Oscillating scalar fields and
the Hubble tension: a
solution with novel features
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CMB as a standard ruler
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Early dark energy and the Hubble tension

Poulin, Smith, Karwal,

o« Studied ‘cycle-averaged’ (Cesz = (O0P)/{6p)) in PRL 122 (2019) x.mionkowski
e Solved exact (linear) equations in 1908.06995 Smith, Poulin, and Amin
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See also ‘Acoustic Dark
Energy’, Lin++ 1905.12618

e The EDE cosmology fits cosmological observations just as well as
ACDM



Novel prediction: Non-linear structures from the EDE

* The linear Klein-Gordon equation exhibits parametric resonance: modes passing
through the resonance band experiences growth, potentially becoming non-

linear. e.g. Amin++ 1410.3808
4 = .= , . .
n=20,=3 Amin, Lozanov, and Smith, in prep.
e 2 1.4x 10712}
S 1.2x10712¢
% 0 < Lx107"¢
N = 8.x10713}
<y & 6.x10713}
4.x10713¢
] z = 300.0 2.x 10713}
—4 b — Y S N N
0340 0345 0350 0355 0360 0365 0370 1.x10716  2.x 10716 5.x10716  1.x10715
k [h/Mpc] f1Hz|

* GWSs and non-linear structures may have observable consequences in the small-scale
CMB

e May produce features in TT power spectrum at small scales (£ ~ 3000 & 6000)

CMB-HD, Sehgal++ 1906.10134



e LSS will provide useful information

DES
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Early dark energy and the LSS
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Early dark energy and EFT of LSS

EFT+BAO+SNe+CMB/1pEDE(Pk) Smith++ arXiv:2009.10740
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Detecting the EDE with CMB data only

* Future CMB experiment like CMB-S4 will be able to detect the EDE without SHOES data.
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Conclusions

An EDE can resolve the Hubble tension and fit other cosmological datasets
Planned CMB missions (i.e., CMB-54) will see the EDE if it is there!

Unique predictions: if V(¢) = A¢* around minimum, parametric resonance leads to

late-time (z ~ 10 — 100) non-linear scalar field dynamics (including GWSs)
Makes LSS predictions

May fit into a larger class of scalar fields/mechanisms




