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DM direct detection searches

XENON collaboration (PRL) 2018
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An alternative approach
Capture in compact objects

DM can accumulate in the core of
these objects in considerable

amounts
Complementary to direct detection
experiments.
e \Velocity (momentum) dependent 1. Capture
interactions.

e Sub-Gev regime
2. Annihilation
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An alternative approach

DM scatters off stellar material

> If loses enough energy it e
becomes gravitationally
bound to the star

> Accumulates and annihilates
in the centre of the star.

1. Capture

@

2. Annihilation
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White Dwarfs

Here we are using M4 WDs We assume a Maxwell
Boltzmann (MB) distribution,

py = 798 GeV /cm®

arXiv:1001.2737

fars(uy)

DM capture rate due to

scattering on ions: assuming
—— Inner structure
WDs are made of only one

element: Carbon
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DM interactions

We calculate bounds on the cutoff scale of the dimension 6 EFT Sl operators
that describe DM interactions with WD targets: Including the response function

of carbon
cut off scale = A,

> We decompose the EFT operators in the basis of non-relativistic
operators (NR)
> We then use these coefficients, and the nuclear response functions to
obtain the DM-ion scattering amplitude
—_—2 m2 ’ /
IMrp| = m—g Z Cz'NCJN Fi]gyN (Qt2r)
N N.N'ij
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DM interactions

We calculate bounds on the cutoff scale of the dimension 6 EFT Sl operators
that describe DM interactions with WD targets: Including the response function

of carbon
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Capture rate

e Assuming that the WD is optically thin to DM scattering , the capture rate

is given by
. px e fMB ux _
opt thin = 471'7' w(T’)Q ('LU)

e An absolute upper I|m|t on the capture rate arlses when we assume the
maximum capture probability: Geometric limit

1
Cgeom X
Ty

e We introduce the Star Opacity by including the optical factor in the
capture rate computation

77(73() = e
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Other considerations: Finite temperature

M, =138M., T, =10°K, tyy =11.6 Gyr
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Other considerations: Evaporation

Accreted DM accumulated in the WD core could also escape from the star: this
is the so called evaporation

e Final DM velocity greater than the local escape velocity

e we can estimate the evaporation mass Mleyap as the DM mass
for which

E(my)t, ~ 1

MOca: 2021 - June 2021 - M.E. Ramirez-Quezada
e



Other considerations: Evaporation

M, =138M., T, =10°K, tyy =11.6 Gyr
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Summary

e We have discussed DM capture in compact objects as complementary to
DD experiments.

e We have introduce M4 WDs to set constraints on DM interactions

e We have discussed the Sl dimension 6 EFT operators.

e The capture ratein

m  Optically thin limit
m  Geometric limit
m  Complete treatment (Star opacity)
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Summary

e Discussed some other considerations in this calculation:

m Temperature effects
m Dark matter evaporation

e Limits on the cut-off scale: WDs improve constraints in the Sub-GeV mass

region
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Thank you
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