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o Shifted Maxwellian velocity distribution

[CLS, arXiv:2103.06883 (2021)]

vχ,Lab = 190 km/s vχ,Lab = 440 km/s
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Questions
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Arguments

o Proportionality of the WIMP flux to the incident velocity

[CLS, arXiv:2103.06883 (2021)]

vχ,Lab = 190 km/s

Low vχ

Low WIMP flux

vχ,Lab = 440 km/s

High vχ

High WIMP flux
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Arguments

o Cross section (nuclear form factor) suppression

[CLS, arXiv:2103.06883 (2021)]

vχ,Lab = 190 km/s

Low vχ
Small Eχ

Always small Q

Weak F (Q) suppression

vχ,Lab = 440 km/s

High vχ
Large Eχ

(Occasionally) large Q

Strong F (Q) suppression
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o Recoil-energy dependence of the nuclear form factor

bg

[CLS, arXiv:2103.06883 (2021)]
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o WIMP-mass dependence of the maximal transferable recoil energy Qmax,rms

bg

[CLS, arXiv:2103.06883 (2021)]
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3-D Monte Carlo “scattering–by–scattering”
elastic WIMP–nucleus scattering simulation
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3-D Monte Carlo elastic WIMP–nucleus scattering simulation

3-D Monte Carlo elastic WIMP–nucleus scattering simulation

o Simulation workflow

G

χ

vχ
φχ, θχ

t

[CLS, arXiv:2103.06485 (2021)]
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â Angular distribution

fχ,G,φ(φχ,G) = 1 φχ,G ∈ (−π, π]

fχ,G,θ(θχ,G) = 1 θχ,G ∈ [−π/2, π/2]

â Time dependence

ft(t) = 1 t ∈ [tstart, tend]

[CLS, arXiv:1905.11279 (2019)]
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3-D Monte Carlo elastic WIMP–nucleus scattering simulation

3-D Monte Carlo elastic WIMP–nucleus scattering simulation

o Radial component (magnitude) of the 3-D WIMP velocity distribution

bg

(Galactic frame, 0 - 365 day, 500 events)

[CLS, arXiv:2103.06485 (2021)]
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3-D Monte Carlo elastic WIMP–nucleus scattering simulation

3-D Monte Carlo elastic WIMP–nucleus scattering simulation

o Angular component (direction) of the 3-D WIMP velocity distribution

bg

(Galactic frame, 0 - 365 day, 500 events)

[CLS, arXiv:2103.06485 (2021)]
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o Simulation workflow
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o Galactic (G) coordinate system
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3-D Monte Carlo elastic WIMP–nucleus scattering simulation

o Ecliptic (S) coordinate system
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3-D Monte Carlo elastic WIMP–nucleus scattering simulation

o Earth (E) coordinate system
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3-D Monte Carlo elastic WIMP–nucleus scattering simulation

o Horizontal (H) coordinate system
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[CLS, arXiv:1905.11279 (2019)]
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3-D Monte Carlo elastic WIMP–nucleus scattering simulation

o Laboratory (Lab) coordinate system

bg
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o Simulation workflow
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o Simulation workflow
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o Simulation workflow
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3-D Monte Carlo elastic WIMP–nucleus scattering simulation

3-D Monte Carlo elastic WIMP–nucleus scattering simulation

o Incoming-WIMP (χin) coordinate system

bg

[CLS, arXiv:2103.06485 (2021)]

C.-L. Shan TAUP 2025, August 26, 2025 p. 21



3-D WIMP Effective Velocity Distribution

3-D Monte Carlo elastic WIMP–nucleus scattering simulation

3-D Monte Carlo elastic WIMP–nucleus scattering simulation

o Orientation of the scattering plane and the (equivalent) recoil angle

bg

[CLS, arXiv:2103.06485 (2021)]
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3-D Monte Carlo elastic WIMP–nucleus scattering simulation

o Scattering simulation

â Azimuthal distribution

fNR,χin,φ(φNR,χin
) = 1 φNR,χin

∈ (−π, π]
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Radial component (magnitude) in the Galactic coordinate system

3-D WIMP effective velocity distribution in the Galactic frame

o Radial component

bg

(100 GeV, off 19F, Galactic frame, 0 - 365 day, 500 events)
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Numerical results

Radial component (magnitude) in the Galactic coordinate system

3-D WIMP effective velocity distribution in the Galactic frame

o Annual modulation of the radial component

bg

(100 GeV, off 73Ge, Galactic frame, day, 500 events)
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Numerical results

Angular component (direction) in the Galactic coordinate system

3-D WIMP effective velocity distribution in the Galactic frame

o Angular component

bg

(100 GeV, off 19F, Galactic frame, 0 - 365 day, 500 events)
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Angular distribution of the 3-D average kinetic energy
in the Galactic coordinate system

C.-L. Shan TAUP 2025, August 26, 2025 p. 37



3-D WIMP Effective Velocity Distribution

Numerical results

Angular distribution of the 3-D average kinetic energy in the Galactic coordinate system

3-D WIMP effective velocity distribution in the Galactic frame

o Angular distribution of the 3-D average kinetic energy
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3-D WIMP Effective Velocity Distribution

Numerical results

Angular distribution of the 3-D average kinetic energy in the Galactic coordinate system

3-D WIMP effective velocity distribution in the Galactic frame

o Annual modulation of the angular average-kinetic-energy distribution
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Forward-backward asymmetry of the 3-D WIMP G. eff. vel. dist.

o Forward-backward asymmetry
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v�,G ' 220 km/s
χ

vχ,G = 120 km/s

vχ,Lab ' 340 km/s

High vχ

High χ flux

Large Eχ

(Occasionally) large Q

Strong F (Q) suppression
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for the “3-dimensional” elastic WIMP-nucleus scattering process

o By taking into account

â the relation between the WIMP incident velocity, the (equivalent)
recoil angle, and the nuclear recoil energy

â the cross section (nuclear form factor) suppression on the nuclear
recoil energy and in turn on the (equivalent) recoil angle and the
WIMP incident velocity

o Without using

â a theoretically estimated spectrum of 1-D/3-D elastic WIMP-nucleus
scattering

â a theoretically calculated 1-D WIMP velocity distribution in the
laboratory frame
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o We demonstrated the 3-D “effective” velocity distribution of WIMPs
scattering off target nuclei and its asymmetric forward-backward asymmetry

â The anisotropy of the angular component of the 3-D WIMP effective
velocity distribution in the Galactic coordinate system

â Depends on

í the energy window

í the target nucleus

í the WIMP mass

â WIMPs moving in the same direction as the laboratory/detector
would have

í (much) lower probabilities to scatter off light target nuclei,

í but, once WIMPs are heavy, higher probabilities to scatter off heavy
target nuclei,

than WIMPs moving in the opposite direction

â The forward-moving and scattering WIMPs would always have larger
average velocity/kinetic energy than the backward-moving WIMPs
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