PROCEEDINGS

OF SCIENCE

Confirmation of the Star J004229.87+410551.8 in M31
As a B[e] Supergiant

Sarkisyan A.,** Vinokurov A.,“ Solovyeva Yu.,” Atapin K.,> Sholukhova O.,*
Fabrika S.“ and Bizyaev D.¢

“Special Astrophysical Observatory of the Russian Academy of Sciences,
Nizhny Arkhyz, Karachai-Cherkessia, Russia

bSternberg Astronomical Institute, Moscow M. V. Lomonosov State University,
Universitetskiy prospekt 13, Moscow, Russia

€Apache Point Observatory and New Mexico State University,
2001 Apache Point Road, Sunspot, NM, USA

E-mail: ars@sao.ru

We study the luminous blue variable candidate J004229.87+410551.8 in the Andromeda Galaxy.
Earlier, the star displayed a spectral anomaly: although a hot emission spectrum had been detected,
it had strong Camt H and K absorption lines. Subsequently the star was assumed to be a hot
hypergiant or a Ble] supergiant. For the purpose of clear star classification, we conducted
spectroscopic and photometric analysis of the object and its surroundings with the 6-m telescope
of SAO RAS, the 3.5-m ARC telescope of the Apache Point Observatory and the 2.5-m telescope
of the Caucasus Mountain Observatory of the Sternberg Astronomical Institute. The spectrum
of the star has the Fe 1, [Fe ], [O 1], and Balmer emission lines. Its spectral energy distribution
shows an excess in the near-infrared range due to hot circumstellar dust. The indicated features
and a high estimated value of star’s luminosity (log(L/Lg) = 4.6 +0.2) allow us to finally classify
the object as a B[e] supergiant.
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1. Introduction

The star J004229.87+410551.8 was selected for this study from the sample of luminous blue
variable candidates [1]. The authors note the peculiarity of its spectrum: although the Balmer lines
are in emission and the lines of [Fe11] are present, the strength of the Catt H and K lines and the
presence of the G band could indicate a much cooler absorption spectrum. A suggestion was made
that the spectrum would be composite. Subsequently Humphreys et al. [2] did not find absorption
features of F or G stars in the obtained spectrum, and the star was assumed to be a hot hypergiant [3]
or a Ble]-supergiant [4]. The goal of this work is to clarify the star’s classification on the basis of
additional spectroscopic and photometric analysis. We will refer to the star by the first part of its
identifier in the Local Group Galaxies Survey (LGGS) [5].

2. Observations and archival data

In order to check for possible blending of the star with other sources, archival photometry data
were analyzed. From the LGGS data [5] it has been realized that there is some red source near the
star, which stays practically unnoticed compared to the object in the U image and is much brighter
in the / image (see the left panel of Fig. 1). An analysis of the HST archive photometry data showed
that the red source near the star is a globular cluster.

The fact that there is a cluster near J004229.87 places considerable limits on the angular
resolution and seeing of observations. We managed to perform sub-arcsecond optical photometry
with the 2.5-m telescope at the Caucasus Mountain Observatory of the Sternberg Astronomical
Institute: the U, B, V, R, and I images of the star with a seeing of 0.6 + 0.9 arcsec were taken
on September 13, 2020. The optical spectra of J004229.87 were obtained with the SCORPIO
spectrograph on the SAO RAS 6-m telescope (BTA) on September 21, 2020. The near-infrared
(NIR) spectrum of the star was obtained with the TripleSpec spectrograph on the 3.5-m ARC
telescope at the Apache Point Observatory (APO) on October 16, 2012. Quite good seeing during
both spectral observations (~ 1 arcsec) allows us to deblend the star and cluster spectra. We also
managed to perform NIR photometry with the NICFPS imager on the 3.5-m ARC telescope at the
APO. The H and K s images we taken on 26 October 2016, but the atmospheric conditions prevented
us from spatial resolving the star and the cluster.

3. Results

Figure 2 demonstrates the optical spectra of J004229.87. The star shows the Balmer emission
lines, numerous Fe 11 and [Fe 11] lines, and the [O1] and [N 11] lines. At the same time we do not see
any prominent absorption lines. The presence of forbidden lines is characteristic of B[e] stars [6].
Moreover, the [Fe 1] and [O1] lines are typical of B[e] supergiants [7].

The spectral energy distribution (SED) of J004229.87 in the optical and near-infrared ranges
is shown in the right panel of Fig. 1. We clearly see the strong excess in the NIR spectrum of the
star due to hot circumstellar dust, which is typical of B[e] supergiants [6].

To estimate star parameters, we approximated the optical part of the SED with a blackbody
spectrum, taking into account interstellar extinction. We also tried to describe the NIR excess due to
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Figure 1: Left: the U, B, V, R, I, and F8I4W(HST/WFPC2) images of J004229.87+410551.8 and its
immediate surroundings. The thumbnail images are 9 arcsec on a side, centered on the object. Rigth: the
spectral energy distribution of J004229.87+410551.8 in the optical and NIR ranges. The circles designate
the photometric data for the star, the pluses show the SED of the cluster, and the triangles indicate the
NIR photometry of the star and cluster without spatial deblending. The dashed line shows the blackbody
approximation of the star continuum in the optical part of the SED; the dash-dotted line demonstrates the
model of the dust emission contribution in the NIR range; the solid line indicates the total spectrum. Two
Starburst99 models that best fit the cluster SED are shown with the red (5 Gyr) and green (900 Myr) lines.
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Figure 2: The optical spectra of J004229.87+410551.8. The main strong lines are identified.

hot dust emission, assuming it to be black-body radiation with an effective temperature of 1300 K.
The SED modeling allows us to quite accurately estimate the interstellar extinction Ay = 0.7 £ 0.1
and, therefore, the star’s luminosity log(L/Lg) = 4.6 + 0.2. We should note that we accepted a
distance to M31 of 752 + 27 kpc [8] in our calculation.

We also performed spectroscopy and photometry of the cluster to detect its possible relationship
with the star. The absorption lines of the cluster spectrum turn out to be shifted by around 200 km/s
relative to the stellar lines. This speed is two orders of magnitude greater than the escape speed,
which was calculated using a projection distance of ~5 kpc and a cluster mass ~ 104Mg. We also
constructed the spectral energy distribution of the cluster and fitted it with the Starburst99 models
(see the right panel of Fig. 1). The best fit was achieved with cluster ages of 500—1000 Myr or
>5 Gyr. Therewith, the SED could not be fairly described by young cluster models. So both these
facts exclude the star connection with the cluster.
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4. Conclusions

The spectra of J004229.87 has the Fe 11, [Fe 11], [O 1], and Balmer emission lines. Its SED clearly
shows an excess in the NIR range due to hot circumstellar dust. The indicated spectral features and
the hot dust emission are characteristic of stars with B[e] phenomena [6]. This, together with the
high luminosity of the star (log(L/Lg) = 4.6 = 0.2), allows us to finally classify the object as a
B[e] supergiant.
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