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Freeze-out

• Freeze-out DM SM

DM SMDecay
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Freeze-in

• Freeze-in DMSM

DMSM Produce
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Solar Reflected Dark Matter
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Motivation: Anisotropy of Reflected DM
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Crystal Structure

• Reciprocal lattice vector
Ԧ𝐺 ⋅ 𝑅 = 2𝜋𝑛

• Bloch state in crystal

𝜓𝑖𝑘 Ԧ𝑥 =
1

𝑉
෍

Ԧ𝐺

෤𝑢𝑖 𝑘 + Ԧ𝐺 𝑒𝑖 𝑘+ Ԧ𝐺 ∙ Ԧ𝑥

• G ~ crystal surface ~ Brillouin zone



Valence Shell Scattering

Contact interaction

Massless mediator



Bragg Scattering of Inner Shell Electrons

• Inner shell electron provides 
momentum ~10𝛼𝑚𝑒
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Bragg Scattering of Inner Shell Electrons

Equivalently ׬𝑑3𝑞 →
2𝜋 3
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Bragg Scattering of Inner Shell Electrons



Analysis of Daily Modulation

ො𝑛

4-fold symmetry axis, 6 hour period, 6 bins:

Fourier component
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[4] Haipeng An, Haoming Nie, arxiv: 2502.21140
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Inelastic DM

𝝌𝟏

𝝌𝟐

𝑚𝜒2 = 𝑚𝜒1 + Δ

𝝌𝟏

Additional 
energy deposit 
in lab from 
mass splitting Δ

𝑒−



Inelastic Scattering

• Additional energy release 
carried by smaller mass 
particle

• Small 𝑚𝜒: electron recoil 
is sensitive to 𝐸𝜒, not to Δ

• Large 𝑚𝜒: electron recoil 
is sensitive to Δ, not to 𝐸𝜒



Limit of Solar Reflected 
Inelastic DM

Dominated by 
high-kinetic-
energy DM 
scattering

Dominated by 
excited state 
energy release

Preliminary

CDEX-10



Summary

• Solar reflected DM is crucial to test light DM freeze-in model

• Crystal structure causes anisotropic scattering, results in 
modulations. Largest with momentum transfer ~3keV. This 
method is irrelevant to the background.

• Inelastic DM can be excited inside the Sun, and then release 
energy in the experiment target. The electron recoil is enhanced 
when 𝑚𝜒 > 𝑚𝑒 .


