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J Motivation: Why Dark Matter Matters <<

Strong gravitational evidence, yet particle identity remains a mystery
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How DM couples to ordinary matter?



Mechanical Signatures of Sub-eV Dark Matter <0<

B-L Vector DM
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Scalar DM: Linear Coupling
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J Dark Matter Scattering off Single Object <'<

Scattering Process

» Momentum transfer
qd = Pin — Pout
> Force
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Long wavelength

Coherent Scattering

» Wave Function and Form Factor
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| Dark Matter Scattering off Multiple Objects <’<

» Wave Function

e ikr

Yiot = eikr+(f1 + fzeikd)

> Cross Section
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J Force Evaluation of Single Object via Momentum Flux

Enclose each object and integrate the local momentum flux

Incident
Wave

l/’in

@ DM Wavefunction

l/)(l‘) = ¢in(r) + Yse (r)

@ Energy-Momentum Tensor

TH = 9Myp* 0V + 0FPavy
—g*[(8,9)(0°p") — m?|P|?]

@ Surface Integral for the Force
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JToy Model: Delta Scattering Potential
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» Force Calculation
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J Force Evaluation of Single Object via Ehrenfest theorem

€

Integration of the interaction force over the DM density distribution

-

DM flux

@ Ehrenfest Theorem

Fi = —J a3rlp @)V, (r)

Y() DM wavefunction
V.(r)  Potential of scatterer i

@ For Concentric Targets

Fi=n, [ d*vf(v)v] dQ fioifiq

Cross-section-like formula :
Fior = nxf d3vf(v)vf dQ figeq




J Comparison of Force-Calculation Methods

Model: concentric sphere + shell; Observable: |Aq|
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The method base on Ehrenfest theorem is adopted for subsequent calculations



J Constraints from MICROSCOPE Experiment G(

MICROSCOPE experiment Objective
8 Cm. Test the Weak Equivalence Principle (WEP)

Core Components
Concentric cylindrical test masses

Key Feature

Satellite spin modulates the signal at the
spin frequency

Measurement Precision
Precision at the 1071* m/s? level

Detects dark matter through induced differential acceleration
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DM Wind Direction During MICROSCOPE Sessions <

DM wind in galactic frame DM wind in satellite frame
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Modulation of the DM Signal <‘<

Incidence angle DM theory signal
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Data Analysis

Sensors MICROSCOPE time series Session-level estimates

le-7 SUREF 176 AccDifXsca Differential Acceleration vs Time TABLE II: Session-level fitted cross section for SUREF w/o OH at m, =5 x 10” eV,
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J Constraints on DM-Nucleon Scattering from MICROSCOPE
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6 Contribution of the\
Outer Housing(OH)

When ADMNROH /
coherent interference

further strengthens the

\ constraint. -
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” Summary <0<

» We resolve the individual-force problem in long-wavelength
coherent scattering involving multiple macroscopic objects

Fi = =[] a3rlp(@)>vv;(r)

» Applying the formalism to MICROSCOPE data, we derive leading
constraints on quadratic DM—-nucleon coupling

m, ~ 1073 —107% eV o,y ~ 107°% cm?
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Thank you
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