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Traditional searches

• Based on nuclear recoil

• Lose sensitivity below DM mass ~ GeV

Direct Detection for Sub-GeV Dark Matter

PHENO 2025

Polukhina and Starkov, 2018
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Traditional WIMP searches

• Based on nuclear recoil

• Lose sensitivity below DM mass ~ GeV

Electron excitation

• Atoms (binding energy ~ 10 eV)

• Semiconductors (gap ~ eV)

• Reach down to DM mass ~ MeV

Collective excitation (sub-eV energies)

• Phonons in a crystal (collective oscillation of ions)
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Direct Detection for Sub-GeV Dark Matter

Assumption for the DM distribution: Standard Halo Model

PHENO 2025

Griffin, Inzani, Trickle, Zhang , and Zurek, 2021
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Direct detection event rate

The total event rate per target mass

Astrophysical inputs: 

• local DM density: normalization in event rate. 

• local DM velocity distribution: enters the event rate through an integration.
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Particle Physics model-specific part

𝑅 =
1

𝜌𝑇

1

𝑚χ

𝜋

𝜇2 න 𝑑3𝑣 𝜌χ𝑓χ 𝑣 න
𝑑3𝑞

2𝜋 3 𝜎ℱ𝑚𝑒𝑑
2 𝑞 𝑆(𝒒, ω𝑞)

Target response-specific partAstrophysics specific part

Navaneetha Valsan 5/12



Standard Halo Model (SHM)

DM density profile:
𝜌 𝑟 ∝ 𝑟−2

• Local DM density :
  𝜌𝜒 = 0.4 𝐺𝑒𝑉/𝑐𝑚3 

• Most probable DM speed:  𝑣0 = 220 𝑘𝑚/𝑠

• Local DM velocity distribution:
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Deviation from Maxwellian distribution

PHENO 2025

Kelso, Savage, Valluri, Freese, S. Stinson and Bailin, 2016
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Models considered and the velocity distribution
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Results

PHENO 2025

CaWO4 – Light dark photon mediator SiO2 – Light dark photon mediator

Fiducial: fixed at SHM with V0 = 220km/s and VESC = 544km/s
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PHENO 2025

Results
SiO2 – Light dark photon mediator

A. Coskuner, A. Mitridate, A. Olivares, and K. M. Zurek, 2021
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PHENO 2025

Results
Al2O3 – Light dark photon mediator CaWO4 – Heavy hadrophilic mediator

Fiducial: fixed at SHM with V0 = 220km/s and VESC = 544km/s
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PHENO 2025

Summary

• Investigated the impact of uncertainties in dark matter halo velocity distributions on 

DM-phonon scattering observables, focusing on 

total cross-sections and

  daily modulation in single-phonon excitation rates

• Uncertainty in the velocity distribution imparts quite a significant shift in direct 

detection limits.

   More than 50% uncertainty in a large mass range

•  Uncertainty in daily modulation amplitude and daily modulation signal could be 

critical in order to reach meaningful conclusions on one's DM models of interest.
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Backup slides
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Results

PHENO 2025

Al2O3 – Light dark photon mediator GaAs – Light dark photon mediator
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Results

SiO2 – Light dark photon mediatorCaWO4 – Light hadrophilic
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Standard Halo Model

Tsallis Model

Empirical Model

Model assumes isothermal spherical
dark matter halo with an inverse-square 
density distribution

SHM “truncates” or cuts off the
Maxwellian distribution at this escape 
velocity

Model ignores any anisotropy that DM 
halo might have

Halo Models
PHENO 2025
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Standard Halo Model

Tsallis Model

Empirical Model

based on Tsallis statistics

“q” is the Tsallis parameter, which describes 
the degree of deviation from a Gaussian 
distribution

Tsallis model allows for a power-law tail in the 
VDF

VDF included cut-off at the escape speed
For q<1

Halo Models
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Standard Halo Model

Tsallis Model

Empirical Model

based on N-body Cosmological simulations 
methods, which use simulation codes to 
describe the dynamics of pure collisionless 
dark matter

exponential term accounts for the anisotropy 
in velocity space

2nd term introduces a cut-off at the escape 
velocity

VDF exhibits a wider peak and a steeper tail 
than a Maxwell–Boltzmann distribution

Halo Models
PHENO 2025
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Daily modulation – Kinematic funtion
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Deviation from Maxwellian distribution

PHENO 2025

arXiv:2005.03955v2
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