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Abstract

In several B-type supergiants, photometric and spectroscopic variabilities together with episodes
of enhanced mass-loss have been observed. Here we present the preliminary results of a lin-
ear stability analysis followed by nonlinear numerical simulations in two B-type supergiants
MWC 137 and MWC 314. All the considered models of MWC 137 having mass in the range of
30M¢, to 70 M, are unstable while for the case of MWC 314 models with mass below 31 M, are
unstable. The instabilities have been followed into the nonlinear regime for selected models of
these two supergiants. During the nonlinear numerical simulations, instabilities lead to a finite
pulsation amplitude with a well defined saturation level in the considered models of MWC 137
with mass greater than 42 M. The model of MWC 314 with mass of 40 M. — the suggested
mass for the primary star — does not show any instabilities both in linear stability analysis and
nonlinear numerical simulations. The velocity amplitude reaches to 107 cms~! in the nonlinear
regime for the model of MWC 314 with mass of 30M,. Further extensive numerical simula-
tions and observations are required to understand the origin of the observed variabilities in these
stars.

Keywords: Massive stars, Supergiants, B-type stars, MWC 137, MWC 314, Instabilities in
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1. Introduction

Massive stars (initial mass > 8 M) play a crucial role in chemical enrichment, star forma-
tion, and dynamics of galaxies. These stars have a variety of brief transitional phases during
which they show significant changes in their properties such as the luminosity (log(L/L)),
surface temperature (7¢¢) and radius (R). Massive stars are subject to significant mass loss gen-
erally through stellar winds or surface eruptions (Puls et al., 2008; Smith, 2014). MWC 137
is a galactic B[e] type star with a reported variability of 1.9 d using the data of the Transiting
Exoplanet Survey Satellite (TESS; Ricker et al. 2015). The cause of this variability is unknown,
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Table 1: Luminosity (log(L/Ls)), surface temperature (7g), mass range, and
chemical composition of the considered supergiants. In the chemical composition
column, X, Y, and Z represent the hydrogen mass fraction, helium mass fraction,
and mass fraction of heavier elements, respectively.

Star Name log(L/L:;) Ter  Mass Range Chemical Composition

(K) (M5)
MWC 137 5.84 28200 30-70 X=0.70,Y=0.28,Z=0.02
MWC314 5.7 18000 25-45 X=0.70,Y =0.28,Z=0.02

however it is suspected to be resulting from pulsation (Kraus et al., 2021). MWC314 has a
galactic supergiant whose evolutionary phase is still a matter of debate (e.g., Richardson et al.,
2016; Frasca et al., 2016). Frasca et al. (2016) has concluded that MWC 314 is a binary system
with a B[e] type supergiant and an undetected companion. As reported by Richardson et al.
(2016), this binary system exhibits pulsational behaviour as seen by the Microvariability and
Oscillations of Stars (MOST) satellite (Walker et al., 2003) in two modes with periods of 0.77
and 1.42d, respectively.

In the present paper, we intend to study instabilities in models of MWC 137 and the primary
star of MWC 314. In earlier studies, it has been found that instabilities may be caused by
pulsations, surface eruptions and re-arrangement of stellar structure (Grott et al., 2005; Yadav
and Glatzel, 2016, 2017b). A comparison with observed variabilities in these two stars requires
an extensive linear stability analysis followed by non-linear numerical simulations which will
be presented elsewhere. Section?2 contains the parameters and a description of the models.
Section 3 briefly describes the acquired results, followed by a discussion and conclusion in
Sect. 4.

2. Considered Models of MWC 137 and MWC 314

To understand the origin of the variability in MWC 137 and MWC 314, we have constructed
models of MWC 137 and MWC 314 using known parameters such as luminosity, surface tem-
perature and chemical composition mentioned in Table 1. For MWC 137, the values of luminos-
ity and surface temperature are adopted from Kraus et al. (2021). In the case of MWC 314, the
values of these parameters are taken from Richardson et al. (2016) and Lobel et al. (2013).The
masses of these two stars are not precisely known. We have taken a range of mass 30 to 70 M,
for MWC 137 and 25 to 45M for MWC 314. The choice of mass range has been taken in
such a way that the earlier suggested or determined values of the mass of these stars are in the
considered range (Kraus et al., 2021; Lobel et al., 2013).

To construct the models of these two massive stars, we have integrated the standard stellar
structure equations (Kippenhahn et al., 2013) from surface up to a temperature of the order
of 107 K. We have taken the Stefan—Boltzmann law and photospheric pressure as boundary
conditions. To avoid the complications of nuclear reactions, we have limited our present study
to the envelope of these stars. In many massive O and B type stars, earlier studies have shown
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Figure 1: (a) Real and (b) imaginary parts of eigenfrequencies are plot-
ted as the function of mass in solar unit for the models of MWC 137.
Negative imaginary parts and dark magenta lines in the real parts of
eigenfrequencies are representing unstable modes.

that the instabilities are dominantly present in the envelope (e.g., Epstein, 1950; Yadav and
Glatzel, 2016, 2017a). Magnetic field and rotation have been disregarded. Schwarzschild’s
criterium is adopted for the onset of convection ad OPAL tables are used for opacity (Rogers
and Iglesias, 1992; Rogers et al., 1996; Iglesias and Rogers, 1996).

3. Results
3.1. Linear stability analysis

Linearized pulsation equations for radial perturbations form a fourth order eigenvalue prob-
lem (Baker and Kippenhahn, 1962, 1965). This system of equations are solved using the Riccati
method as described by Gautschy and Glatzel (1990). The obtained eigenfrequencies are nor-
malized with the global free fall timescale (1/R3 /3GM ; where G, M, and R are the gravitational
constant, mass, and radius, respectively). The outcomes of the linear stability analysis are pre-
sented in Figs. 1 and 2 where the real and imaginary parts of eigenfrequencies are plotted as a
function of stellar mass. Diagrams consisting of eigenfrequencies as a function of a stellar pa-
rameter (such as stellar mass or surface temperature) are known as modal diagrams (Saio et al.,
1998; Gautschy and Glatzel, 1990). In the adopted numerical scheme, negative imaginary parts
correspond to unstable modes while positive imaginary parts denote damped modes. Further
details on the interaction of modes and eigenfrequencies can be found in Gautschy and Glatzel
(1990).

For the case of MWC 137, the real and imaginary parts of the eigenfrequencies are given
as a function of mass in Fig. 1. As the eigenfrequencies are normalised by the global free fall
timescale, smaller values of the real part of the eigenfrequencies (0,) correspond to low order
modes. Three low order modes (0, < 2) are unstable in this modal diagram. One mode is
unstable in all models with a mass in the range of 30 to 70 M. We note the presence of avoided
crossings in model having mass of 60.4 M, with two modes having o, nearly equal to 1.5 and
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Figure 2: Same as Fig. 1 but for models of MWC 314. The models
under consideration have three unstable modes.

2.8, respectively. The pulsation periods associated with the unstable radial modes are in the
range of 1.1 to 3.9 d. The observed period of 1.9 d for the star MWC 137 is in this range (Kraus
et al., 2021). The modal diagram given in Fig.2 for MWC 314 shows that the models below
31M all have unstable modes. Two modes are excited in the models having mass in the range
of 25 to 31 M. The strength of the instabilities increases for models with a higher luminosity-
to-mass ratio (see Fig. 2) as for a fixed luminosity, this ratio is higher for lower mass models.
Apart from these two unstable modes, another mode is excited in models having a mass close to
25M,. For the case of MWC 314, the excited radial modes have pulsation periods in the range
of 4.5 to 12.8 d. The periods of observed variabilities (0.77 and 1.42 d) substantially differ from
these values.

3.2. Non-linear numerical simulations

Linear stability analyses have shown that all the considered models of MWC 137 are un-
stable while models below 31 M, are unstable for MWC 314. A linear stability analysis can
not predict the final amplitude of the pulsation. To find out the final fate of the unstable mod-
els, we have performed non-linear numerical simulations for selected models of MWC 137 and
MWC 314. The reader is referred to Grott et al. (2005) for the equations and numerical proce-
dures used here to follow the instability in non-linear regime.

For MWC 137, we have considered three models including the mass of 37 M. This mass
(37J_r2 M) was derived by Kraus et al. (2021). The variation in velocity associated with the
outmost grid point as a function of time for a model having mass of 37 My, and 50 M, is given
in Fig. 3. The code picks up physical instabilities from the numerical noise without any external
perturbation and saturates in the non-linear regime with a velocity amplitude of the order of
1.5 x 10" cms~! for 37M_, and 1.25 x 10’ cms~! for 50M,. In this preliminary analysis, we
note that models having a mass greater than 42 M, have a well defined saturation in the velocity
amplitude as in the case of S0 M, (see Fig. 3).

For MWC 314, models below 31 M, are found to be radially unstable in the linear stabil-
ity analysis. We have considered two models having a mass of 30 and 40 M, for non-linear
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Figure 3: Variation of the velocity associated with the outermost grid
point during the nonlinear simulation for the models of MWC 137 hav-
ing mass of 37 M, (left) and S0 M, (right).
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Figure 4: Variation of the velocity associated with the outermost grid
point during the nonlinear simulation for a model of MWC 314 having
mass of 40 M, (left) and 30 M, (right).

numerical simulation. Lobel et al. (2013) have suggested ~40 M, as the mass of the primary
star. The model of 30 Mg, is considered to examine the final fate instabilities present in unsta-
ble models of MWC 314. The velocity profile associated with the outermost grid point for two
models having mass of 30 and 40 M, for the primary star of MWC 314 is given in Fig. 4. In the
case of 40 M, we note that velocity amplitude remains of the order of numerical noise. We do
not find any physical instability for the model of 40 M, during non-linear numerical simulation
which is in agreement with the outcome of the linear stability analysis as the models of mass
greater than 31 M, are stable. The model with mass 30 M, is unstable and velocity amplitude
saturates with a value of approximately 10’ cms~! (see Fig. 4).

4. Discussion and Conclusion

We have performed linear stability analyses followed by non-linear numerical simulations
in models of MWC 137 and MWC 314. Low order radial modes are unstable in models of the
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considered supergiants. For MWC 137, excited modes have periods in the range of 1.1 to 3.9d.
Therefore the observed variability of 1.9d in MWC 137 can be explained by low order radial
modes. On the other hand, excited modes in models of MWC 314 have periods in the range
between 4.5 to 12.8 d. Hence the observed variability of MWC 314 (0.77 and 1.42d) can not
be explained by the considered radial modes. A systematic linear stability analysis followed by
extensive non-linear numerical simulations are required to find out the origin of these variabili-
ties. Follow-up observations using observational facilities within the Belgo-Indian Network for
Astronomy and Astrophysics (BINA) observational facilities can enhance our present under-
standing about these two massive stars.
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