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1. Introduction

- Various astrophysical observations can not be

explained without the presence of a non-detected
form of matter (dark matter).

- Axions and Axion-Like Particles (ALPs) are well-
motivated candidates for dark matter.
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- Axions and gluon-coupled ALPs present the

coupling
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- At low energies, this coupling produces a
potential for ALPs that gets modified by nucleon

densities \
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- For small values of the field ( f, > ¢ ) the
effective Lagrangian for ALPs reads
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Interesting phenomenology!

[Hees et al. 2018,
Balkin et al. 2022,
Banerjee et al. 2023,
Bauer et al. 2024]

Nucleon densities modify the ALP's field distribution.



2. Modification of direct detection
sensitivities
- Some experiments aim for interactions that are

proportional to the field (e.g. CASPEr-Electric
(90NowsNE ) of BREAD ( g, 08,,7)).

- Sensitivity estimates with ¢o too naive! = Earth
affects! ~ Should be done with ¢(a) .
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- Other experiments aim for interactions that are

proportional to the field’s gradient (e.g. CASPETr-
Wind ( 9enNOuPNY 5N ),

- Sensitivity estimates with |V¢| ~ ¢omv  too naive!
Earth affects! ©  Should be done with |V¢(a)] .
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3.1 Repulsive case (A>0)

(Zero velocity approximation) a = v/ Appa
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- Suppressed amplitude

] [Hees et al. 2018]
- Enhanced gradient




3.2 Attractive case (A<0)

(Zero velocity approximation) a = +/—Appa
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- Enhanced amplitude
- Enhanced gradient




4. Incident wave approach

- The Solar System moves as a whole towards
Cygnus ~200km/s. A flux of dark matter is
expected.

- Realistic boundary condition
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5. Power spectrum

- Proper treatment of ALP as stochastic classical
field.

- Non- monochromatic (dark matter velocity
distribution §@)P x5 ).
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- Gradient’s power spectrum
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5.1 Repulsive coupling (A>0)

[ predified (4, g0, 0)dw

[ Pfree(w, a,0,0)dw
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5.2 Attractive coupling (A<O)
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5.3 Enhanced sensitivity region In
CASPEr-wind
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6. Validity of the stationary solutions

- We have considered stationary solutions, but the
Earth is in an accelerated movement around the
Sun.

- Understand in which time scales these solutions
are a good approximation.

| |

Study simple physical situations that capture the
relevant time scales.




6.1. Appearing source

- Why Is It interesting?
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- Non-trivial time dependence.
- Related to the accelerating source situation.

- How? ~ Semi-analytical method
(Eigenfunctions).




6.1.1 Time scaling of the approach
to the stationary configuration
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6.2 Validity of stationary solutions

- Comparing relaxation times with Earth’s
deviation from a straight path.
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/. Conclusions

- The presence of the Earth can affect sensitivities
of direct detection.

- Enhanced sensitivities for experiments that aim
for a gradient coupling, e.g. CASPEr-wind.

- For most of the mass range of interest,
stationary solutions at the Earth’s vicinity are a
good approximation.



Thank you for listening!
Questions?
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- At low energies this coupling produces a
potential for ALPs
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- Nucleon densities modify the potential
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Bound states

.Bound states exist for certain values of the
coupling and cause divergences.
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Resonances and bound states In

the k complex plane

As long as k non O there are no divergences!




Poles S matrix repulsive case




Analytical expression for the scaling
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