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Standard Model of cosmology and particle physics accurately describes*  
every known experiment and observation to the measured and calculated precision 

mathematical structures  |  theory breakdown  |  parametric puzzles  |  computational precision

dark matter |  neutrino masses  |  baryon asymmetry  |  inflation

experimental frontiers:

theoretical frontiers:

high-energy  |  cosmic  |  intensity  |  precision

*parametrized unknowns:

The Central “Problem” of Fundamental Physics 
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[MPA]

Growth of Dark Matter Density Fluctuations 

matter-radiation equality

todaytime
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[Planck]

Large-Scale Dark Matter Density Fluctuations

17



Small-Scale Dark Matter Density Fluctuations

[Gaia]18



[Gaia]

Small-Scale Dark Matter Density Fluctuations

19



Theory:

Observation: local & global

primordial fluctuations & DM microphysics

[Gaia]

Small-Scale Dark Matter Density Fluctuations

20



Theory:

Observation: local & global

primordial fluctuations & DM microphysics

[Gaia]

Small-Scale Dark Matter Density Fluctuations

20



Large-Scale Dark Matter Density Fluctuations
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Large-Scale Dark Matter Density Fluctuations
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Large-Scale Dark Matter Density Fluctuations
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“If your experiment needs statistics, you ought to have done a better experiment.” — Ernest Rutherford

abundance, location, kinematics

mass, spin, non-gravitational interactions

Large-Scale Dark Matter Overdensities
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Enumerable Dark Matter Candidates

Weakly Interacting Massive Particle

Super Weakly Interacting Light Boson

motivated by hierarchy problem
thermal production: freeze-out, freeze-in

non-thermal production: misalignment, inflationary fluctuation
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motivated by strong CP problem, string theory, origin of SM masses and couplings
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allowed

anomaly, puzzle
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Super Weakly Interacting Light Boson

non-thermal production: misalignment, inflationary fluctuations
meta-stable by lightness

motivated by strong CP problem, string theory, origin of masses/couplings

Scalar Pseudoscalar Vector

Higgs portal QCD axion

x
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Generalized Harmonic Oscillator

general for any linear system
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Where is the Precision?

Spacetime coherence

Large dimensionless charges
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Molecular Absorption of Dark Photons
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The Outline 

How does dark matter fit into theoretical particle physics?

The evidence for dark matter!

A motivation “metric” for dark matter theories

General principles of precision-frontier dark matter detection



Future Outlook

“Measure what is measurable, and make measurable what is not so.” — Galileo

Technological Improvements

Innovative Detection Concepts

Innovative Background Mitigation

Indirect Gravitational Probes

Hard Engineering
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