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Modifying Gravity: Why Horndeski Theory?
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Modifying Gravity: Why Weak Gravity?

What happens to cosmic structure formation?

less 
structure

more 
structure

matter power spectrum

▪ generate enhanced growth
▪ stronger gravity

▪ generate suppressed growth
▪ weaker gravity 

weak gravity cosmological description

𝜇 ≡modification of the Poisson equation
𝑘2Ψ = −4𝜋 𝐺𝝁 𝒌, 𝒛 𝑎2𝜌Δ

𝜇 < 1 ↔ weaker gravity than GR 
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Why Weak Gravity? – The S8-tension

KiDS-Legacy

Heymans+ 2021

KiDS-1000

Stölzner+ 2025 
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phenomenology/
observable

Lagrangian

theory landscape phenomenological
behaviour

Connecting theory and observations
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1) describe perturbations
2) find parameterisation
3) include conditions 
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Description of 
perturbations

background
linear 

perturbations

𝐻(𝑧) or 𝜌𝐷𝐸(𝑧) 𝛼𝐵 𝑧 , 𝛼𝐾 𝑧 ,
𝛼𝑀 𝑧 , (𝛼𝑇 𝑧 )

Bellini & Sawicki 2014
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theory landscape phenomenological
behaviour

Connecting theory and observations:
The 𝛼-basis 

𝜇 < 1

𝜇 < 1

the 𝛼-basis

𝛼𝐵 𝛼𝑀

𝛼𝐾 𝛼𝑇

avoiding gradient and ghost instabilities Bellini & Sawicki 
2014
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mochi_class
developed by Matteo Cataneo and Emilio Bellini

redefine the basis functions to fulfill the stability criteria

𝛼𝐵 𝛼𝐾

𝛼𝑀 𝛼𝑇

𝑐𝑠
2 > 0

𝐷𝑘𝑖𝑛 > 0

𝛼-basis

𝑐𝑠
2 𝐷𝑘𝑖𝑛

Δ𝑀2 𝛼𝑇

stable basis

> 0 > 0

> −1 = 0

Kennedy+ 2018
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weak gravity conditions

Parameterisation and Conditions:

𝜇 < 1

generative ML methods parameterisation-free 
exploration

𝜇∞ =
1

𝑀2
1 +

(𝛼𝐵 + 2𝛼𝑀)
2

2 𝑐𝑠
2𝐷𝑘𝑖𝑛

positive 5th force
can generate 
suppression
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theory landscape phenomenological
behaviour

Connecting theory and observations:

𝜇 < 1

𝜇 < 1

stable basis

𝑐𝑠
2 𝐷𝑘𝑖𝑛

Δ𝑀2 𝛼𝑇

generative ML methods


