
Advancing globular cluster constraints on 
the axion -photon coupling

Lepton Photon 2023

JCAP 10 (2022) 096, arXiv:2207.03102

Matthew Dolan, Frederick Hiskens , Raymond Volkas

https://arxiv.org/abs/2207.03102


Advancing globular cluster constraints on 
the axion -photon coupling

Part One



Advancing globular cluster constraints on 
the axion -photon coupling

Part One



Advancing globular cluster constraints on 
the axion -photon coupling

Part Two



Axions & stellar constraints

1Advancingglobular cluster constraints on the axion-photon coupling



ÅAxions are well-motivated extensions to the Standard Model of particle 
physics

Axions & stellar constraints

1Advancingglobular cluster constraints on the axion-photon coupling



ÅAxions are well-motivated extensions to the Standard Model of particle 
physics

Axions & stellar constraints

1Advancingglobular cluster constraints on the axion-photon coupling

Strong CP 
problem



ÅAxions are well-motivated extensions to the Standard Model of particle 
physics

Axions & stellar constraints

1Advancingglobular cluster constraints on the axion-photon coupling

Strong CP 
problem

DM
candidate



ÅAxions are well-motivated extensions to the Standard Model of particle 
physics

ÅExperimental, phenomenological and theoretical interest in axions has 
exploded over the last decade ςe.g. in their coupling to photons

Axions & stellar constraints

1Advancingglobular cluster constraints on the axion-photon coupling

cajohare / AxionLimits

Strong CP 
problem

DM
candidate

https://github.com/cajohare/AxionLimits


ÅAxions are well-motivated extensions to the Standard Model of particle 
physics

ÅExperimental, phenomenological and theoretical interest in axions has 
exploded over the last decade ςe.g. in their coupling to photons

ÅAmongst the oldest of the present limits are the stellar cooling constraints

Axions & stellar constraints

1Advancingglobular cluster constraints on the axion-photon coupling

cajohare / AxionLimits

Strong CP 
problem

DM
candidate

https://github.com/cajohare/AxionLimits


Axions & stellar constraints

1Advancingglobular cluster constraints on the axion-photon coupling

cajohare / AxionLimits

Strong CP 
problem

DM
candidate

Axions can drain 
energy from stars

ÅAxions are well-motivated extensions to the Standard Model of particle 
physics

ÅExperimental, phenomenological and theoretical interest in axions has 
exploded over the last decade ςe.g. in their coupling to photons

ÅAmongst the oldest of the present limits are the stellar cooling constraints

https://github.com/cajohare/AxionLimits


Axions & stellar constraints

1Advancingglobular cluster constraints on the axion-photon coupling

cajohare / AxionLimits

Strong CP 
problem

DM
candidate

Axions can drain 
energy from stars

Accelerates 
progression of 

nuclear-burning 
evolutionary phase

ÅAxions are well-motivated extensions to the Standard Model of particle 
physics

ÅExperimental, phenomenological and theoretical interest in axions has 
exploded over the last decade ςe.g. in their coupling to photons

ÅAmongst the oldest of the present limits are the stellar cooling constraints

https://github.com/cajohare/AxionLimits


Axions & stellar constraints

1Advancingglobular cluster constraints on the axion-photon coupling

cajohare / AxionLimits

Strong CP 
problem

DM
candidate

Axions can drain 
energy from stars

Accelerates 
progression of 

nuclear-burning 
evolutionary phase

Tension 
between theory 
and observation

ÅAxions are well-motivated extensions to the Standard Model of particle 
physics

ÅExperimental, phenomenological and theoretical interest in axions has 
exploded over the last decade ςe.g. in their coupling to photons

ÅAmongst the oldest of the present limits are the stellar cooling constraints

https://github.com/cajohare/AxionLimits


Axions & stellar constraints

1Advancingglobular cluster constraints on the axion-photon coupling

Strong CP 
problem

DM
candidate

cajohare / AxionLimits

Axions can drain 
energy from stars

Accelerates 
progression of 

nuclear-burning 
evolutionary phase

Tension 
between theory 
and observation

ÅAxions are well-motivated extensions to the Standard Model of particle 
physics

ÅExperimental, phenomenological and theoretical interest in axions has 
exploded over the last decade ςe.g. in their coupling to photons

ÅAmongst the oldest of the present limits are the stellar cooling constraints

https://github.com/cajohare/AxionLimits


Axions & stellar constraints

1Advancingglobular cluster constraints on the axion-photon coupling

Strong CP 
problem

DM
candidate

cajohare / AxionLimits

Axions can drain 
energy from stars

Accelerates 
progression of 

nuclear-burning 
evolutionary phase

Tension 
between theory 
and observation

ÅAxions are well-motivated extensions to the Standard Model of particle 
physics

ÅExperimental, phenomenological and theoretical interest in axions has 
exploded over the last decade ςe.g. in their coupling to photons
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Before continuing we must first take a detour through the evolutionary 
ǇǊƻƎǊŜǎǎƛƻƴ ƻŦ ƭƻǿ Ƴŀǎǎ ǎǘŀǊǎΧ

https://github.com/cajohare/AxionLimits
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4

Example scheme: standard overshoot
Å Time-dependent diffusive process
Å Diffusion coefficients decrease exponentially with distance from the 

convective boundary
Å Scale of exponential decrease set by free parameter Ὢ

ÅSource of stochastic variation in predictions of Ὑςexamine in MESA

ÅChoice of Ὢ systematically shifts Ὑ

ÅCan only constrain when entire range falls below 95% CL

ÅWhich value of Ὢ do we take?
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