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Direct search: theory

dRion

d ln Ee
∝ NT

σ̄e

8μ2
χe mχ ∫ qdq | fion(Ee, q) |2 ρχ η (vmin(Ee, q))

η = ∫
∞

vmin

f( ⃗v + ⃗vE)
v

d3v

target

dependent

particle 
physics 
model

astrophysical 
input

f( ⃗v ) ∝ Exp (−
| ⃗v |2

σ2 ) Θ (vesc − | ⃗v |)
Required minimum DM velocity

Standard Halo Model (SHM)

Credit: R Essig

arXiv: 1206.2644, 1108.5383, 1703.00910 ...  
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Direct search: experiment

<<S1 S2

Electron recoil signature

S2 only analysis

Strongest bound in large 
region of parameter space

Assuming SHM model
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Stellar/DM substructures?

+ many moreWe assume DM and stars follows same velocity distribution
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DM substructures + SHM: discovery limit

Likelihood
analysis

Substructure fraction = 0.2
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Resolving DM substructure fraction
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σ̄e = 10−40 cm2

Closed contours for low masses : can be resolved!

TNM R Laha 2208.14471
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Summary
• Clear evidence of stellar substructure!

• Originated from rather recent merger

• The associated DM substructure may 
have similar velocity distribution? 

• Essentially modify local DM speed 
distribution. How much?

• We explored this effect in electron 
recoil experiments

• Substructure fraction can be resolved 
to   50% accuracy… ∼
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