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1. Introduction

- 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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[Hees et al. 2018,
Balkin et al. 2022,

Banerjee et al. 2023,
Bauer et al. 2024]

- Interesting phenomenology!
- Matter densities modify the ALP's field distribution.
- Can be generated through other portals.



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

proportional to the field (e.g. CASPEr-Electric
(9a9NowsNF* ) or BREAD ( igqmquWFW )).

- 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. CASPEr-
Wind ( 9snnOupNY 5N ),

- Sensitivity estimates with |Vé| ~ ¢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)
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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 Banerice et al, 2025]
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5. Power spectrum

- Proper treatment of ALP as stochastic classical
field.

- Non- monochromatic (dark matter velocity
distribution 3712 « =4 ).
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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<0)
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Interesting profile due to bound
states




6. Enhanced sensitivity region in
CASPEr-wind

ALP Compton frequency (Hz)
10” 10t 10°  10°

SN1987A

\'o;\—

—_

o
X
o

-
--
-
-----
-
- -
--

—_

'
—_
oS

QCD Axion

ALP nucleon coupling ganN (GeV'1)
S )

107" 1070 107 10°°
ALP mass (eV)



/. 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.

Thank you for listening!
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