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Expansion and the Hubble Constant

» The expansion rate of the universe is encoded in the hubble
parameter H.

ds® = —dt* + a?(t) (dr® 4 17dS)

g = /% Z pi (Friedmann)

» One can infer the present-day expansion rate Hy through a
variety of early-time and late-time measurements.
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Figure Sources: Planck (arxiv:1807.06209), Riess et. al. (arxiv:2012.08534)



The Hubble Tension

» Early-time and late-time
measurements of Hy have
yielded different results,
leading to a statistical
tension of 4-60.

» Early: ~67 km/(s Mpc)
Late: ~73 km/(s Mpc)

» This has been particularly
resistant to satisfactory
theoretical explanation.
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Figure Source: Valentino et. al.
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A New Mechanism: Superradiance

» One possible model of dark matter is a population of
primordial black holes.

» For spinning black holes, energy can be extracted via
superradiance (field theoretic version of the Penrose
process).

» Massive boson fields (¢) occupy quasi-bound hydrogen-like
states made available in the ergosphere, forming a
superradiant cloud.
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» Inverse decay (£ C %¢3) can ionize particles from the black
hole and endow them with relativistic velocity (~0.86¢).

» This yields a gradual conversion of CDM to warm dark
matter (maximum ~10% of initial PBH energy).

» Together with modifications of base ACDM parameters,
late-time increase of H can be achieved.
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Perturbative Effects
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Perturbative Effects

» Warm dark matter exhibits a non trivial equation of state
w = P/p.

> Exact calculation of perturbations is computationally
expensive, so we use a fluid approximation.
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Simultaneous Fits

» For consistency with early-time measurements, the CMB
spectra must remain largely unchanged, except perhaps for
low .

» An example of the effect of the model is shown below.
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Conclusion

» Alleviating the Hubble tension while maintaining a
simultaneous fit to CMB data appears possible.
» A parameter scan and checks against the matter power

spectrum are necessary to ensure all datasets are consistent
with this hypothesis.
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