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Caveats of low-energy searches

DD has a celling.

Masses << GeV are sfill
poorly explored.

Assumptions about local
astrophysics of DM.

Limited ability to pin down
nature of the inferaction.
[see arXiv 1506.04454]
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Cosmic microwave background [CMB]

Power spectrum
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With dark matter-proton scattering:

scattering ->drag force->
suppression of small scales
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With dark matter-proton scattering:

scattering ->drag force->
suppression of small scales
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Scafttering in the early u

niverse

Momentum transfer between baryon-photon fluid and DM
affects perturbations and thermal history:
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Planck constraints on DM-proton scattering
I T VG and Boddy (2017), Boddy and VG (2018)
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Cosmological exclusion curves

v-independent DM scattering with proton: 95% confidence upper limit

VG and Boddy (2017)

:1 == Planck 2015, spin-independent (this work) B

— Planck 2015, spin-dependent (this work)
Spectral distortions (Ali-Haimoud et al, 2015)
Planck 2013 (Dvorkin et al, 2014)

== Planck 2013 + Ly-a (Dvorkin et al, 2014)

= COBE + 2dF (Chen et al, 2002)
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High cross sections, down to mass ~keV!



Non-relativistic EFT

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

<- Each operator -> cross section with a different dependence on
relative particle velocity, different thermal history:
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CMB observables

<- Each operator -> cross section with a different dependence on
relative particle velocity, different thermal history:
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coupling coefficient

Cosmological constraint on DM-baryon EFT
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Other scattering scenarios

Dvorkin+ (2014); Xu+ (2018);

0~0j V" Slatyer+ (2018)

Late-time: n <-2 Early-time: n=-2
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Late-fime scattering: relative bulk velocity
Tseliakhovitch and Hirata (2010)

Problem: non-linear equations
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Brightness temperature, T,
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What about EDGES?

Age of the Universe (Myr)
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Redshift, z ° Sys.l_emoﬁcsa m, (GeV)
Bowman+ (2018) « Foregrounds? Barkana (2018)
« Astrophysics?

« Cold baryons?

Order of business: Is it in the sky? Is it cosmological? Is it DM?
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cross section [cm?]

EDGES: v+ and millicharge

From CMB limits on momentum-transfer: EDGES cannot be 1% of
millicharged DM, but could be 100% with some other v interaction.
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What's cominge

Data
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Atacama Cosmology Telescope [ACT]
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The Simons Observatory




Large gain with next-stage CMB experiments.

Forecasts
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[Li, VG, +, coming up]
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Distinguishabilitye

DM-baryon scattering does NOT look like neutrino
mass, DM annihilations, Neff, nor LCDM parameters, Zack Li (Princeton)
once lensing is included in analyses.

[Li, VG, +, coming up]
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What's cominge

Analysis
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Work in progress

(with K. Boddy, Z. Li, M. Madhavacheril, the ACTPol collaboration)

» Cross-correlation with large-scale structure.
» Scattering with electrons (better sensitivity to lower mass).
» Constrain specific well-motivated models.

> Ultimate goal: combine analyses of experimental and observational
dataq, find and confirm the signal, robustly test DM physics.



Summary

v CMB and cosmology probe vast parameter
space (sub-GeV mass and large cross sections).

v Abundance of new data on the horizon:

CMB, galaxy surveys, 21-cm experiments, direct
detection, LHC, fixed targets, +

v' Synthesizing information is important to guide
searches and will be essential post-discovery.




