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Preservation of experimental analyses

Les Houches Recommendations (EPJC ‘12)

Reinterpretation Forum Report (SciPost ’20)

• Exploiting the full potential of the experiments (for new physics) 

- Designing new analyses (based on MC simulations) 

- Recasting analyses (The legacy of the experiment) 

• Data preservation in HEP is mandatory 

- Going beyond raw data via analyses 

• Related tools need to be supported by the entire community 

- Both theorists & experimentalists 

• Universal recasting tool

Jack Y. Araz 
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Image credit: Sherpa

Smearing
Lagrangian

Smeared MC + observed data
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Signal Events

Detector Simulation

Recast

Exclusion limit 
calculation

Cut-flows   uncertainties

Validation

TH uncertainties, luminosity extrapolations 
simplified and full likelihoods

Alguero, JYA, Fuks, Kraml; SciPost ‘23

De Favereau et al; JHEP ‘14

JYA, Fuks, Polykratis EPJC ’21

JYA, Frank, Fuks EPJC ‘20EIC
Jack Y. Araz 
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Signal Events

Detector Simulation

Recast

Exclusion limit 
calculation

JYA, Fuks, Polykratis EPJC ’21

Reconstructed object level or Parton level 
object smearing, tagging and reconstruction 

efficiency implementation

Delphes-based simulation design

De Favereau et al; JHEP ‘14

Tools for jet substructure analyses

JYA, Buckley, Fuks EPJC ’23

Particle propagator for LLP searches

JYA, Fuks, Goodsell, Utsch EPJC ’22

Jack Y. Araz 
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Reusable analysis framework

Stress free 
exclusion limits

Im
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Detector 
Simulation

Recast

SFS@Ma5 or Delphes

New theory 
LagrangianSignal Events

Blackbox

Is excluded?

Yes

No Yay!

Dumont, Fuks, Kraml, et. al. EPJC ’15 Jack Y. Araz 
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From their conclusion:

Why reusable analysis framework?
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Measurements can be used to exclude new physics.  
They have shown compatible results to searches!

arXiv: 2111.15406

Jack Y. Araz 
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What will we need from EIC?

• Detailed cutflows 

• Accurate detector parametrisation (see the EIC 
technical report) 

• Collaboration with experimentalists is 
essential to develop reliable tools. 

• Numbers published by the experimental 
collaborations are typically far away from 
being a complete representation of the 
statistical model.
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MadAnalysis 5°exclusion limit
with simplified likelihood

MadAnalysis 5°exclusion limit
with best signal region

Implemented by 
CMS collaboration

Extended SM with a generic DM, , and mediator, χ Φ

Alguero, JYA, Fuks, Kraml; SciPost, arXiv: 2206.14870

See Ernst’s talk 
from Tuesday

Jack Y. Araz 

https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009


Public Likelihoods
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Slide from Kyle Cranmer

Jack Y. Araz 



Public Likelihoods
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Slide from Sabine Kraml

Alguero, JYA, Fuks, Kraml; SciPost, arXiv: 2206.14870
First implementations:

Alguero, Kraml, Waltenberg arXiv: 2009.01809

Jack Y. Araz 
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ATL-PHYS-PUB-2019-029

Jack Y. Araz - Spey

Simplified likelihoods 
from CMS

CMS-NOTE-2017-001

Full likelihoods 
from ATLAS

Statistical ModelsPublic Likelihoods

Jack Y. Araz16

❖ Experimental searches often employ the Likelihood for 
parameter estimation in some underlying physics model 
(also for discovery and setting limits) 

❖ Searches often consider multiple channels and bins 
simultaneously. 

❖ We are interested in POI,  (e.g. signal strength or 
Wilson coefficients). 

❖ Additional parameters ( ) account for systematic 
uncertainties in the model (nuisance parameters) - 
these are often constrained in some external 
measurement/by theory/additional data, 

μ

θ

𝒞(θ)
ℒ(μ, θ) = ∏

i∈channels
∏

j∈bins

ℳ(nij |λij(μ, θ)) ⋅ ∏
k∈nui

𝒞(θk)
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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!

Recast by 
MadAnalysis 5
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JYA, SciPost; arXiv: 2307.06996

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://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.14.1.009
https://doi.org/10.21468/SciPostPhys.16.1.032
https://doi.org/10.21468/SciPostPhys.16.1.032
https://doi.org/10.21468/SciPostPhys.16.1.032
https://doi.org/10.21468/SciPostPhys.16.1.032
https://doi.org/10.21468/SciPostPhys.16.1.032
https://doi.org/10.21468/SciPostPhys.16.1.032
https://doi.org/10.21468/SciPostPhys.16.1.032
https://doi.org/10.21468/SciPostPhys.16.1.032
https://doi.org/10.21468/SciPostPhys.16.1.032
https://doi.org/10.21468/SciPostPhys.16.1.032
https://doi.org/10.21468/SciPostPhys.16.1.032
https://doi.org/10.21468/SciPostPhys.16.1.032
https://doi.org/10.21468/SciPostPhys.16.1.032


Full Likelihoods

23 Jack Y. Araz 

https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard
https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6463/
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250
https://docs.google.com/presentation/d/10m_4QeIf5QrZ07zAwzgDAmznNnbjXamsiZf7nluLAus/edit#slide=id.g1e49610eee1_0_250


Towards global sensitivity
ℒ′ = ℒATLAS ⊕ ℒCMS ⊕ ℒEIC ⊕ ℒCosmology ⊕ ⋯

Add your favourite experiment here

Jack Y. Araz 
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ℒ(μ, θ)

Origin: doesn’t matter! Compute 
p-values

Generate 
samples

Exclusion limits,  
analysis, POI upper 

limits…

χ2

Combine

ℒ(μ, θ)All d
ifferentiable

JYA, SciPost; arXiv: 2307.06996
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A combination of analyses, rather than 
regions, contains much more information! Recast by 

MadAnalysis 5

MSSM:  at GUT scaleM1 = M2 = M3 = MQ̃See Hongkai’s 
talk from Monday

Combining statistical 
models will improve 
overall sensitivity! 

Potential im
pact

JYA, SciPost; arXiv: 2307.06996
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Slide from Humberto Reyes

JYA, Reyes, Maselek, Kraml, Waltenberger; arXiv: 24xx.xxxxx
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You can reproduce the results of ML if I give 
you the weights and architecture, can’t you?

Spoiler alert: No!
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JYA, Buckley, Kasiecka, et al.; arXiv: 2312.14575

Snowmass 2021: Data and Analysis 
Preservation, Recasting, and Reinterpretation

❖ Any observable that is used as a feature in ML has to 
be accurately reconstructable, e.g. b-tagged input 
with imperfect smearing. 

❖ Unknown boundaries for input features.

Why not? E.g. Extrapolation with ML

Recommendation highlights

❖ Input features should not include detector-specific arguments, such as hits. If this is needed, the 
analysis should be shipped with a surrogate model. 

❖ Extensive metadata, which specifies the domain limits of the input parameters, is needed. 
❖ The model should be shipped in ONNX format, which is resistant with respect to the version 

dependencies.

Jack Y. Araz 
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Conclusion

❖ Reinterpretable analyses are essential for the preservation of the experimental 
results. 

❖ Providing the full or simplified likelihoods allows for a much more accurate 
representation of the results. 

❖ ML has a very important role in data analysis. Reusability should be kept in mind 
early on. 

❖ MadAnalysis collaboration is taking the necessary steps to provide the toolset 
needed for reusable analyses by the HEP community, and we are happy to work with 
experimentalists to enable a reinterpretable workflow early on for EIC.

Jack Y. Araz32 Jack Y. Araz 


