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Exploding massive stars - type II core collapse supernovae

• Enriched early universe
• Supermassive stars undergo 

nuclear fusion creating heavy 
elements (like iron) in core
• When fusion stops, the core 

collapses
• Alpha elements (like magnesium) 

outside core disperse across 
universe

https://ccapp.osu.edu/events/core-collapse-supernovae-
neutrino-driven-1d-explosions-light-curves-and-spectra



Exploding white dwarfs - type Ia supernovae
• Enriched later universe
• White dwarf in binary system 

accretes mass and increases 
in temperature, allowing 
carbon / oxygen fusion into 
heavier elements
• Energy released during this 

process causes star to 
explode

https://svs.gsfc.nasa.gov/20344



APOGEE Stellar Abundances
• Data from APOGEE ASPCAP DR 17 (Abdurro’uf et al. 2022)
• Telescopes collect light and produce spectra, absorption 

lines are matched with wavelengths that correspond to 
specific elements
• This measures the stars’ outer layer abundances from a 

previous generation of supernovae
• “Fingerprint” of past generations



Abundance / Age Correlation
• Different processes enrich on 

different timescales
• New stars born from elements 

dispersed by supernovae; 
enriched by metals made from 
previous generation of stars



Determining asteroseismic ages
• Sound waves in the star cause 

oscillations that we observe
• Determine mean density à infer 

mass
• Determine surface gravity à infer 

radius
• Compare these values to theoretical 

stellar evolution models, predict age
Asteroseismic ages come from mass!

https://doi.org/10.1007/s41116-019-0020-1
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Outliers in age abundance correlation
• Some ages do not match 

surface abundance
• Outlier? Mass transfer?
• Mass transfer stars will 

have altered masses, and 
therefore altered 
asteroseismic ages
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Motivation in studying these outliers
• Past works have studied outliers like these, making cuts in 

abundance or mass:
• Focus on age outliers
• Might be remnants of mass transfer

• Select a broader group of outliers based on comparing them 
to a control group through a data driven process
• Potential limit to asteroseismic ages

Chiappini et al. 2015, Martig et al. 2015, Jofre et al. 2016, 
Jofre et al. 2023, Zhang et al. 2021 and Hekker et al. 2019



https://cosmosatyourdoorstep.com/2021/01/18/what-about-binary-systems/



Data
• 6613 stars from APOKASC 2
• [Mg/H] and [Fe/Mg] abundance ratios and other stellar 

parameters from APOGEE DR 17
• Asteroseismic ages from APOKASC 2



Our selection
• For each star, found neighbor 

with most similar elemental 
abundances
• Predicted age of each star = 

median age of its neighbors
• Outliers: difference between 

predicted age and 
asteroseismic age exceeded 
0.6 Myr
• Identified 128 outliers





Other expected characteristics of a mass transfer

• High VSCATTER - binary interaction would cause the star’s 
motion to differ from that of a single star
• UV excess - binary star systems that actively undergo mass 

transfer will be hotter and glow in the UV more 
• Other unusual abundance ratios
• Fast stellar rotation / high vsini



Summary

• Identified 128 
outliers/mass transfer 
candidates by predicting 
ages based on neighbors 
(control sample)

• Found stars for which 
abundances did not well 
predict ages


