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Topics

ÅDark matter

ÅDark energy / Hubble tension

ÅInflation

ÅGravitational-wave cosmology



Dark Matter 2009

ÅWIMPS
ÅPeccei-Quinn Axions
Å Everything else



Dark-matter 2019
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Some current frontrunners

ÅUltra-low-mass fields (fuzzy DM, ultra-light 
axions)

ÅHidden-sector DM (Higgs or photon)

Åsub-GeV DM

Åprimordial black holes





Proliferation of novel searches for 
novel candidates



ÅBeam dumps
ÅTorsion balances
ÅAC neutron EDM
ÅCorrelated magnetometers
ÅDM-electron scattering
ÅDM-nucleon scattering
ÅHigh-Q cavities
ÅAtom interferometry
ÅAstrophysics:  annihilation/decay lines, dynamics, 
ƴŜǳǘǊƛƴƻǎκƎŀƳƳŀǎκ/wǎΧΦΦ



BaryonτDM interactions from 
cosmic dawn?

(EDGES: Bowman et al. Nature 2018; Barkana, Nature 

2018, based on Munoz et al 2015, based on Dvorkinet al. 2013)



Mill-chargedτDM explanation very tightly constrained
(Boddy et al., 2018; KovetzŜǘ ŀƭΦΣ нлмуΧΦ
ǘƘŜƴ άǊǳƭŜŘ ƻǳǘέ---Creque-Sarbinowskiet al. 2019)



Dark energy: Why does the vacuum 
weigh?

ÅQuintessence?
ÅAlternative gravity
ïf(R)?
ïGauss-bonet?
ïMassive?
ïBraneworlds?

ÅStrange neutrino interactions?
ÅPhantom energy?
ÅLandscape?
ÅOr is that just the way it is?



Avenues

ÅSupernovae, CMB, BAO, galaxy clustering, 
Alcock-Paczynski, redshift-space distortions, 
weak lensing, galaxy-ƎŀƭŀȄȅ ƭŜƴǎƛƴƎΧΦ

ÅNew probe: cross-correlation of galaxy surveys 
with kinematic Sunyaev-Zeldovich

ÅTools
ïGalaxy surveys (DES, Subaru-PFS, Hypersuprime, 

DESI, Euclid, WFIRST, LSST)

ïCMB:  ACT, SPT, Simons Observatory, CMB-{пΧ



The physics

ÅExpansion history

ÅCosmic Eddington experiment:  Use 
gravitational lensing to check spacetime 
metric around galaxies



Verde, Treu, & Riess2019

Problems with LambdaCDM?  Hubble tension?


