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1. Simulation-based inference



Astrophysics and Cosmology: questions

S8? Λ?

H0? galaxy evolution



Astrophysics and Cosmology: data
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p(θ |x, M)



p(M1 |x) vs p(M0 |x)
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p(M1 |x) vs p(M0 |x)

p(θ |x, M)
Data x, Model M

Model parameters

 if you are interested in model comparison, see https://arxiv.org/abs/2305.11241 NJ & Wandelt

https://arxiv.org/abs/2305.11241


p(θ |x, M) ∝ p(x |θ, M) p(θ |M)

Parameter inference:

“Likelihood”



Draw  from the distribution  by running a simulation: xi p(x |θi)

{xi, θi}

Likelihood-free inference

p(x |θ) ?
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Simulated data 

p(x |θ) ?
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Normalising Flow

e.g. DELFI: Alsing et al. 1903.00007

Simulated data 

p(x |θ) ?
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Simulation-based inference in astrophysics  

1. Simulate mock data  

2. Compress mock data (optional) 

3. Estimate likelihood or posterior 

4. Evaluate for observed data



2. Forward-modelling 
             with the Gower Street simulations



Accuracy 

Realistic forward modelling 
+ 

Simulation-based inference

Precision 

Beyond standard statistics  
(e.g. power spectra)





Gower St (DiRAC) Simulations



Gower St Simulations: parameter values



Systematics modelling

Intrinsic alignments



3. Results —  
            and how do we know this is right?



Observables (summary statistics) 
1. Power spectrum: 2-point correlation 

2. Peak counts: counting number matter peaks 

3. Map-level compression



Neural 

compression

Extracting cosmology directly from the dark matter map





How do I know this is right?



How do I know this is right?



Injecting systematic error



How do I know this is right?
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Summary 

• New simulation-based inference results improve: 

• Accuracy — permits realistic data modelling and novel validation  

• Precision — this is the most constraining weak lensing analysis to date 

• Future of reliable & more precise cosmology  

• Gower Street simulations are now available

New DES results: https://arxiv.org/abs/2403.02314 ; NJ et al. DES Collaboration  
+ if you are interested in model comparison: https://arxiv.org/abs/2305.11241 NJ & Wandelt

https://arxiv.org/abs/2403.02314
https://arxiv.org/abs/2305.11241

