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• Dark matter 
• Velocity curve of spiral galaxies
• Gravitational lensing
• Cosmic microwave background
• Structure formation

• Heavy (asymmetric) dark matter (𝑚! ≳ 100TeV)
• Not heavily explored
• Production mechanism: freeze-out with early matter-domination and 

additional dark species, ultraviolet freeze-in, phase transition, gravitational 
particle production… Summarized in 2203.06508

1701.05859



Introduction

• Stellar evolution

Credit: NASA
8



Introduction

• Stellar evolution

Neutron stars as a 
laboratory to probe dark 
matter, studied by many 
works: 
Goldman, Nussinov, 1989; 
Kouvaris, 2008; Kouvaris, 
Tinyakov, 2010, 2011; de 
Lavallaz, Fairbairn, 2010; 
McDermott et al, 2012; Bell 
et al, 2021-2022; Hamaguchi 
et al, 2022…

𝜌!"~10#$g/cm%, 𝑇~10&K
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Introduction

• Stellar evolution

White dwarves as a 
laboratory to probe dark 
matter, studied by many 
works: 
Bertone, Fairbairn, 2008; 
McCullough, Fairbairn, 2010; 
Hooper et al, 2010; 
Bramante, 2015; Amaro-
Seoane et al, 2016; 
Bramante et al, 2017; 
Graham et al, 2018…

𝜌'(~10)g/cm%, 𝑇~10*K
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Introduction

• Stellar evolution and red giants

• Abundance
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Hertzsprung-Russell diagram

Color (or equivalently, temperature)
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Main sequence, e.g. Sun
Core components: hydrogen
Energy source: hydrogen

Red giant
Core components: helium
Energy source: hydrogen shell

Horizontal branch
Core components: helium
Energy source: helium core 
and hydrogen shell

Color (or equivalently, temperature)



Introduction

• Stellar evolution and red giants

• Abundance

• Potential observables from red giant branch (RGB): 
• Helium flash and tip of RGB luminosity (almost independent of age or 

metalicity because of identical level of core degeneracy)
• Horizontal branch properties
• Black hole formation…
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Hydrogen 
burning

Main sequence

Helium 
“ash”

Red giant

Hydrogen 
shell burning

Helium 
core
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Red giant

Hydrogen 
shell burning

Helium 
core

Helium core: 
• 𝜌"#~10$g/cm%

• 𝑇~10&K
• 𝑅"#~10'km
• Degenerate
• Can be ignited if mass is large 

enough
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Dark matter 𝜒
• 𝑣.~10/%𝑐
• 𝜌0~0.1	GeV/cm%

• Expected number of scatterings 
~𝑛12𝜎𝑅+, 

• Energy lost per scattering 
~ 34!

4!
~25"#

5!

𝐸!"! < 0 ⟹ Captured



Dark matter captured in red giants
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Saturated at 
geometric 
cross section



Dark matter captured in red giants

• Ingress after capture
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Orbits completely within 
the helium core

Energy lost per scattering 

~ 34!
4!
~25"#

5!



Dark matter captured in red giants

• Thermalization
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Kinetic energy ~𝑇 = 10&K



Dark matter captured in red giants

• Thermalization
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Kinetic energy ~𝑇 = 10&K

Thermal radius 

𝑟()~
*+

',-.!"/#

Virialized within 𝑟()



Dark matter captured in red giants
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• When DM accumulate up to a certain 
mass within the thermal radius such 
that 𝜌! = 𝜌"#, self-gravitation of DM 
begins. 
• Due to virialization, DM sphere needs 

to continuously lose energy to shrink. 
• Consequently, the core is heated up if 

the diffusion of energy is slower than 
the heating. 



Ignition of helium core in red giants

• 3𝛼 process 
• Sensitive to temperature (typically 𝑇 ≳ 10-K)
• Gravity provides positive feedback for fusion → runaway reaction → helium 

flash
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Ignition of helium core in red giants

• 3𝛼 process 
• Sensitive to temperature (typically 𝑇 ≳ 10-K)
• Gravity provides positive feedback for fusion → runaway reaction → helium 

flash

• Ignition condition
• Heating rate > cooling rate (diffusion of heat)
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Trigger mass



Ignition of helium core in red giants
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Hot region: heated by DM
Cool region

Diffusion

3𝛼 process



Ignition of helium core in red giants
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Hot region: heated by DM
Cool region

Diffusion

3𝛼 process
• Heating time scale

𝑡0123~
Δ𝐸4255

̇𝑆%6
• Diffusion scale

𝑡7844~
𝛿9

𝐷 Timmes, Woosley, 1992



Ignition of helium core in red giants

T0 =0.8× 108 K

T0 =0.9× 108 K

T0 =1× 108 K
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Runaway fusion



Constraints on asymmetry dark matter
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Summary

• Dark matter
• Focus on heavy dark matter (≫ TeV)

• Red giant
• Abundant, dense, hot
• A laboratory to probe dark matter

• Capture of dark matter
• Capture, ingress, thermalization
• Self-gravity, heating and helium flash

• Trigger mass
• Heating rate > diffusion rate
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Thank you very much! 
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