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Alternatives to DD experiments:
DM capture in stars




White dwarfs

* WDs are the final state of stars with masses below
M, ~ 8M, — 10M after collapsing gravitationally.

* Most WDs are thought to be composed ot carbon (C) and
oxygen (O) and possesses an atmosphere either H or He-
dominanted.

* There 1s no fusion: the only support against gravitational
collapse 1s the electron degeneracy pressure

Different WD configurations can be obtained:
Given EOS + Tolman-Oppenheimer-Volkott (TOV)




White dwarfs in M4

the centre of Messier 4 (M4)
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Capture rate formalism: ions
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DM-ion scattering cross section

For very heavy mediators, the DM particle interactions are described by EFT operators parametrised by the
mass scale A
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_— We introduced the nuclear response function
X x| 1A; for carbon—12
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M, =1.38M o M, =138Mg, T, = 10°K, tyy =11.6Gyr
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e Observed luminosity of the faintest WD 1in M4: Assumed to be composed of Carbon-12

 Assuming DM capture and annihilation processes are 1n equilibrium, the star luminosity due to DM 1s

L,=m,C (m)()

e We compare the WD observed luminosity L, to L,

e L, should be at least equal to the luminosity from DM contribution.
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It DM i1s presented in M4
p, =198 GeVcm™ for a contracted NFW profile

M4 WD DD
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Light mediatol

It the interaction 1s mediated by a light scalar
particle, the EFT assumption no longer holds.
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The mass interval at which the threshold cross-section 1s

sensitive to the scalar mass is O.()Sm)( <my <m,
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Summary

® we studied DM 1nteractions with nucler induced described by EFT operators as well as by a light
mediator

W For light mediators, the threshold cross-section

o varies according to the scalar light mediator mass and coupling when m1, < m,

o becomes constant for all masses m > mn,

o 1t becomes independent of the light mediator mass - only varies accordingly to the DM
mass m)( > > m¢

mUsing WDs from the globular cluster M4, we set limits on these interactions accounting for interactions
described by EFT operators as well as for light scalar mediators (72, = 1 MeV and m, = 10 MeV).

Constraints, from white dwarfs on DM interactions, complement those from direct detection
experiments.




