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Modeling classical Cepheids with MESA

e MESA (Modules for Experiments in

Stellar Astrophysics)

@ Evolutionary tracks of classical Cepheids

light curve evolution of model 1891 of ID 24

@ MESA-RSP: non-linear stellar pulsation -
IIznle (M/M® = 7.0, Z = 0.008, Y = 0.2624, X = 0.7296) _ 58
3 5.
g8 K
3 i
~ 40 (S
i 3 5
8o
SE
35 o 2 4 8 16 12 1 15
H stellar age [yrs]
30
a5 a3 a1 39 37 35
log Terr [K]
Livia Blanka Bardny A search for strange modes in non-linear Cepheid models November 6, 2026

2/10



Background and motivation

Stranger Things: A Grid-based Survey of Strange Modes in Post-Main

@ What are strange modes? ‘ Seq
Unusual, surface-localized high-overtone pulsations
in post-main-sequence stars. Occurrence in
Cepheids: the 5th to 9th radial overtones, with
periods: 0.6 - 6 days.

@ Previous work: theoretical instability strip of
strange modes with linear non-adiabatic (LNA)
stability analysis.

@ The limitation: linear models can identify if a
mode is unstable, but can't predict amplitudes, or
determine the outcome of mode selection
(Tarczay-Nehéz et al. 2026).
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Research Objectives

Goal: to bridge the gap between theoretical models and observable reality with non-linear

models.

@ Determine the actual amplitudes and periods of the strange mode pulsations.

@ Investigate which of the linearly unstable overtones actually survive and develop into
steady pulsations.

@ Map the resulting instability "islands” on the Hertzsprung-Russell diagram and compare
them with stellar evolutionary tracks to filter out non-physical models.
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Strange modes on the HRD
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The simulation grid

Successful MESA RSP models (Z = 0.0118, group 2)

Initial grid
= M=59M,
= M=6.6Mo
- . . . M=73M,

e Software: MESA RSP (Radial Stellar Mg el i Moo
Pulsation) b

o Parameter space: a grid of 100,000
models, with masses ranging from 2.5 to

15.5 M and metallicities between
Z = 0.0015 and 0.020. )

logio (L/Lo)
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Data processing

@ Sorting algorithm in
Python
@ Stable (Case 1)
@ Decaying (Case 2)
© Growing (Case 3)
@ Other (Case 4)
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Results: classification
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Results: comparison
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with MIST and blue loop tracks
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Future steps

o Light curve analysis: calculate exact pulsation amplitudes and periods from the filtered
non-linear model light curves.

@ Observational comparison: compare model results with observational data from SMC
and LMC Cepheids. = Gaia DR4.

o Software development: implement and refine my custom algorithm.

o TDK thesis & publication: Summarize the results in an upcoming TDK research paper,
with the ultimate goal of submitting a major article.
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