Cosmological searches
for dark matter-baryon interactions
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Caveats of low-energy searches
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CMB on Dark Matter

DM = gravitating fluid (old and uninteresting).
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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-> Fk
suppression of small scales

Temperature
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Scattering in the early universe

Momentum transfer between baryon-photon fluid and DM
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Planck constraints on DM-proton scattering

VG and Boddy (2017), Boddy and VG (2018)

Planck 2015 T+P+lensing
(velocity-independent scattering,
DM mass=1GeV, include He):
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Cosmological exclusion curves

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

VG and Boddy (2017)
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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

_ N Dvorkin+ (2014); Xu+ (2018);
O c)-O \ Slatyer+ (2018)

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

Problem: non-linear equations
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Late-time scattering: relative bulk velocity

Problem: non-linear equations
Solution: use a proxy for Vbulk
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v4 scattering: Planck limits
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What about EDGES?

[cf. Jordan Mirocha'’s talk]
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Order of business: Is it in the sky? Is it cosmological? Is it DM?
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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.

T T T T : o “”i”\
! I
107} ionized fraction Q,=1%-Qpy _J I
__________________________________ |
10-37 |
|
10-38 0= i
\
L 1n-39 ]
E 10 10—39 L
5 10—40
10 414 100%interacting  Planck excluded 104+
g 10—42_
© . -43 RN RN RN
10434 EDGES lower limit 10° 001 0.1 10 1000
—44 8y [MeV]
10 10 keV - i(jdlkev - Ill MeV Barkanart (201 )

DM particle mass

Boddy, VG, Poulin, + (coming up) 20



Fractional DM with v+ scattering

Take-home: EDGES with millicharged component at < 0.5% of DM is allowed.
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What's coming?

Data
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Atacama Cosmology Telescope [ACT]
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Forecasts

Gain 2 orders of magnitude with CMB-Stage

4, Zack Li (Princeton)
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Distinguishabllitye

DM-baryon scattering does NOT look like neutrino
mass, DM annihilations, Neff, nor LCDM parameters. Zack Li (Princeton)

[Li, VG, +, Iin prep]
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What's coming?

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).
» Specific well-motivated models.

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

Yes to putting it all on the same plot!

[c.f. talks by Rouven and Jocelyn]



Future
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Abundance of new

observations in near future:

ACT, SPT, SO, CMB 34, DES,
LSST, 21-cm cosmology,...
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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 in discovery era.
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