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● Modified gravity, fifth forces & screening

● Unscreening the distance ladder

● Screening properties of Cepheids in SH0ES

● Effect on H0 ⇒ Possible reduction of tension to 2σ

● Extension to TRGB  Completely resolve tension⇒  

Outline



  

Why modified gravity?

● Self-accelerate the Universe’s expansion (dark energy)

● Dark matter

● Tensions within ΛCDM

● General deviation from Einstein–Hilbert



  

● Generic extensions to the standard model couple new dynamical 
fields to matter

● ⇒ New (fifth) forces, described by strength ΔG/GN and range 1/m

The Fifth Force



  

● Generic extensions to the standard model couple new dynamical 
fields to matter

● ⇒ New (fifth) forces, described by strength ΔG/GN and range 1/m

● Strongly constrained by local tests

● Lab: torsion balance, atom interferometry…
● Solar System: Lunar Laser Ranging, planetary orbits, 

Cassini...

The Fifth Force



  

Fifth force goes away in dense environments

Screening Mechanisms



  

Fifth force goes away in dense environments

Chameleon:  meff → ∞  (e.g. f(R))
Kinetic:  ∂φ → ∞  (e.g. K-mouflage)

Symmetron & Vainshtein:  ΔG → 0  (e.g. Galileons, DGP)

Chameleon Symmetron Vainshtein

Screening Mechanisms



  

Higher G → more luminous & shorter lifetime

Equilibrium:

Effect of Modified Gravity on Stars



  

Higher G → more luminous & shorter lifetime

Equilibrium:

Out of equilibrium:
Higher G → faster oscillations / pulsations
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Effect of Modified Gravity on Stars



  
Riess+2016

Perlmutter+1999

The cosmic distance ladder is made of stars



  

Freedman 2021

The Hubble Tension



  

● Assume MW and N4258 are 
screened ⇒ calibrate 
Newtonian PLR (grey)

● In a SN host, the standard 
analysis infers L=L0 at 
measured P, but really it’s L1 
or L2

● Underestimated L ⇒ 
underestimated D ⇒ 
overestimated H0 ~ cz/D

Unscreening the Distance Ladder

Cepheid period–luminosity relation



  

A ≈ 1.3

Quantifying Fifth Force Effects

Oscillations

Brightness

B ≈ 4

Determined using stellar structure 
simulations with 

(Modules for experiments in stellar astrophysics)

Instability strip



  

● Proxies for screening:

● Galaxy luminosity

● Galaxy dynamical mass

● Halo virial mass

● Externally sourced Newtonian potential, acceleration and 
curvature within 0.5–50 MpcE[HD+2017]

● Local dark matter density    [Sakstein, HD & Jain 2019,  arXiv:1907.03775]

● Determined from NED/EDD data, N-body sims, structure formation 
models & models of galaxy–halo connection

Screening Properties of Cepheids

https://arxiv.org/abs/1907.03775


  

Screening Properties of Cepheids

Galaxy luminosity Environmental potential

50 
Mpc

5 
Mpc

0.5 
Mpc



  

● Consistency of Cepheid 
& TRGB distances →

● Also: Scatter in Cepheid 
period–flux relation 
should be minimised for 
correct fifth force

● As should difference in 
inferred SN abs. mag. 
between screened and 
unscreened 
subsamples

Maximum Fifth Force Strength: Consistency 
Tests within the Ladder                         

Freedman+2019



  

Effect on H0



  

Effect on H0

● Best models achieve ~2σ 
consistency with Planck

● Fifth force ~15% strength 
of gravity for only 
envelope unscreened, 
~5% for fully unscreened



  

Screened Fifth Forces lower the TRGB-
calibrated Hubble Constant too

50 
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Galaxy luminosity Environmental potential



  

Several screening models fully resolve the tension within the Cepheid–TRGB 
consistency constraint, even starting from the larger Yuan+2019 H0 value



  

● Novel local resolutions of Hubble tension possible

● Screened fifth forces very well motivated theoretically, and empirically 
useful too

● Cepheid period–luminosity relation is offset between screened and 
unscreened galaxies, biasing distances if assumed to be universal

● Best models reduce tension to ~2σ, without botching other parts of the 
distance ladder

● Works even better for the TRGB-calibrated ladder!

● Most concretely-realised screening mechanisms not viable, but baryon–
DM interaction model could be

Conclusions



  

Also talk to me about...
Galaxy dynamics & MOND Symbolic regression

Field-level inference & 
constrained simulations

Bulk flows & anisotropies

Qin+2021

Bartlett, HD & 
Ferreira 2023HD 2023

Bartlett+ (inc 
HD) 2022

2M++ galaxies
DM decay signal



  

Extra Slides
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