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Heavy ALPs search

Axion-like particles (ALPs) are often a 
focus of research because they arise in 
many BSM scenario 

Focused on heavy ( ) ALPs 
coupled to a photon field; 

𝒪(keV − MeV)

ℒ ⊃ − gaγFμνF̃μνa /4

Image credit: AxionLimits



Heavy ALPs search

Axion-like particles (ALPs) are often a 
focus of research because they arise in 
many BSM scenario 

Focused on heavy ( ) ALPs 
coupled to a photon field; 

𝒪(keV − MeV)

ℒ ⊃ − gaγFμνF̃μνa /4

One of the easiest ways to produce heavy ALPs is via interactions in a hot stellar plasma
Primakoff process ( )γ + Ze → a + Ze Photon coalescence ( )2γ → a

Image credit: AxionLimits



Axion production sites

Heavy axions decay quickly 

                                 

 smaller radius of a photosphere preferred 

if , a heavy axion production rate is Boltzmann-suppressed 

                                                            

 higher plasma temperature preferred
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Axion production sites

Heavy axions decay quickly 

                                 

 smaller radius of a photosphere preferred 

if , a heavy axion production rate is Boltzmann-suppressed 

                                                            

 higher plasma temperature preferred 

• Horizontal Branch stars in Globular clusters  ( ) 
• Wolf-Rayet stars in the Quintuplet cluster ( )

τa =
64π

g2
aγm3

a
≃ 10−2 s ( 10−10 GeV−1

gaγ )
2

( 1 MeV
ma )

3

→

T ≪ ma
dNa

dt
∝ e−ma/T (ma ≫ T )

→

T ∼ 10 keV, R ∼ 10R⊙, nHB ∼ 1000
T ∼ 30 keV, R ∼ R⊙, nWR ∼ 10



Modeling stars

Stellar models are generated by MESA

Profiles of temperature etc. of HB stars (left) and WR stars (right)



Bounds on the axion-photon coupling

Compute… 
• a production rate of ALPs 
• a fraction of ALPs that decays to two  

photons outside the photosphere 
• the photon flux at the earth

Estimate the detectability by  
X-ray/ -ray telescopes 
• the SPI telescope turned out to  

be the most optimal in our case 
• bounds on  are:
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Backup slides

8



HB stars

`

Image: G.G. Raffelt, Stars as  
laboratories for fundamental physics

`

Horizontal branch stars 
•  shell +  core 

• burning  and  

• ,   

Consider two Globular clusters:

1H 4He
1H 4He

Tcore ∼ 10 keV R ∼ 10M⊙
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WR stars

`

• Wolf-Rayet (WR) stars 
• Massive + high rotational velocity 
•  shell is stripped out 

•  

• Quintuplet cluster 
• near the Galactic Center 
• has 13 WC stars 
• metallicity  

•  

•  
• Kroupa initial mass function 

1H
Tcore ≃ 20 keV, R ∼ 1 − 2R⊙

z ∈ [0.018,0.035]
μrot = 100 km/s, σrot = 140 km/s
tage ∈ [3.0,3.6] Gyr
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e.g. C. Dessert et al., 2008.03305



Metallicity dependence

`

WR star properties have its metallicity dependence: 
• left: temperature profile 
• right: luminosity of axions as a function of axion mass ( )gaγ = 10−6 GeV−1
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Photon flux at the earth
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dF̃γ = 2 ⋅
1

4πd2
GC

⋅
dN
dω

dω ⋅ fcα (ω, cα) dcα ⋅
exp [−L /la(ω)]

la(ω)
dL ⋅ Θcons. (ω, cα, L)

2 photons  
from each decay

spectral fluence of 
axions at the earth

angular distribution  
of photons

decay probability

constraints on  ω, cα, L

Possible backgrounds: 
• inverse compton 
• bremsstrahlung 
•  
• emissions from pulsars
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Telescopes

13


