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Solar Reflected Dark Matter
DM particle can enter the 
sun, get scattered off high 
energy electron and get 
accelerated

Simulated 
Results
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Motivation: Anisotropy of Reflected DM

Band Structure of Germanium
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• Bloch state in crystal 𝜓𝑖𝑘 Ԧ𝑥 = 𝑒𝑖𝑘∙ Ԧ𝑥𝑢𝑖𝑘 Ԧ𝑥

• 𝑢𝑖𝑘 Ԧ𝑥 =
1

𝑉
σ Ԧ𝐺

𝑢𝑖 𝑘 + Ԧ𝐺 𝑒𝑖 Ԧ𝐺∙ Ԧ𝑥 has same periodicity as lattice

• 𝜓𝑖𝑘 Ԧ𝑥 =
1

𝑉
σ Ԧ𝐺

𝑢𝑖 𝑘 + Ԧ𝐺 𝑒𝑖 𝑘+ Ԧ𝐺 ∙ Ԧ𝑥

• Form factor of Bloch 𝑖𝑘 to (almost) free state 𝑘′



• The rate

𝑅 =
𝜌𝜒

𝑚𝜒
𝑣0න𝑑3𝑣 𝑔𝜒 𝑣 𝜎

=
𝜌𝜒

𝑚𝜒
𝑣0

ത𝜎

8𝜋𝜇𝜒𝑒
2 න

𝑑3𝑞

𝑞
න
𝑑3𝑣

𝑣2
𝑔𝜒 Ԧ𝑣 Θ 𝑣 − 𝑣𝑚𝑖𝑛 𝐹𝐷𝑀 𝑞 2 𝑓𝑖𝑘→𝑘′ Ԧ𝑞 2

• Traditionally we integrate out 𝑑 cos 𝜃𝑞𝑣 𝑑𝜑𝑞𝑣 of 𝑑3𝑞 and 
assume 𝑔𝜒 Ԧ𝑣 to be isotropic

• But now 𝑔𝜒 Ԧ𝑣 =
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• Rate for computation

Where 𝑣𝑚𝑖𝑛 =
Δ𝐸1→2
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• Does inner shell excitation has anisotropy?

• YES, through Bragg coherent scattering.



Bragg Coherent Scattering

• Cross section

• Equivalently 𝑑3𝑞 →
2𝜋 3
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Dark photon

• Stueckelberg case is bad: relativistic 2 → 1 process, 𝑞~𝐺~2keV, 
need a very large initial E

• Higgs case is good: relativistic 2 → 2 process
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Modulations
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Relevant to the 
position of detector 
material

Only relevant 
to the motion 
of Earth

Ԧ𝑣
Noise grows ~ 𝑁
Signal grows ~𝑁
5 years O(1)


