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Sales pitch for the talk

Jack Y. Araz2

❖ There is not enough information to 
construct a reliable likelihood 

❖ How can we enhance the accuracy of the 
simplified likelihoods? 

❖ Full likelihoods can become 
computationally intensive. Can we simplify 
them without sacrificing? (Spoiler alert: ML!) 

❖ There are many different software for 
hypothesis testing; how can we unify them?
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Outline

❖ What on earth is Spey? 
❖ Plans for world domination 
❖ Conclusion

Jack Y. Araz3

Reinterpretatio
n Reusability

Accessibility Single-M
alt

https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/


What on earth is Spey?
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Searches for new physics

5

Lagrangian

Image credit: Sherpa

https://sherpa-team.gitlab.io/monte-carlo.html#monte-carlo-event-generators


Searches for new physics

5

Smearing
Lagrangian

Image credit: Sherpa

Smeared MC  observed data⊕
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Searches for new physics

5

Smearing
Lagrangian

Image credit: Sherpa

Smeared MC  observed data⊕

I need to construct a 
statistical model, 

, 
to test my theory

ℒ(μ, θ) = ⋯
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6

Compute 
p-values

Generate 
samples

❖ Exclusion limits 
❖  analysis 
❖ POI upper limits 
And more…

χ2

$ pip install speyJYA, SciPost ’24

Spey demystified

https://pypi.org/project/spey/
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6

ℒA(μ, θ)

Compute 
p-values

Generate 
samples

❖ Exclusion limits 
❖  analysis 
❖ POI upper limits 
And more…

χ2

ℒB(μ, θ)

$ pip install speyJYA, SciPost ’24

Spey demystified

Experiment A:

Experiment B:
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Full likelihood

Simplified likelihood with 
effective sigma model
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ℒ′￼ = ℒATLAS ⊕ ℒCMS

Full likelihood
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Any analysis, 
regardless of their 

origin, can be 
combined for 

statistical 
inference
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See Aliya’s talk just 
after this one!NEW

Plug-in
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Possible queries: 
❖ Inspire HEP 
❖ doi.org 
❖ Zenodo

http://doi.org


ML integration in Spey
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spey.math.value_and_grad( )ℒ(θ)
spey.math.hessian( )ℒ(θ)

Differentiable programming

−
∂ log ℒ(θ)

∂θ −
∂2 log ℒ(θ)

∂θi∂θj

❖ Custom optimiser implementation 

❖ Using likelihoods in AI workflows 

❖ Developing new techniques

https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/
https://spey.readthedocs.io/en/main/


ML integration in Spey

Jack Y. Araz15

spey.math.value_and_grad( )ℒ(θ)
spey.math.hessian( )ℒ(θ)

Differentiable programming

−
∂ log ℒ(θ)

∂θ −
∂2 log ℒ(θ)

∂θi∂θj

❖ Custom optimiser implementation 

❖ Using likelihoods in AI workflows 

❖ Developing new techniques
Thanks to Nick Wardle, Sabine 

Kraml & Wolfgang Waltenberger
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❖ Custom optimiser implementation 

❖ Using likelihoods in AI workflows 

❖ Developing new techniques

See Rafal’s talk on Machine-

learning full likelihoods!Thanks to Nick Wardle, Sabine 
Kraml & Wolfgang Waltenberger
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Coming Soon: functional signal-based likelihoods

Jack Y. Araz16

ns ≡ αc2
1 + βc2

2
Click for 

the example! 
Meow
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Meow
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Come join! 
Statistics is fun! 

Really!
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