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The DM velocity distribution — taken as a 
truncated Maxwellian distribution, with 
DM escape velocity vesc ∼ 10−3c

Direct-detection experiments are 
limited by the , preventing 
lighter DM to pass the detection 
threshold. Lighter DM masses 
are difficult to probe!

vesc XENON10 
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Setup
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 Dark SectorU(1)D

ℓ light
q′ = − 1

X heavy
q′ = + 1

neutral CDM χ

γ′ massless

Asymmetric DM: 
no  and X̄ ℓ̄

αD = αQED

kinetic mixing 
with γ

qQED = Q

qQED = − Q

Makes up 5% of DM the rest of DM
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Galactic MCP Distribution
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We treat the  and  plasmas as ideal 
gases in thermal and hydrostatic equilibria.

X ℓ

d
dr (PX + Pℓ) = − ρMCP ∇Φ

Pi = ρiθi

Ideal gas law:
CDM potential

Hydrostatic equilibrium:
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Galactic MCP Distribution
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We treat the  and  plasmas as ideal 
gases in thermal and hydrostatic equilibria.

X ℓ

d
dr (PX + Pℓ) = − ρMCP ∇Φ

isothermal

adiabatic

CDM (NFW)
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MCP Halo Density Profile

Pi = ρiθi

Ideal gas law:
CDM potential

Hydrostatic equilibrium:
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Efficient thermalization:
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thermalization time

Neglect cooling effects:

age of the galaxy

Ecool ≲
1
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EMCP

energy lost to cooling total MCP energy

Upper limit on mℓ
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Thermodynamic Considerations
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Efficient thermalization:

tth ≲ tgal

thermalization time

Neglect cooling effects:

age of the galaxy

Ecool ≲
1
3

EMCP

energy lost to cooling total MCP energy

Lower limit on mℓ

Upper limit on mℓ
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Scattering rate in electron-recoil based experiments (XENON10, SENSEI):

R1→2 = nloc
ℓ ∫ d3βℓgℓ (βℓ) σv1→2

local MCP distribution
QFT matrix-element 

+ atomic physics
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Direct-detection Prospects
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Scattering rate in electron-recoil based experiments (XENON10, SENSEI):

R1→2 = nloc
ℓ ∫ d3βℓgℓ (βℓ) σv1→2

local MCP distribution
QFT matrix-element 

+ atomic physics

gℓ (βℓ) ∼ e−mv2/2Tℓ

MB velocity-distribution with 
no escape velocity cutoff!
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Detector Reach and Predictions
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Thank you for your attention


