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CMB vis-a-vis Direct Detection

US Cosmic Visions (1707.04591)
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Cosmic Microwave Background

ESA and Planck Collaboration (2013)
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Consequences of Scattering

+ Heat transfer due to scattering
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+ Drag acceleration due to scattering
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+ Consider scattering on protons
(free and within helium nuclei)



Modified Boltzmann Equations

KB and Gluscevic (2017,2018), Dvorkin et al. (2014,2018), Sigurdson et al. (2004), Chen et al. (2002)

+ Temperature evolution
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+ Implemented into CLASS /MontePython



Small-Scale Suppression

scattering - drag force - suppression
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Rate Coeflicients

Particle physics input?
Connect with direct detection.



Nonrelativistic EF'T Operators

Anand et al. (2014), Fitzpatrick et al. (2013), Fan et al. (2010)
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Single-Operator Cross Section
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Keep track of velocity dependence

<+ Matrix element DM response
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+ Cross section
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Rate Evolution
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CMB Power Spectra
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Spectrum Comparisons
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Constraints on Sl and SD

Gluscevic and KB (1712.07133)
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Constraint Comparison

KB and Gluscevic (1801.08609)
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Light Mediators: v and v+

+ Expect cross section to be small at early times, when thermal
velocities are large

<+ Recall momentum-transfer rate
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+ Difficulty: nonlinear equation » Solution: use Vrms



(onstraints for v4
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Summary and Outlook

+ Precision cosmology provides complementary searches for particle dark
matter interactions

+ Expect better constraints from ground-based CMB experiments that probe
smaller scales

+ Planck+ACTPol joint analysis (upcoming)
+ Forecasts for AAvACT and CMB-54 (in progress)
+ Incorporate large-scale structure data (upcoming)

+ Heightened interest in dark photon models from EDGES result;
careful treatment of cosmological constraints is needed (in progress)



