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What do we (want o) know?

Lots of evidence for a consistent picture:
~b6x more invisible matter than baryons.
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It's not a lot of things

(hot, sderachng much, cecaving rmeah, )

It could be a lot of things
(WIMPs, WIMP-like, axion, sterile neutrino,...)

How does it interact with the SM?
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DM in CMB anisotfropies
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Image credits: Amanda Yoho, Planck CMB simulator at hitp://strudel.org.uk/planck/#;: ESA/Planck
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DM in CMB anisotfropies
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DM-proton scattering and the CMB
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Plots: VG and Boddy, in prep; Previous work: Chen et al (2002), Sigurdson et al (2004); Dvorkin et al (2014); ef¢.
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Non-relativistic EFT

[Fan et al, 2010; Fitzpatrick et al, 2012; Anand et al, 2013]

< Instead of a model, start with Galilean Hermitian invariants:

i s @
g, U =0+ , Sy, SN
214N
Momentum transfer Relative velocity Spins

< Write down all operators derived from these => ~15 for
elastic scattering through scalar or vector mediator, to
second order in g; 2 free parameters per operator:

Lo = Z Z(-‘EMC)-;‘..\'+.\’N*N

N=n,p 1
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Non-relativistic EFT

[Fan et al, 2010; Fitzpatrick et al, 2012; Anand et al, 2013]

< Consider the full set of non-relativistic operators coupling DM
to nucleons, including velocity and momentum dependence.

< Parametrize all possible interactions at low energies through
operator coefficients.

< Provided a mapping between these “observables” and
specific high energy theories for DM => model-independent
approach to covering the space of theoretical possibilities.
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DM EFT iIn cosmological context

Work in progress with Kimberly Boddy (UH)

< For each operator 2> momentum transfer cross section: o(v).

2

< Integrate over velocity distribution at a given redshift -
momentum exchange R(z) [params: myx, couplings to p and n]

L

< Include R into Boltzmann equations 2 effect on cosmological
perturbations. @

< Implement intfo Boltzmann code to compute Cl's.

L

< Analyze all available CMB data.
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DM EFT In cosmological context
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Cosmological constraints on DM EFT
Work in progress with Kimberly Boddy (UH)

Projections for Planck [preliminary!]

(spin- and velocity-independent scattering):
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New parameter space: down to mass ~MeV
(independent of local astrophysical DM properties)
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Cosmological constraints on DM EFT

Work in progress with Kimberly Boddy (UH) & ACTPol collaboration

Next steps:
» Planck constraints on all non-relativistic interaction operators.
» Co-analyze Planck & small-scale CMB polarization from ACTPol.

» Future:

consider large-scale structure probes of the matter power spectrum;
include scattering off electrons; consider spectral distortions
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Comparison with nuclear recoils

Cosmology far less sensitive to
traditional WIMPs, but....

» Current DD insensitive to m<< 1GeV
for proton scattering (though there T
are other ideas!) 10}

Excluded by
. . . - LUX + CDMSlite
» Covering the range of cross sections © 10 2} '

inaccessible to underground 10+
experiments

1! |[I=‘-’ |[I)' |tl]: 10*
dark matter particle mass [GeV|
» DD relies on assumptions about
local astrophysical properties of [Just for illustration: VG et al (2015) and
Dvorkin et al (2014
dark matter (not observable). i )

» DD has limited ability to unveil the
nature of the interaction in agnostic
analysis (Gluscevic et al 2015).
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».. The Simons Observatory

Pirsa: 17070026 Page 16/16




