Final Key Project Combined Results
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Final HST Key Project Combined Results
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Published Values of the Hubble Constant (1980 — 2020)

Published Hubble Constants . . .
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History of the Hubble Constant...

With error bars
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History of the Hubble Constant...
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... Is a history of
overcoming systematic
effects (e.g., factor of 2)

The improvements have
been enormous.

But challenges remain.
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Precision vs Accuracy

Precision Accuracy



Current Status of Strong Lensing H, Measurements

Without assumptions on the radial mass density profile - and relying
exclusively on stellar kinematics to break the mass-sheet degeneracy -
the precision drops from 2% to 8%; i.e., insufficient to resolve the H,
tension.

The precision can improve to 2.5% with the further addition of
kinematics for 50 non-time-delay lenses. Expanding the samples to 40
time-delay and 200 non-time-delay lenses will improve the precision
to 1.5% and 1.2%, respectively.

Birrer, Treu 2019, 2021
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Potential New Physics Beyond A CDM, If Real

Another relativistic species (e.g., an additional neutrino or other ‘dark radiation’)
A different equation of state for dark energy fromw =-1
A decaying relic massive dark matter particle

Interacting dark matter and dark energy

Modified gravity
Non-zero spatial curvature

Additional early-universe physics (prior to recombination)




CMB+BAO+SNe+BBN vs CMB

Riess et al. (2019)
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CMB constraints are
orthogonal.

There is no single
parameter that can
simultaneously bring all
of the data into
agreement.

Planck Cosmology 2018



Suggested Tensions in the Standard Model:
Are There Effects at Greater than 2 to 3 sigma?

Amplitude (og ) differences between the CMB and cluster abundance
WMAP versus Planck TT power spectra

Planck high-€ versus low -8 data

Planck A, > 1 value
Core/cusp; satellite galaxies
Discrepancy between local direct and CMB estimates of the Hubble constant




