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The Hubble tension
= CMB vs SH0ES? No!

Large Scale Structure

See also: 

Ivanov+ 1909.05277, D’Amico+ 1909.05271, Tröster+ 1909.11006  

Evan McDonough

MIT (➔ KICP)

(Result : H0 = 68.6 ± 1.1 km/s/Mpc)



Early Universe Solutions: 

Appease the CMB
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Two-field destabilization 

1st order PT [Niedermann & Sloth, 1910.10739]

Neutrinos [Sakstein & Trodden, 1911.11760)] 


Early Dark Energy

The canonical model Parameterization

Many Models!
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[EM, Alexander] [arXiv:1904.08912]

Example: Trigger Field Models:

V(ϕ) = m2f 2 (1 − cos
ϕ
f )

n

Ultralight: m ∼ H(zeq) ∼ 10−27eV

10% of the universe at f ≲ Mpl

Dark EnergyRapid Decay
z > zc :z < zc :

zc

fEDE

ρϕ

ρtot

z

z ∼ zeq :

n ≥ 2 (w ≥ 1/3)Hidden from Late Universe:

[Poulin+ 1811.04083] 
[Smith+ 1908.06995]

See also: 

non-minimal coupling [Gonzalez, Mark P. Hertzberg, Rompineve]

decay into gauge fields [Ballesteros,  Notari,  Rompineve] [Berghaus,Karwal]

https://arxiv.org/abs/1908.06995


A Recipe for the CMB

 (CLASS-EDE code on GitHub)

Early ISW

Silk Damping

Raise ns! 
0.966—>0.989

1. Add your EDE

2. Add 5% more DM

3. Pump up small-scales
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LCDM with H0=68 , 

EDE with H0=72

<1% change  
from LCDM



Large Scale Structure
More than 1 or 2 numbers!

Impact is

 worse at ‘high’ redshift 

Changes in LCDM params boost P(k) on 
small scales. 


The EDE itself acts to suppress modes inside the horizon before EDE decays

10% change
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(CLASS-EDE code on GitHub)
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10% change

[1708.01530]

Compare P(k):

Inferred from DES data

LCDM fit to CMB, SH0ES

EDE fit CMB, SH0ES

LSS Data

Case Study: The Dark Energy Survey

z = 0.15 − 0.30 z = 0.30 − 0.45 z = 0.45 − 0.60 z = 0.60 − 0.75 z = 0.75 − 0.90

z = 0.525



Let’s get to work. Data Sets:
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CMB Temperature and Polarization: Planck 2018 TT, TE, EE

Large Scale Structure:


• Planck 2018 lensing

• BAO: 


• 6dF galaxy survey

• SDSS DR7 main galaxy sample

• SDSS DR12 BOSS LOWZ+CMASS


• Redshift Space Distortions BOSS DR12

• Dark Energy Survey 3x2pt

• S8 from HSC, KiDS

SH0ES 2019:

Supernovae: Pantheon: relative luminosity of 1048 SNeIa in 0.01 < z < 2.3

Chains available on Flatiron Servers: 
https://users.flatironinstitute.org/~chill/H20_data/

H0 = 74.03 ± 1.42 km/s/Mpc

(S8 ≡ σ8 Ωm /0.3)

CMASS (angle averaged)



Results: Tight Constraint, No Concordance

fEDE < 0.060 (95 % CL)
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Chains available on 
Flatiron Servers:

https://
users.flatironinstitute.org/
~chill/H20_data/

Peak “proof” of EDE:
H0 tension = 1.7σ

fEDE ∼ 10 % > 0 at 3.1σ

fEDE

H0

EDE < 2σ
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3.3σ tension SH0ES
H0 = 68.92+0.57

−0.59 km/s/Mpc
(Compare to HΛCDM

0 = 68.33 ± 0.36 km/s/Mpc)

H0
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A more careful analysis of LSS?
Modeling of non-non-linear P(k):


Use of “Fitting Formulas” for Non-Linear Matter Power Spectrum?

Cosmology-Dependence of BOSS Likelihood?
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Likelihood 

Calibrated to N-body simulations of LCDM!
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e.g. HALOFIT, HMCODE

 3D P(k) Data

+ covariances, etc.

Fiducial LCDM

 Cosmology


[Planck priors]


fσ8



The Effective Field Theory of 

Large Scale Structure


“EFT of LSS”
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Lots of Important Developments:


Recent Successes:

1. CMB-independent measurement of DM density, H0

2. Neutrino Masses [Ivanov, Simonovic. Zaldarriaga, 1909.05277 ] 

[D’Amico+1909.05271]

[Carrasco, Hertzberg, Senatore, 1206.2926.] 
[Baumann, Nicolis, Senatore, Zaldarriaga, 1004.2488] 

Nuisance 
Parameters,


marginalized over in 

Bayesian analysis
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H0 = 68.54+0.52
−0.95 km/s/Mpc

3.6σ tension with SH0ES

fEDE < 0.072 (95 % CL)

Results: Planck + BOSS Data

See paper for 

more results:


+S8 ⇒ fEDE < 0.053

[Ivanov, EM, Hill,  
Simonovic, Toomey,   

Alexander, Zaldarriaga] 
[arXiv:2006.11235]

See also D’Amico+ 
[arXiv:2006.12420]

Euclid forecast:

⇒ fEDE < 0.012



Where to go from here?

Ways forward for the Hubble tension:  
• Early+Late Hybrid Resolutions

• Interacting Dark Sectors

Apply New Technology to Ultralight Axion Dark Matter  
 (e.g. Constraint on fraction of DM)
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LSS Constraints on BSM Physics  



Thanks!



Extra Slides



Summary


[Hill, EM, Toomey, Alexander] 
[arXiv:2003.07355]

(undo the  
Early ISW)

[Ivanov, EM, Hill,  
Simonovic, Toomey,   

Alexander, Zaldarriaga] 
[arXiv:2006.11235]

H0 = 68.96+0.55
−0.58 km/s/Mpc

3.3σ tension with SH0ES

 What say ye, Large Scale Structure?

H0 = 68.54+0.52
−0.95 km/s/Mpc

3.6σ tension with SH0ES

DES : S8 = 0.773+0.026
−0.020

S8 ≡ σ8 Ωm /0.3

LSS breaks the degeneracies of the EDE model

(along with ns)

(EFT)
(EFT)

66.0 67.5 69.0 70.5 72.0

H0

Evan McDonough

MIT (➔ KICP)

See also D’Amico+ 
[arXiv:2006.12420]



(The First Ever) EDE Fit To CMB: 

New Degeneracies
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S8 ≡ σ8 Ωm /0.3

S8 = 0.773+0.026
−0.020

S8 ≡ σ8 Ωm /0.3

But note!

Artists Rendering:

S8

H0

𝚲CDM EDE

DES

Hope for  
a resolution!

Chains available on Flatiron Servers:

https://users.flatironinstitute.org/~chill/H20_data/



Results: Tight Constraint, No Concordance
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Chains available on 
Flatiron Servers:

https://
users.flatironinstitute.org/
~chill/H20_data/

Peak “proof” of EDE:

3.3σ tension SH0ES

(Compare to HΛCDM
0 = 68.33 ± 0.36 km/s/Mpc)

H0 tension = 1.7σ
fEDE ∼ 10 % > 0 at 3.1σ

fEDE

H0

EDE < 2σ



EDE Meets BOSS Data
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Marginalize over 

EFT params
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EDE vs LCDM:
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H0 = 68.54+0.52
−0.95 km/s/Mpc

3.6σ tension with SH0ES

fEDE < 0.072

Results 1: BOSS Data



Results 2: BOSS Data + Prior on S8 from DES, HSC, KiDS
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H0 = 68.73+0.42
−0.69 km/s/Mpc

fEDE < 0.053

HΛCDM
0 = 68.13 ± 0.38 km/s/Mpc

Compare to ΛCDM :



Euclid Forecast
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A note on Pantheon

Not calibrated! —> No absolute luminosity

Evan McDonough

MIT (➔ KICP)



Priors I fEDE, zc vs f, m
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Priors II
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Priors III

66.0 67.5 69.0 70.5 72.0

H0

3.3σ tension with SH0ES



More on the EFT

Substantially improved constraint 



BAO measurement of H0

DM weakly dependent on H0




