallicity of
Z = 0.02 and initial masses ranging from 1 to 4 M. Right panel: HR diagram for LBV stars (blue
circles) [41]. The evolutionary tracks were taken from Ekstrom et al. [42] for single stars with initial
masses ranging from 20 to 40 M. The positions of AS314 are marked by the red symbols based on
the parameters suggested in ([8,9], left panel) and in ([4], right panel).

2.0

[a—
()|

IR

<
W

L5
| LOp—— ol
0.5t "\[1 — ]

1 6336 6348 63

Il | 1 1 1 1 | 1
5005 5018 5031 5044 5057

T B A R
4464 4473 4482 4491
Wavelength (A) Wavelength (A)

Figure 5. Comparison of FEROS spectra of AS314 (black), the supergiant HD 91533 (red), and
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Table 2. Stellar Characteristics.
Object E(B—V) Sp.t. Tetr (K) log(L/Lg) Ref.
HD 91533 0.33 A2lab/b 9100 + 150 5.171 +£0.133 [41]
HD 172324 0.06 AOQlIabe 10,000 3.54 [9]
AS314 0.9 AQIat 9000 52+0.2 [4]
AS314 - - - 3.5 [8]
AS314 - - 10,500 3.17 + 0.09 [9]
AS314 - B9 1ae 10,500 - [43]

Column information: 1—Star ID, 2—Color excess E(B — V), 3—Spectral type, 4—Effective temperature,
5—Bolometric luminosity in solar units, 6—Reference to the source of the data.

5. Conclusions

Our study of photometric and spectroscopic data of AS314, an emission-line star with
a controversial evolutionary status, taken in the last ~25 years yielded the following results.
The star’s brightness level has been unchanged (V = 9.85 4 0.06 mag) with no signs of
periodic variations. The IR excess constrained with the data from space-based missions
shows the presence of cold circumstellar dust with a characteristic temperature of ~90 K.

The optical spectrum is more similar to those of supergiants and LBVs than to post-
AGB stars. We were unable to detect periodic variations of the absorption line positions
using 34 spectra taken between 1997 and 2023, thus leaving open the question of the object’s
binarity (typical for both LBVs and post-AGB stars). The interstellar reddening (E(B — V)
= 0.9 mag) points to a large (D > 5 kpc) distance toward the object and is inconsistent with
the Gaia parallax measurements (D ~ 1.6 kpc).

We are planning a more detailed comparison of the observed properties of AS 314 with
those of both evolved high-luminosity stars and post-AGB objects in order to arrive at a
better justified conclusion on its nature and evolutionary status. Also, more frequent high-
resolution spectroscopic observations on timescales of weeks and months would be needed
to address the subject of the object’s binarity. An IR spectrum to reveal chemical composition
of the circumstellar dust and imaging at a high spatial resolution or interferometry to try
detecting a possible nebula would be just as important for further investigation of this
unusual object.
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