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Outline

❖What is Spey? 

❖What are we up to? 

✦ Signal uncertainties. 

✦ Spey-HS3 plug-in 

✦ Multi-POI Profiling and Confidence 
Intervals 

❖Future plans
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What is Spey?



Backend agnostic inference

HS3
Simplified 
likelihoods

Machine 
Learned Models
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What is the impact?

Jack Y. Araz6

Recast by 
MadAnalysis 5
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Full likelihoods include all the 
necessary information to mix and 

match nuisance parameters to 
combine them!

This analysis comes 
with three different 

super regions!
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Full likelihoods

9

Full likelihoods include all the 
necessary information to mix and 

match nuisance parameters to 
combine them!

This analysis comes 
with three different 

super regions!

[JYA; SciPost ’24]
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Towards global sensitivity

Jack Y. Araz10

ℒ′ = ℒATLAS ⊕ ℒCMS

Full likelihood

Simplified likelihood with 
effective sigma model

A combination of analyses, rather than 
regions, contains much more information!
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ATLAS © CMS

CMS–SUS–19–006 :

Spey°expected limit (±1æexp)
with eÆective sigma

ATLAS–SUSY–2018–31 :

Spey°expected limit (±1æexp)
with full statistical model

ℒATLAS ℒCMS

MSSM:  at GUT scaleM1 = M2 = M3 = MQ̃

pp → g̃g̃ → tt̄χ̃0
1

Original analysis:

pp → b̃1
¯̃b1( → bhχ̃0

2)

⊕
[JYA; SciPost ’24]
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What are we up to?
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Theoretical Uncertainties

12

ℒ(μ, θ) = ∏
i∈bins

Poiss(ni |μn(s)
i + θ(s)

i σ(s)
i + n(b)

i + θ(b)
i σ(b)

i ) ⋅ ∏
j∈nui

𝒩(θ(b)
j |0,ρ) ⋅ ∏

j∈nui
𝒩(θ(s)

j |0,1)

Current implementation

➡Does not work for theoretical uncertainties, leads to under exclusion



Theoretical Uncertainties
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Simplified likelihoods

with signal uncertainties

ℒ(μ, θ) = ∏
i∈bins

Poiss(ni |μn(s)
i + θ(s)

i σ(s)
i + n(b)

i + θ(b)
i σ(b)

i ) ⋅ ∏
j∈nui

𝒩(θ(b)
j |0,ρ) ⋅ ∏

j∈nui
𝒩(θ(s)

j |0,1)

Current implementation

➡Does not work for theoretical uncertainties, leads to under exclusion

ℒ(μ, θ) = ∏
i∈bins

Poiss n μn(i)
s ∏

j
f j
s(θ j,i

s , σ(i)
s ) + ni

b + Θσb ⋅ 𝒩(Θ |0,ρ) ⋅ ∏
j

𝒩(θ j
s |0,1)

fi,k(θi,k) = {
θi,k log (1 + Δ+

i,k), if θk ≥ 0
θi,k log (1 + Δ−

i,k), otherwise
✦One nuisance parameter per 

source of uncertainty e.g. PDF, 
scale etc.

Coming with v0.2.7, available in spey/uncertainties branch
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With Carsten Bugard, 
Simon Cello & 

Giordon Holtsberg

HEP Statistics Serialisation Standard (HS3)

pip install spey-hs3
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With Carsten Bugard, 
Simon Cello & 

Giordon Holtsberg

HEP Statistics Serialisation Standard (HS3)

pip install spey-hs3

HS3 Translator
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Functional Signal

How many parameters does your 
signal definition require?

Bounds on parameters

Multi-POI profiling & confidence intervals



Multi-POI profiling & confidence intervals
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In the pipeline

16

❖ Scalable SMEFT fits with measurements [with Jon Butterworth & Joe Egan] 

❖ Usage of Machine Learned likelihoods [with Sabine Kraml et al.] 

❖ Including theoretical uncertainties [with Luca Pannizi & Benjamin Fuks]

With Gianfranco 
De Castro 

HS3
With Carsten Bugard, 

Simon Cello & 
Giordon Holtsberg
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