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• Stellar astrophysics provides a rich test bed for BSM physics
• Stars act like low energy (order of keV at the core) high luminosity 

colliders 
• A good candidate are axion-like particles. Axion production is 

through the Primakoff process. 

Arthur Choplin , Alain Coc , Georges Meynet , 

Keith A. Olive et. al. arXiv:1707.01244v1

G.G. Raffelt and D.S.P. Dearborn, PhysRevD.36.2211

g10= 10-10 GeV-1

BSM Cooling in Stars



• Any star can produce axions, but not every 
evolutionary stage is strongly affected

• Cepheids and horizontal branch stars provide 
excellent candidates since their evolution are 
sensitive to energy loss 

• We used MESA (Modular Experiments for Stellar 
Astrophysics) to model our stars

• Use Convective Overshoot of 0.1 throughout the 
work

• H core Burning – main sequence stage
• RGB – Red Giant Branch Stage
• Blue loop -First past through instability strip 

• Happens during He core burning
• Blue loop - rightward movement back  
• AGB - Asymptotic giant branch stage

Introduction to Cepheids

8 𝑀⊙ nonrotating model with solar composition 
no convective overshoot

S. Ekström et. al. (2012)
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• S Mus  - ( 6.0 ± 0.4) 𝑀⊙ classical Cepheid 
variable located in the constellation Musca

• Mirror Effect – An increase in core size 
leads to a decrease in star radius 



h= 1 →  Φc = 𝑀𝐶

𝑅𝐶

• Core Potential – A surface potential of 
the core dependent on composition and 
properties of the core and shell
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g10= 0.835 GeV-1 for 9 𝑀⊙

• Convective overshoot has a noticeable effect on changing the constraint 



g10= 0.835  GeV-1  for 9 𝑀⊙

• Observations of higher masses is necessary to increase coupling 
constrains 

• Better astrophysical constraints on the modeling side – overshoot

• Heavier Cepheids have been observed but mass is inferred from stellar 
modeling instead of through dynamical mass determination



Summary and Future Work
• Axion-like particles can be produced in large quantities in stars and 

effect their evolution. 
• This is shown through evolution of the core potential and the mirror effect 

• Dynamical mass determination of heavier Cepheids can lead to 
greater constraints on the axion-photon coupling and push new 
bounds.
•  For example, the comparison between g10 = 2.0 GeV-1 for 6 𝑀⊙ vs. g10 = 

0.835 GeV-1 for 9 𝑀⊙ model

• On going work includes millicharged particle production inside 
Cepheids and BSM effects on the period-luminosity relationship.



Thank you 



Comments about overshoot



Emission Rate vs Enclosed Mass



S Mus 



Δ𝑋 & Δ𝑚

h = e-c Δ𝑋Δ𝑚



Energy Loss Equations



Future Projects
MilliCharge Particles 



Future Projects
Pulsation with BSM physics
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