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H0 Tension
• Distance ladder - local measurement :   

• 73.2  ±  1.3  km/s/Mpc (Riess et al 2020) 

• 69.6  ±  2.5  km/s/Mpc - TGRB (Freedman et al 2020) 

• Value from CMB w/ :  67.4  ±  0.5  km/s/Mpc  (Planck 2018) 

• Late- universe modifications 

• Early-universe modifications 

ΛCDM
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rS

θs

DA ∝ 1/H0

θs : angular size of sound horizon at recombination
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But a CDM +   model is too 
constrained 

Λ Neff

Planck 2018
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Planck 2018

~ 3   tension σ



ln ≈ [nπ − ϕ(Rν)]
DA(H0)
rs(Neff)

Constant phase shift-dependentℓ
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Baumann et al 1508.06342 
Bashinksy & Seljak 0310198  



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

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

high-ℓ

To fix low-  behavior, we’re motivated to 
look at transitions in 

ℓ
Neff
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Model:  
Dark sector with (strongly) interacting radiation 
(massive and massless particles)
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When the temperature drops below the 
mass, massive particles annihilate to 
massless DS particles



Model:  
Dark sector with (strongly) interacting radiation 
(massive and massless particles)

Features:  
• Increases the relative temperature of the DS - 

increase in  

 

Nint

Neff(a) = Nfs + Nint(a)
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Model:  
Dark sector with (strongly) interacting radiation 
(massive and massless particles)

Features:  
• Increases the relative temperature of the DS - 

increase in  

 
• Temporary drop in pressure, in the fluid, near 

the transition

Nint

Neff(a) = Nfs + Nint(a)
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New dof for low-  
part of spectrum

ℓ

High-  effects are 
mostly degenerate 
with other  

params

ℓ

ΛCDM
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size of 
transition
δ ∝



• Planck 2018 - TT, EE, TE, and Lensing 

• BAO - BOSS DR12, 6dF & MGS (small-z) 

• Direct measurement of  -  km/s/Mpc 

• Late-time direct measurements of primordial helium abundance:  

H0 73.2 ± 1.3

Yp = 0.2449 ± 0.0040

Cosmological Data 

Parameters:  
•  ,  
•  + 

NUV, NIR at

ΛCDM Nν
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