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Assumptions of Direct Dark Matter Detection
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Goals of Research
• Use hydrodynamic simulaDons of Milky Way analogues to inform 

realisDc velocity distribuDons of dark maWer in the solar 
neighborhood

• Generate bespoke predicDons for dark maWer direct detectors

Olena Shmahalo/Quanta Magazine

Marrodán UndagoiDa, T., & Rauch, L. (2016), Journal of Physics G Nuclear Physics, 43, 013001.

Hopkins, P. F., Wetzel, A., Kereš, D., et al. 2018, MNRAS, 480, 800, doi: 10.1093/mnras/sty1690 



Latte Simulations –m12f

Dark MaWer: 40 pc
Stars: 4pc
Gas : 1pc
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Simulation RealizationsSimulation Realization
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• Rate calculaDons have strong 
dependence on geocentric 
velocity distribuDon 

Geocentric Velocity Distributions

• RealisDc velocity distribuDons 
show departures from MB
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Annual Modula*on
Germanium Detector
𝑀J = 70amu
𝑀KL = 15GeV
𝜎B = 1.3𝑒QRS𝑐𝑚G

Annual Modulation
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Annual Modula*onAnnual Modulation
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Germanium Detector
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𝑀KL = 60GeV
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Peak Day
Germanium Detector
𝑀J = 70amu
𝑀KL = 15GeV
𝜎B = 1.3𝑒QRS𝑐𝑚G
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Peak Day
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Model Comparison
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Low Mass High Mass

𝟏𝟖𝟎𝒐

Turn Over Energy - Qc

The modulaDon is fixed for a given minimum velocity, regardless of 
𝑀KL, but it’s not fixed for a given recoil energy
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Turn Over Energy - Qc
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Qc vs MDM
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Dark MaRK – Dark Matter Rate Kalculator
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Conclusions
• All VDFs demonstrate significant deviaDons from the 

fiducial Maxwell Boltzmann fit, demonstraDng the 
inherent fluctuaDons in the dark maWer field. 

• Consequent annual modulaDon signals demonstrate that 
high energy structure effects from VDFs do not persist. 

• Model tests imply the Standard Halo Model is an 
appropriate approximaDon. 

• The criDcal turnover energy can be used by direct 
detecDon experiments as a tool for constraining WIMP 
mass
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