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STERNENTWICKLUNG & ASTEROSEISMOLOGIE

DAS LEBEN DER STERNE
(GEBURT BIS TOD)

Bestehendes Konzept der Entwicklung von Sternen: viele offene Fragen

Ziel: Verbesserung dieses Konzepts
Schwerpunkt: Sterne in ihrer Kindheit und Jugend

LEHRE DER 
STERNSCHWINGUNGEN
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DIE ENTWICKLUNG VON STERNEN
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KINDHEIT & JUGEND VON STERNEN
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Energy source:contraction

H-core burning =
Zero-age main sequence (ZAMS)

Protostern 
eingebettet in Staub 

und Gas

Energiequelle:Kontraktion

Hertzsprung-Russell
Diagram (HRD)
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Entwicklungsweg mit 
Akkretion

“Klassischer” Entwicklungsweg
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Start von H-Brennen im Kern =
Zero-age main sequence (ZAMS)
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ξnlm(r,θ,Φ,t) = ξnl(r)Ylm(θ,Φ)e-iωnlmt
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radial

nicht-radial

ξnlm(r,θ,Φ,t) = ξnl(r)Ylm(θ,Φ)e-iωnlmt
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STERNSCHWINGUNGEN
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ξnlm(r,θ,Φ,t) = ξnl(r)Ylm(θ,Φ)e-iωnlmt

Messdaten von Satelliten
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STERNE ALS MUSIKINSTRUMENTE
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‣  Frequenz 
‣  Amplitude 
‣  Phase

‣ Art der Schwingung =  das “Musikinstrument“
‣ Innerer Aufbau der Sterne (Dichte, Druck, 

Chemische Zusammensetzung, etc.)

Hoher Ton

Tiefer Ton
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Thema der Bachelorarbeit:


“Asteroseismic analysis of seven pulsating young 
stars in the Cepheus flare star forming region”

Quelle: NASA/JPL-Caltech
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DIE 7 PULSIERENDEN STERNE
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Anregungsmechanismus 
★ “Heat engine” Mechanismus

ConvectionRückstellkräfte 
★ Druck: 

acoustic (p-)modes

★ Auftrieb: 

gravity (g-)modes

p-modes: Schallwellen

g-modes: Wasserwellen
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DIE 7 PULSIERENDEN STERNE
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Anregungsmechanismus 
★ “Heat engine” Mechanismus

Convection

p-modes: Schallwellen

g-modes: Wasserwellen

3.4 Notable Cases

3.4.1 SPB Candidate

Among the periodic sources identified in the Cepheus Flare sample, one object exhibits clear
signatures of gravity-mode (g-mode) pulsations characteristic of ω Doradus or Slowly Pulsating
B-type (SPB) stars. The target HD 211319 (TIC 323403590), located near the upper main
sequence in the CMD (Fig. 13), has an e!ective temperature of Te! = 12,534 K and log g = 3.76
(Gaia Archive), consistent with an SPB star in the pre-main-sequence or very young main-
sequence phase. Its location in the Cepheus Flare star forming region, position in the HR
diagram and its multiperiodic, low-amplitude variability make it a promising candidate for a
young SPB pulsator.

Figure 16: TESS light curve of the SPB candidate (top) with Fourier model fit overlaid in red
and corresponding residuals (bottom). The residuals reveal additional unresolved frequencies.

This star was not included in the initial candidate list due to its high Gaia RUWE value of
8.5, which indicates a poor single-star astrometric fit, possibly caused by binarity, crowding,
or extended circumstellar emission. Nevertheless, its distance and kinematic properties match
those of the Cepheus Flare star-forming region, suggesting physical association despite the
elevated astrometric residuals. The case highlights the potential for RUWE-based selection to
exclude genuine young stellar objects in regions of complex background structure.

The TESS light curve (Fig. 16) was analyzed using Fourier frequency fitting to identify the
dominant oscillation frequencies. Residuals after subtraction of found frequencies reveal unre-
solved power excesses, consistent with additional unresolved frequencies. The corresponding
amplitude spectrum (Fig. 17, panel a) shows a dominant frequency at fdom = 2.508 d→1. A
g-mode period-spacing pattern derived from these frequencies is shown in panel b. Aerts et
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Figure 23: Short-cadence PDCSAP data for TIC 422454176 confirm persistent high-frequency
power up to → 55 d→1.

TIC 2023673296 & TIC 2023673297 (BD+72 1014 A/B) As the A and B component
have similar e!ective temperatures (i.e., 7076 K and 7200 K, respectively), both could be the
source of the pulsations. The frequency analysis of the combined light curve of both stars
shows multiple frequencies between 30 and 65 d→1 (see Fig. 24). This makes BD+72 1014 A/B
an excellent case for further asteroseismic studies investigating the presence of tidally induced
or perturbed pulsations similar to RS Cha [39]. Such an analysis will be subject to future work.

Figure 24: Light curve and amplitude spectrum of TIC 2023673296 (BD+72 1014B). This
figure is representative of TIC 2023673297 (BD+72 1014A), as these two targets fall on the
same TESS pixels. Multiple high-frequency modes typical of ω Sct-type pulsations are evident.

All found pulsators are summarized in Table 2. Magnitudes listed stem from Gaia EDR3
(Gmag) and TESS (Tmag). Spectral types and stellar parameters were obtained from SIMBAD

or Gaia DR3 unless stated otherwise. BD+68 1118 was classified by Kun et al. [11]. Frequency
ranges correspond to dominant clusters of significant peaks in the amplitude spectra (Sect. 3.4).
The sample includes one young SPB candidate (HD 211319), characterized by low-frequency
g-mode pulsations, and seven hotter p-mode pulsators showing frequencies consistent with ω
Sct–types. The frequency ranges correspond to the dominant peaks in the amplitude spec-
tra derived from the TESS light curves (Figs. 18–24). Together, these stars trace early-stage
pulsational instability among young stars in the Cepheus Flare. The combined analysis of g-
mode and p-mode candidates in the Cepheus Flare region reveals a diverse population of young
pulsating stars spanning the full intermediate-mass range. The SPB candidate identified in
Section 3.4.1 provides evidence of gravito-inertial mode excitation near the pre-main-sequence
stage, while the p-mode pulsators described above occupy the hotter end of the ω Scuti insta-
bility strip. Together, they trace the onset of coherent stellar oscillations as intermediate-mass
protostars contract toward the main sequence. This variety in mode excitation and frequency
content—ranging from slow g-modes probing near-core rotation to high-frequency p-modes
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Beispiel: p-moden Pulsierender

Beispiel: g-moden Pulsierender
Rückstellkräfte 
★ Druck: 

acoustic (p-)modes

★ Auftrieb: 

gravity (g-)modes
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INHALT DER ARBEIT

✦ Analyse von 7 jungen Sternen in der Cepheus Flare Sternentstehungsregion 

- p- und g-moden Pulsationen

- Daten von NASA Weltraumteleskop TESS

✦ Interpretation der Pulsationsfrequenzen im Zusammenhang mit früher 
Sternentwicklung

✦ Beschreibung der Lage der Sterne im Hertzsprung Russell Diagramm
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