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The Life of
Sun-like Stars

Main Sequence
↓

Red Giant Branch
↓

Planetary Nebula
(+ White Dwarf)

Image Credit: 
ESO/S. Steinhöfel



The Red Giant Branch (RGB)

Image Credits: ESO (↑) / Roen Kelly (→)



How do we 
know that?

● Mass 
Conservation

● Hydrostatic 
Equilibrium

● Energy 
Generation

● Energy 
Transport

● Chemical 
Evolution Kippenhahn et al. (2013)

https://ui.adsabs.harvard.edu/abs/2013sse..book.....K/abstract


How do we test that?
→ APOKASC-3 Catalog!

Image Credits: Sloan 
Foundation (←) / NASA, 
ESA, CSA, and STScI (↑)

Pinsonneault et al. (2025)

https://ui.adsabs.harvard.edu/abs/2025ApJS..276...69P/abstract


Astero-
seismology

Two figures of 
merit:
Frequency of the 
maximum power  
– νmax
Large-frequency 
spacing – Δν

Chaplin & Miglio 
(2013)

https://ui.adsabs.harvard.edu/abs/2013ARA%26A..51..353C/abstract
https://ui.adsabs.harvard.edu/abs/2013ARA%26A..51..353C/abstract


Spectroscopy

● (Effective) 
Temperature

● (Surface) 
Chemical 
Composition

● (Surface) 
Gravity

● Atmospheric 
Microturbule
nce

Image Credit: N.A. Sharp/KPNO/NOIRLab/NSO/NSF/AURA



Carbon–Nitrogen–
Oxygen (CNO) Cycle

Image Credits: RJHall & Manlleus (Left) / Borb (Right)



The First Dredge-Up (FDU)

Image Credits: ESO (↑) / Roen Kelly (→)



FDU: Theoretical Predictions Slight dependence on metallicity
Significant dependence on mass
Cao & Pinsonneault (2025a)

https://ui.adsabs.harvard.edu/abs/2025arXiv250114867C/abstract


FDU: Comparison
 with Data

Significant 
zero-point 
offset: ~0.16

Robust to 
physics models

Observational 
systematics?

Cao & Pinsonneault (2025a)

https://ui.adsabs.harvard.edu/abs/2025arXiv250114867C/abstract


FDU: Super-Nyquist 
Sample Liagre et al. (2025)

log g < ~3.2:
APOKASC-3

log g > ~3.2:
super-Nyquist  
sample

Color-coding: 
mass (1.2 to 1.4)

https://ui.adsabs.harvard.edu/abs/2025arXiv250815654L/abstract


The Red Giant Branch
Bump (RGBB)

Image Credits: ESO (↑) / Roen Kelly (→)



RGBB: Observational Data

↑: Cao & Pinsonneault (2025a)
→: Pinsonneault et al. (2025)

https://ui.adsabs.harvard.edu/abs/2025arXiv250114867C/abstract
https://ui.adsabs.harvard.edu/abs/2025ApJS..276...69P/abstract


RGBB: Theoretical Predictions
Dependence on both mass 
and metallicity
Cao & Pinsonneault (2025a)

https://ui.adsabs.harvard.edu/abs/2025arXiv250114867C/abstract


RGBB: Stacking Analysis
Left: Detrending by fitting
Right: Detrending by theory
Cao & Pinsonneault (2025a)

https://ui.adsabs.harvard.edu/abs/2025arXiv250114867C/abstract


Envelope 
Undershooting?

A type of 
convective 
overshooting.

→: Mirror Lake at 
The Ohio State 
University

October 23, 2023



Lithium Depletion

Data from APO-K2

Fractions of Li detections
Upper left: 16/176 = 9.09%
Middle left: 21/87 = 24.14%
Lower left: 21/43 = 48.84%

Right: Other mechanisms?

Cao & Pinsonneault (2025a)

https://ui.adsabs.harvard.edu/abs/2025arXiv250114867C/abstract


Luminous Giants
(Upper RGB Stars)

Image Credits: ESO (↑) / Roen Kelly (→)



Luminous 
Giants

… can be seen 
from great 
distances.

Roberts et al. 
(2025)

https://ui.adsabs.harvard.edu/abs/2025arXiv250925321R/abstract
https://ui.adsabs.harvard.edu/abs/2025arXiv250925321R/abstract


New Correction 
Scheme

Dual reduction in 
systematics:
Consistency 
between methods
Agreement with 
vertical lines 
(medians)

Cao & Pinsonneault 
(2025b)

https://ui.adsabs.harvard.edu/abs/2025ApJ...990L..26C/abstract
https://ui.adsabs.harvard.edu/abs/2025ApJ...990L..26C/abstract


Future Prospects

Image Credits: ESO (↑) / Roen Kelly (→)



The Yale Rotating Evolution Code



The Yale Rotating Evolution Code









Roman Astero-
seismology

Larger number of 
oscillating red giants

In the Galactic Bulge 
and Galactic Center 
fields

Huber et al. (2023)
Weiss et al. (2025)

https://ui.adsabs.harvard.edu/abs/2023arXiv230703237H/abstract
https://ui.adsabs.harvard.edu/abs/2025ApJ...987..181W/abstract


roman-hlis-cosmology.caltech.edu

github.com/Roman-HLIS-Cosmology-PIT

Forecasts for
Weak Lensing Cosmology

with Nancy Grace Roman Space Telescope
Presenter: Kaili Cao (The Ohio State University) 

28th International Conference on Particle Physics and Cosmology (COSMO-25), October 13, 2025
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you


