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Quadratic Coupling

Axi10on
I: 2 Hook et al. 2017, Kim et al. 2023,
1 Beadle et al. 2023, ...
15 G2 .
0/7 SM Dilaton
m; ff Damour et al. 1992,

Sibiryakov et al. 2020, ...

Other Scalars

Brzeminski et al. 2020,
Gan et al. 2023, ...
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Quadratic Coupling
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Matter Eftect
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Matter Eftect
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Scattering Force
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Scattering Force
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Background-Induced Force

Xucheng Gan (@ DESY DM-+v Focus Week, August 22nd



Background-Induced Force
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Test:vlass

Comparison of Forces in the Perturbative Region
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Unitied Treatment
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Unitied Treatment
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Field Oscillation+Finite Phase Space+Finite Geometry

Decoherence, Screening, Descreening
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Classification

Kg: Incident Momentum
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Classification

My = Ko Kg: Incident Momentum
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Classification

My = Ko Kg: Incident Momentum
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R: Radius of Scattered Sphere
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Classification
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Classification

Xucheng Gan @ DESY

Decoherence

DM-+v Focus Week, August 22nd

Region B: & = 5 R, may = 0.3 Rgl

0.003
0.001
—0.001

(0.003

(0.009
—(.011
0.013
—0.015
—0.017

18



Ko

Classification
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Classification

Region D: k& = 10 Rg l
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Classification

Region E: mas = lURgl, k = mars/tan(30°)
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Scattering Force
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Scattering Force
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Background-Induced Force: Perturbative
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Background-Induced Force: Finite Barrier
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Background-Induced Force: Hard Sphere
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Experimental Sensitivity

Experiments Acceleration
MICROSCOPE & 107t m/s
Eot-Wash & 107> m/s?
Galileo Galilei Satellite & 10°%m/s?
Deep Space Mission & 10°8m/<

TestMass: R & 1cm# 10cm
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Experimental Sensitivity

Experiments Acceleration
MICROSCOPE & 107 mis
Eot-Wash & 107> m/s°
Galileo Galilei Satellite & 10°*°m/s?
Deep Space Mission & 1078 m/s?
T& 10K, O&10° & 1072 m/s°
SOL Q& 10 & 1074’ m/s?

TestMass: R & 1cm# 10cm
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Experimental Sensitivity
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MICROSCOPE Satellite
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MICROSCOPE Satellite
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Conclusions

1. The quadratic coupling arises 1n dilaton, axion, and other scalar models.

2. Quadratic couplings can be probed via matter eftects, which manifest as a scattering
force and a background-induced force. Both forces produce accelerations of test masses
that can be measured using precision accelerometers.

3. Previous studies were limited to specific regions of the parameter space. By employing
partial wave analysis, we develop a unified framework that covers the entire parameter
space, including both perturbative and non-perturbative regimes. We highlight three
effects: the decoherence ettect, the screening effect, and the descreening effect.

4. We discuss the sensitivities for the accelerometer experiments, which detects the
acceleration induced by the scattering force and background-induced force.

5. We also revisited the MICROSCOPE equivalence principle test and extend the
constraints to the high-momentum regime KRy, 1 1.
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Partial Wave + Phase Space
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Partial Wave + Phase Space
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Descreening Effect

Region D: mys = 1[)/{51: le = mas/tan(467) Region E: mays = IOREI, k = mars/tan(30°)
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Descreening Effect
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Spherical Symmetric Ansatz
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Hees, et al, 2018,
Banerjee, et al., 2022
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Classitication ot Fp,
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