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1. Motivations
• A big region in the DM interaction parameter space (direct detection 

experiments are not enough)
• White dwarfs: the interactions of DM in the sub-GeV regime
• Boosted DM (high-density flux): improve the bounds for light DM 

candidates
• => A multi-energy approach to the white dwarf capture

2. DM Capture in White Dwarfs
o Capture rate of DM

o Multi-energy approach: cross section (different energy regimes) & flux
o Capture rate density
• Flux: delta function of a particular energy from all directions
• DM density as a free parameter -> capture rate density

DM velocities near and far from the star
• Maximum capture probability

3. Model
• A new U(1)X symmetry: spontaneously broken
• Fermionic DM interacting with SM fields through a 

vector or a scalar interaction 
• A dark photon Z’: additional broken gauge boson
• A complex singlet Φ: charged under U(1)X, acquires a 

vev

5. Results: Cross Sections and Density Capture Rates

• White dwarf: 𝑀∗ = 𝑀⨀ ,  𝑅∗ = 5.7×10#𝑘𝑚
• 𝜖 = 10$%,  𝑔&' = 10$%,  𝑔( = 0.1 ,  𝑔)* = 1

o Cross sections
• High-energy regime: vector: Resonant scattering dominates for lighter 

mediators, while DIS becomes the dominant process for heavier mediators.
• High-energy regime: scalar: DIS (suppressed by several orders of magnitude 

compared to nucleons and nuclei)
• Nucleon: scalar: square of the total energy of the DM (𝐸+) and the nucleon (𝐸,) 

in the denominator
o Density capture rates

4. DM Scattering Cross Sections
• Deap inelastic scattering (DIS)

At high energy regime, the valence and the sea quarks 
become visible, leading to the production of a 
hadronic shower. 𝜒𝑞 → 𝜒𝑋

• Resonant scattering
𝜒 + 𝑁 → 𝜒 + 𝑁∗ → 𝜒 + 𝑁 + 𝜋

1. 𝜒 + 𝑝 → 𝜒 + 𝑝 + 𝜋-, 2. 𝜒 + 𝑝 → 𝜒 + 𝑛 + 𝜋.,
3. 𝜒 + 𝑛 → 𝜒 + 𝑛 + 𝜋-, 4. 𝜒 + n → 𝜒 + 𝑝 + 𝜋$.

• Elastic scattering on nucleons
• Elastic scattering on nuclei

• Non-relativistic (NR) form factors (at low kinetic 
energies)

• Fermi-Symmetrized Woods-Saxon (WS) form factors 
(do not require non-relativistic)


