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HO Tension

e Distance ladder - local measurement :
* 75.2 + 1.5 km/s/Mpc (Riess et al 2020)
* 00.0 = 2.5 km/s/Mpc - TGRB (Freedman et al 2020)

* Value from CMB w/ ACDM: 67.4 + 0.5 km/s/Mpc (Planck 2018)
* Late- universe modifications

* Early-universe modifications



D, x 1/H,

HS : angular size of sound horizon at recombination
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A mix of free-streaming and interacting
radiation can minimize phase shifts at

high-£
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A mix of free-streaming and interacting
radiation can minimize phase shifts at

high-£

To fix low-Z behavior, we're motivated to
look at transitions in N ¢
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Dark sector with (strongly) interacting radiation
(massive and massless particles)

When the temperature drops below the
mass, massive particles annihilate to
massless DS particles
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Increases the relative temperature of the DS -
increase 1 NV,
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Dark sector with (strongly) interacting radiation
(massive and massless particles)

When the temperature drops below the
mass, massive particles annihilate to
massless DS particles
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O & Size of
transition

New dof for low-¢
part of spectrum

High- ¢ effects are
mostly degenerate

with other ACDM
params
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Cosmological Data

Planck 2018 - TT, EE, TE, and Lensing
BAO - BOSS DRi2, 6dF & MGS (small-z)

Direct measurement of H, -

Late-time direct measurements of primordial helium abundance:

Nyvy, ViR » 4,

* ACDM +N,
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Results

step

fluid
ACDM + Ng

ACDM
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63.5 68.33 73.15
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Nyv AN log10(ay) HO

13 67.09 70.81 74.52



