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• Many domains of science have developed complex simulations to 
describe phenomena of interest. 

• While these simulators provide higly sophisticated models, they are 
poorly suited for inference and lead to challenging inverse problems.  

• The source of the challenge is that the probability density (or likelihood) 
for a given observation is typically intractable. Such models are often 
refered to as „implicit” models. 

• The often used solution is to construct poweful  summary statistics 
(observable) and compare observed data to simulated data. This 
approach have been used for Higgs discovery in a frequentist paradigm.  

• Alternative technique known as Approximate Bayesian Computation 
(ABC) compares observed  and simulated data based on some distance 
measure involving the summary statistics. ABS ,ethods is widely used in 
population biology, computational neuroscience, cosmology.  

Simulators and inference 
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High-fidelity simulators in Science 

3 



Statistical framing 
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• The class of inference methods for stochastic 
simulator where  

– evaluating the likelihood  is intractable 

– it is possible to sample synthetic data x ~ p(x|q) 

 

• One usually approximate likelihood or likelihood 
ratio and then uses established inference 
techniques. 

Simulation based inference 
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• Inference is always done within cotext of a model 
– If the model is mis-specified it wil affect inference 
– Here the model is the simulator 

• The simulator may not be perfect 
• Simulators usually include more effects than traditionally prescibed 

models 
 

• To account for mis-modeling, simulators are often extended 
in numerous ways 
– Often these extensions are not based on first principles but    

ad-hoc/practical parameters 
– The simulator now also depends on nuisance parameters n 

Model mis-specification 
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Statistical framing 
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The particle physics context 
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The likelihood is a key object 
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Modeling particle physics processes 
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Modeling particle physics processes 
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Modeling particle physics processes 
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Modeling particle physics processes 
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Modeling particle physics processes 
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Modeling particle physics processes 
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Modeling particle physics processes 
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Detector simulation 
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Detector simulation 
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Detector simulation 
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An intractable integral 
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Two approaches for simulation based inference 
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What we usually do: number counting or single 
differential 
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Inference by estimating the likelihood 
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Combined fits for Higgs discovery 
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Colaborative statistial modeling 
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Summary statistics for LHC? 
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Solve by approximating the integral 
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What if we could estimate the likelihood… 

28 



Learning the likelihood ratio 
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NN = A highly flexible family of functions 
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Learning with Augmented Data 
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Gold mining: augmenting the training data 
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More precise likelihood ratio estimates with less  training 
data 
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Mining gold from the simulator 
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The value of gold 
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The value of gold 
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Learning with augmented data 
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Learning the score (related to optimal observables) 
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Challenge for EFT 
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EFT Embeded in a vector space 
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EFT Embeded in a vector space 
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EFT decomposition 
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Locally sufficient statistics 
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Perfect match for EFT measurement 
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Wrap-up of simulation-based  inference  method 
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Discussion 
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• Machine learning can help us get more out of our 
simulators 
– It can provide effective statistical models 

 

• Our understanding how to leverage our prio physics 
knowledge while letting machine learning do what            
it’s good at is maturing. 
– build in robustness to systematics uncertainty 
– ability to inject and extract physics knowledge from models 
– exploit symmetries, hierarchical structure of data 

 

• Harnessing full potential of theses techniques requires 
augmenting existing simulators. 

Conclusions 
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