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Introduction
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• Analysis Preservation = enough info "made available" so 
results of analyses can be re-used decades into future.


• LHC Run3 = final word on many topics for a generation.  
Search results unlikely to be superseded until well into HL-
LHC. In some cases, not be superseded within span of the 
careers or lifetimes of the current collaboration members!


• "Made available": within ATLAS/CMS/Other (internal) vs 
outside (public). 
In my honest opinion: internal preservation is not helpful. 
We will all be outside of our collaborations one day.


• Single-use results are not impactful in long-term. Want 
easy re-interpretability to facilitate long-term impact.




Re-interpretation
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• Theorists: "What does your analysis result imply for my favourite  
model ?" (Or the model I will come up with 15 years from now)


• Search papers usually consider only one (or at most a few) models  
at a time: usually simplified, benchmark models. Can't cover everything!


• What if my model had slightly different kinematics? Or extra objects in event?


• Need strategies to answer these questions, even if only approximately... 
... without re-running a whole analysis!




Re-interpretation for measurements
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• For unfolded measurements: largely a solved problem. 
-> unfolding means that no detector simulation or smearing is needed.  
Compare truth-level predictions to truth-level data.


• (Almost) all measurements provide Rivet routine (runnable code snippet encoding 
fiducial region, validated by analysers, often cross-check for main analysis)


• Main challenge =  properly encoding correlations of observables+systematics

• Rivet and HEPData are automatically sync'd by construction

• -> This should be possible for STXS measurements... but as far as I know, isn't 

done routinely! (Easy win?)


• As a result, measurements can instantly and forever be compared to latest SM 
predictions. No further effort from theorists apart from doing what they do best.


• Rapid feedback to theory community




Re-interpretation for searches
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• Unfortunately, the situation is not as simple for Searches.

• Complex variables and cutflows

• Heavy use of ML: NNs and BDTs

• Detector level hard for theorists: no "blessed" ATLAS/CMS Delphes card

• No validated runnable code snippets systematically provided:  

theorists waste months validating their implementations, often give up.

• Sacrificing long-term impact (=citations) of ATLAS/CMS papers.


• A paper cannot ever really describe a fit structure in sufficient detail to always 
reproduce the results of the analysis 


• We don't always provide the right information that theorists want, and have  
no mechanism to augment the re-interpretation material after publication  

• But theorists WANT TO USE experimental results.




Theorists want to use experimental results... and 
they do when we empower them to!
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• Plots obtained by querying public 
information: citation numbers on 
inspire for all ATLAS search 
papers since 2013


• Separate by paper with HEPData 
entries versus those without


• ATLAS Papers with HEPData 
were cited on average 40% 
more.
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The LHC re-interpretation ecosystem 
A (simplified and biased) snapshot
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What sort of information is available 
on HEPData?



Digitised plots for limits, yields

and uncertainties
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• Avoids using WebPlotDigitizer...

• Uncertainties often provided, at least 

stat/sys typically, but often in more 
detail.


• Can be downloaded as YAML, ROOT, 
CSV... 


ATLAS Search for HH->yybb @ 13 TeV (link)

CMS Search H->Za @ 13 TeV (link)

https://www.hepdata.net/record/ins1995886
https://www.hepdata.net/record/ins2716400


Efficiencies
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• Many analysis provide efficiency maps


• In terms of various kinematic quantities


• Can help you select if you alternative 
model objects would pass an object or 
event selection, for re-interpretation 
purposes


ATLAS Search for resonant WZ-L>lvll (link)

https://www.hepdata.net/record/ins2107940


Likelihoods
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• Serialised likelihoods for use with 
pyHF fitting framework


• Allows you to replicate exactly the fit 
structure (hard to describe accurately 
in a paper!)


• Typically a bkg-only fit structure and a 
set of signals to inject.


13 TeV DM + H->tau tau (link): Likelihood available

https://www.hepdata.net/record/ins2182381


Cutflows and MC generation cards
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• HEPData records often 
contain cutflows for well-
defined signals, often with the 
corresponding instructions to 
generate THAT signal (eg 
SLHA, UFO files)


• Helps to validate your 
implementations of the 
selections


ATLAS 13TeV VBF H->inv (link)

https://www.hepdata.net/record/ins2033393


Code Snippets
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• Better than replicating a selection, is to 
provide runnable code snippet !


• Many ATLAS Searches do this with 
SimpleAnalysis. Measurements can do this 
in Rivet (could be done more broadly for 
Higgs measurements)


• SimpleAnalysis -> used to be "pseudo-
code", but now runnable since recently. 
-> https://simpleanalysis.docs.cern.ch/ 
-> https://cds.cern.ch/record/2805991


• Actually run the selection! only thing missing 
is smearing of truth->reco level quantities


RIVET: ATLAS Search for resonant WZ-L>lvll (link)

SimpleAnalysis: ATLAS 13 TeV DM + H->tau tau (link):

https://simpleanalysis.docs.cern.ch/
https://cds.cern.ch/record/2805991
https://www.hepdata.net/record/ins2107940
https://www.hepdata.net/record/ins2182381
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Nice example of search  
re-interpretations



A few examples of nice recasted results!
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Simplified model results
2302.02735 -> Recast LLP searches to 2HDM+a 
(same final states/kinematics, no event gen needed!)

Citations!

Makes use of: 
-  expected/observed limits

- paper information about 

benchmark model used

- Embeds simplified model 

in wider model



A few examples of nice recasted results!
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Simplified model results
Measurement-based pipeline

2105.08494 -> CONTUR exploiting Rivet of SM 
measurements, control-region measurements (and 
some searches) to search for dark mesons

CONTUR citing ATLASATLAS citing CONTUR

ATLAS-CONF-2023-021


Complementarity!

*Full disclosure: I am co-author of 
this CONTUR paper

Makes use of: 
-  Truth-level rivet 
routines (runnable 
code snippets)

- Published differential 
cross-sections 
- Published MC 
predictions for those 
cross-sections 
(important!)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-021/


A few examples of nice recasted results!
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Simplified model results
Measurement-based pipeline
Reco-level smearing pipeline

2112.05163 -> MadAnalysis 5 uses SUSY-2017-04 to 
set limits on long-lived vector-like leptons Issues with validation: potential 

problem with re-interpretation 
material (or analysis?)

Makes use of: 
-  Cutflows and benchmark model 
descriptions to write+validate 
runnable code snippet

- Per-object efficiency maps

This step could be made MUCH with 
SimpleAnalysis (but with smearing functions!)

(SA <-> MadAnalysis converter?)



One last thing: summary of the most recent Re-
interpretation Forum workshop
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https://conference.ippp.dur.ac.uk/event/1178/

Summary thanks to  

Luzhan (Tony) Yue!



One last thing: summary of the most recent Re-
interpretation Forum workshop
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• Software and Tools: updates from GAMBIT, CONTUR, CheckMATE, SModels, 
Mapyde (       Madgraph+Pythia+Delphes) teams, and others.


• HEPdata updates: Bidirectional linking: allows theory predictions to be linked to 
the records which use them, and vice versa 


• Shareability of stat and ML models: eg new tool spey, a hub of various likelihood 
implementations for hypothesis testing


• PDFs: updates on latest challenges and prospects of using LHC data 

• Re-interpretations: Updates on various recasting projects which make use of 
published searches and measurements. (W mass, MSSM,...)


Summary thanks to  

Luzhan (Tony) Yue!

New!

https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#24-gambit-update-and-results
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#22-progress-and-plans-for-cont
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#13-signal-region-combination-i
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#28-new-developments-in-smodels
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#10-reduce-reuse-recycle-an-end
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#38-bidirectional-linking-in-he
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#36-hep-statistics-serializatio
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#15-spey-smooth-inference-for-r
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#31-lhc-data-for-pdf-determinat
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#3-testing-the-scalar-triplet-s
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#5-global-constraints-of-the-el


Summary
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• Analysis Preservation is an important part of the analysis lifecyle:

• Analyses with HEPData entries have >40% more citations on average.


• There is a buzzing ecosystem of re-interpretation:

• Theorists are desperate to use experimental results if they can !

• Experiments can make their life easier by providing complete and validated material 

(+ avoid them making mistakes / using WebPlotDigitizer to scrape values)

• Good re-interpretation material mens more impactful results in the long run

• Lots of types of re-interpretation


• Experiments do put plenty of information on HEPData, ready to exploit!

• Sometimes you may find there is info missing to allow an accurate re-interpretation : it's 

important to let the collaborations know if that's the case, to try to do better next time

• Not always possible to fix things post-hoc (people move on...)


• Possible "easy win": include STXS results from Higgs in Rivet routines, so they can be more 
easily/automatically exploited in the "measurement based pipeline"?




BACKUP
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A few examples of nice recasted results!
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Simplified model results
2302.02735 -> Recast LLP searches to 2HDM+a 
(same final states/kinematics, no event gen needed!)
2306.17676 -> SModelS ML-assisted search of Z2-
symmetry model-space. Uses efficiency maps and 
preserved pyHF likelihoods 

Citations!

Makes use of: 
-  Published limits in ATLAS papers

- Per-object efficiency maps as a 

function of kinematics

- Pyhf likelihoods to repeat the fits



A few examples of nice recasted results!
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Simplified model results
Measurement-based pipeline

2105.08494 -> CONTUR exploiting Rivet of SM 
measurements, control-region measurements (and 
some searches) to search for dark mesons
2006.07172 -> CONTUR exploiting Rivet to  
exclude VLQ regions complementary to ATLAS

CONTUR sensitivity 
comes mainly from Z+jets 
measurements !

ATLAS exclusion at the 
time CONTUR paper 

published

EXOT-2018-58

Only superseded O(2) 
years later by ATLAS 

direct search

1808.02343

Some regions also excluded 
by Control-Region 
measurements from 2019 
LQ search!*Full disclosure: I am co-author of 

this CONTUR paper

Makes use of: 
-  Truth-level rivet routines (runnable 
code snippets)

- Published differential 
cross-sections 
- Published MC predictions for those 
cross-sections (important!)



A few examples of nice recasted results!
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Simplified model results
Measurement-based pipeline
Reco-level smearing pipeline

2112.05163 -> MadAnalysis 5 uses SUSY-2017-04 to 
set limits on long-lived vector-like leptons
2303.09082 -> GAMBIT uses 15 ATLAS searches 
from SUSY+EXOT+HDBS (+12 CMS) + CONTUR 
database to explore MSSM with eV-scale gravitino

Makes use of: 
-  Cutflows and benchmark model 
descriptions to write+validate 
runnable code snippet

- Per-object efficiency maps


