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Open questions in massive stars

How do massive stars form?

Disk accretion

Binary Mergers

Langer (2024)

How do massive stars evolve and 
end their lives?

    Implications for
● Determination of Stellar Parameters

● Angular Momentum Distributions

● Large-scale Magnetic Fields

● Binary Fraction

● Chemical Mixing

● Stellar wind Structure

● Time-dependent events

Meynet (2004),  Smith (2014)
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Some Open Questions in B Supergiants

● Stellar Wind Structure  and Variability

● Model non-uniqueness. The same observational 
constraints can be reproduced by different wind 
prescriptions  Venero et al (2024)
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Some Open Questions in B Supergiants

● Stellar Wind Structure  and Variability

● Model non-uniqueness. The same observational 
constraints can be reproduced by different wind 
prescriptions  Venero et al (2024)

● The interplay between pulsations and stellar winds 
(Simón-Díaz et al. 2010, Kraus et al. 2015, Cidale et al. 
2023) 
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Some Open Questions in B Supergiants

● Stellar Wind Structure  and Variability

● Model non-uniqueness. The same observational 
constraints can be reproduced by different wind 
prescriptions  Venero et al (2024)

● The interplay between pulsations and stellar winds 
(Simón-Díaz et al. 2010, Kraus et al. 2015, Cidale et al. 
2023) 

● High Velocity absorption features - NAC, DAC, HVA
              (Prinja et al. 2002, Olga Maryeva next talk)

● Stellar Mass Discrepancy and Evolutionary Stages
 log gevol > log gsp               Herrero et al. (1992),   Crowther et al. (2006)            
                                          Searle et al. (2008), Markova et al. (2018)
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Stellar wind structure

Mass continuity equation

Momentum Equation

CAK Theory - Castor, Abbott & Klein (1975), Abbott 
(1982
M-CAK Theory - Pauldrach et al (1986), Friend & 
Abbot (1986)   
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Radiation Driven Winds

Fast regime for δ < 0.2;  Ω < 0.7
m-CAK theory; 
Ω-slow solution,  Ω > 0.7   Curé (2004) 
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Radiation Driven Winds

Fast regime for δ < 0.2;  Ω < 0.7
m-CAK theory; 
Ω-slow solution,  Ω > 0.7   Curé (2004) 

β ~ 2 - 3

e.g., Crowther et al. (2006), 
Searle (2008), Markova & Puls 
(2008), Haucke et al.(2018)
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Radiation Driven Winds

Fast regime for δ < 0.2;  Ω < 0.7
δ-Slow regime 0.24 < δ
Curé et al. (2011);  Venero et al. (2016)

Fast regime for δ < 0.2;  Ω < 0.7
m-CAK theory; 
Ω-slow solution,  Ω > 0.7   Curé (2004) 
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        Line-profile fittings with different wind regimes
     Comparable quality of the fits 

Venero et al. (2024)

Fast regime
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        Line-profile fittings with different wind regimes
     Comparable quality of the fits 

Venero et al. (2024)

Fast regime δ-Slow regime
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        Line-profile fittings with different wind regimes
     Comparable quality of the fits 

Venero et al. (2024) Haucke et al.(2018)

Fast regime δ-Slow regime β-Law



 13

Comparision of stellar wind regimes
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IR line-profile fittings with the β velocity law
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Time-dependent line-driven winds

Zeus code
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Terminal velocities and Mass-loss rates
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Questions for discussion

● Why can different wind models provide similarly good fits to the same observational data, even when a 
larger sample of spectral lines is included?

● What are the implications of this model degeneracy for the derived wind parameters?

● How can we address or reduce the non-uniqueness of wind models?

● Are there any other invariants?

● What are the implications of model degeneracy when studying wind variability?
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55 Cyg – Wind Variability    

The mass loss changes by a factor of 2, could be 
conected with a strange mode pulsation of 22.5 
days (Kraus et al. 2015, Cidale et al. 2023)

Yadav & Glatzel (2016)
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2. Variability of blue supergiants - learning potentials

Opacity-driven oscillations due to 
variations in the opacity of gas at 
different zones of the envelope.

Strange-mode oscillations due to 
instabilities in the envelope, emerging when 
the luminosity-to-mass ratio rises.

Rotational modulation attributed to surface spots 
and/or dense components formed within the stellar 
wind.

Stochastic low-frequency variability 
(“red noise”) attributed to
- core convection
- sub-surface convection
- wind instabillities.

Bowman et al. 2020

Slowly Pulsating B (SPB) star KIC 3459297
Aerts et al. 2018

ρ Leo (B1Iab)

Krticka & Feldmeier 2021

Hα line variations

Saio et al. 2013
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An ongoing TESS - CASLEO synergy (2026/27)
ir/semi-regular variables

Eclipsing binaries

Spectroscopic epochs (2026; vertical lines) 
over TESS data for four sample BSGs.

Observational log for our sample stars 
studied with the REOSC/JS (period Feb-
May 2026).

- We compiled a list of southern BSGs (B0–B9I/II) with available TESS 
photometry and grouped them according to their variability profile: 

a) irregular/semiregular variables and, b) BSGs with periodic drops 
suggestive of binarity. We selected ~50 objects with scheduled TESS 
observations during 2026A.

- We conducted synchronous spectroscopy of the sample stars with the 
REOSC echelle spectrograph (3600 – 7800 A, R~13,000) mounted at the 2-
m Jorge Sahade (JS) telescope, CASLEO, Argentina.

- Our aims are to explore the  connection between the variable winds and the 
stellar oscillations, and to derive the fundamental parameters through binary 
modeling.

- Observations for 2027A are currently being planned.
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A proposed synergy with PLATO/F-CAM

PLATO/F-CAM color as function 
of mass-loss rate for an early-B 
low-logg star. Synthetic Hα 
models were generated with 
CMFGEN. Errorbar shows a 5-σ 
representative noise level taken 
from PLATO simulations.

Hα-line variability of a B2I star based 
on mod-res spectroscopy, integrated 
over blue F-CAM passband (black) and 
over TESS broad filter (green).

Two-band simulations in V (green) and I (red) for 
a close binary system of similar late-B 
supergiants (PHOEBE 2). Solid lines include 
reflection effect, and dashed lines further 
account for gravity darkening.

A similar synergy with PLATO/F-CAM offers 
clear advantages over TESS in
● separating wind-related variability  from 

common-mode photospheric pulsations,

● resolving peak-to-peak variability with higher 
S/N in the wind-sensitive blue passband (fig. 
below),

● resolving variability corresponding to modest 
changes in the theoretical mass-loss rate 
(left fig.),

● constraining the interpretation of the red-
noise component.

Photometry with PLATO/F-CAM helps 
binary modeling by 
● constraining wavelength-dependent 

effects such as limb and gravity 
darkening,

● distinguishing orbital/geometric 
modulation, such as, ellipsoidal 
variability, from temperature-dependent 
effects such as, irradiation/reflection,

● cross-validating the photometric 
solution against spectroscopic effective 
temperatures.
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BRAHMS & collaborative potential - Discussion

During the BRAHMS meeting, and beyond, we would be happy to discuss suggestions for our synergistic BSG study 
and welcome collaborations in areas such as:

● the extraction, processing, and systematics correction of the latest TESS data (sectors 99-102),

● binary modeling of the obtained spectroscopy,

● modeling of the TESS light curves using methods beyond the traditional Lomb-Scargle and Wavelet-Z transform 
analyses,

● modeling of the physical mechanisms shaping the light curves (e.g., rotational modulation),

● co-planning of the 2027A observing run, including suggestions of BSGs and binaries, for synchronous monitoring 
with TESS (Sectors 113-116; Feb to early May 2027),

● co-planning observations of these objects with facilities beyond JS/CASLEO,

● preparation  for the next PLATO Guest Observer call expected in 2028 (for observations of the northern, LOPN1, 
field starting from 1/1/2029).
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3. The mass discrepancy problem 
O-type stars 

No evidence of mass discrepancy 

(e.g. Weidner & Vink 2010; Massey et al. 2013).

● Confirmation of mass discrepancy in late-O type 
stars (Markova & Puls 2018)

Msp  <  Mevol 

Msp   = Mevol

Msp   > Mevol     

Msp < 30 Mo  are sistematicaly smaller.
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B stars in open clusters
● log g values, ranging from 4.5 to 2.7 dex, reveal discrepancies compare 

with log gevol   (Aidelman et al., 2012).

stars with  M < 12 Mo  and  R <  12 Ro  →    log gevol > log g (λ1, D), 

stars with  M >  20 Mo and  R >  40 Ro   →   log gevol <  log g (λ1, D). 

The log g (λ1, D) calibration was established using 
log g values from stellar atmosphere models, 
mainly Balmer lines (Zorec et al 2009).

A similar systematic desviation was found in A-type stars 
Gerbaldi & Zorec (1993)
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B stars in transition phases

● Stars in transition phases

(Herbig Ae/B[e], B[e],  LBV)

● BCD spectrophotometric method

● Msp < Mevol   for  Mevol > 15 Mo

● Stars in transition phases

(Herbig Ae/B[e], B[e],  LBV)

● BCD spectrophotometric method

● Msp < Mevol   for  Mevol > 15 Mo

 Aidelman el al. (2023)
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3. Stellar masses and evolutionary stages

● Stellar pulsations can provide valuable information about masses and evolutionary 

stages.

● We analyzed TESS light curves of six blue supergiants with high luminosity-to-mass 

ratios (log L/M > 4), candidates to present radial unstable strange modes. 

OBJECTIVES

● Derive asteroseimologic stellar masses
● Compare them with those obtained from spectroscopic and evolutionary models  
● Assess the evolutionary stage of the stars.
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Sample of B supergiants
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Period search - Time frequency methods 

● Generalized Lomb-Scargle (GLS) periodogram is based on least-
squares fitting of sinusoidal functions, related to the Discrete Fourier 
Transform. 

An iterative pre-whitening process was applied to achieve precision 
in identifying significant frequencies. A threshold of S/N ≥ 4 was 
adopted.

● The Weighted Wavelet Z-transform (WWZ) uses a weighted 
projection of the Morlet wavelet to detect periodic or quasi-periodic 
signals without detrending.  

The scalogram is a time–frequency map obtained by sliding a 
Gaussian window across the data, fitting local sinusoids at each 
frequency, and recording the corresponding WWZ power. 
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The linear non-adiabatic pulsation model

Hydrostatic Model

Mass conservation, 
Hydrostatic equilibrium

Energy transport
OPAL opacity sources

 Initial Value Problem 

Conditions at the photosphere,
 Prescribed parameters:

Fixed luminosity  and  Teff

Linear non-adiabatic stability analysis

Radial perturbations
Perturbation equations

Boundary conditions

Eigenfrequencies – Strange modes

Damping (positive imaginary  part),
 Growing and Instability (negative 

imaginary part)
Gautschy, A. & Glatzel, W. 1990
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Comparing stellar masses
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Some Insights

● The results highlight the potential of asteroseismology as a complementary tool for 
constraining the evolutionary stages of BSGs.

● The mass discrepancies found for some objects indicate that additional observational 
and theoretical efforts are required.

● Stars with similar frequency patterns can have different masses.
● How can we combine spectroscopy, photometry, asteroseismology, and 

hydrodynamical/evolutionary models to obtain a more consistent picture of massive 
stars?

● We invite the community to join a coordinated follow-up campaign of BSGs, combining 
ground-based spectroscopy with TESS and the future PLATO observations.
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