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CMS full statistical model release

• The first public CMS statistical model is out!   

• Citable public release on new-cds.cern.ch   

Release contents:  

- Combine datacards (statistical model) 

- documentation (Combine version, 
instructions to reproduce main results) 

- Systematic uncertainties description (html)

[DOI: 10.17181/2cp5k-ggn24]

http://new-cds.cern.ch/
https://new-cds.cern.ch/records/c2948-e8875
https://new-cds.cern.ch/records/c2948-e8875
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CAT-23-001 is submitted to CSBS
• Paper submitted CSBS: arxiv:2404.06614  

• Paper contents:  

- Detailed description and examples of statistical 
model constructed in combine  

- Description of common statistical analysis routines 

- Command-line examples to run the commonly used 
methods 

• Accompanied by pre-compiled containerized 
Combine release v9.2.0: [docs]

https://arxiv.org/abs/2404.06614
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/#oustide-of-cmssw-recommended-for-non-cms-users
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Introduction to Combine

๏ Command-line interface to RooStats/RooFit methods, and even 
more: 

- Builds statistical (counting, parametric unbinned and binned, 
template-based) models  

- Powerful for combinations, scales well with model complexity 

- Provides workflow for statistical procedures recommended by 
CMS Statistics Committee 

- Provides tool extensive tool-set for validation  

๏ Supported with extensive documentation and tutorials:       
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/ 

https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit
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Statistical models built with Combine

๏ Factorize into primary and auxiliary components  

-  - model parameters;  - primary observables;  - global observables 

- Likelihood function is constructed by evaluating  on a dataset  

- Combine implements a custom class (RooFit based) to build the likelihood  

⃗Φ = ( ⃗μ , ⃗ν) ⃗x ⃗y

p( ⃗x, ⃗y; Φ)

p(x⃗, ⃗μ , ⃗ν) → pk(x⃗k, ⃗μ , ⃗ν)
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Supported statistical models 

Template-basedParametric analysis

x - observable can be both binned and unbinned (RooDataSet) Counting analyses: 
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Supported constraint terms 
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➡ Combine datacard - human readable configuration file for statistical models  

Example for simple counting experiment:  

Defines primary  and auxiliary   likelihood components   ∏
d

pd( ⃗xd, ⃗μ , ⃗ν) ∏
k

pk(νk, yk)

8

Combine datacard structure
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Physics Model 

๏ Defines how parameters of interest scale the signal processes defined in the datacard 

The default physics model scales all processes marked as signal with linear parameter r - signal strength 
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Physics Model 

๏ For example: multi-signal model to scale different signal processes with separate POIs  

python/PhysicsModel.py

Implement your own model using the classes 
defined in python/PhysicsModel.py

https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit/blob/main/python/PhysicsModel.py
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Physics Model (make your own)

• Simple process scaling:  

- By default single POI assigned to all processes marked as signal in the datacards (“r”) 

- Multiple POIs can be assigned with [multiSignalModel] : 

- Mapping: --PO 'map=bin/process:parameter'

text2workspace.py -P HiggsAnalysis.CombinedLimit.PhysicsModel:multiSignalModel  --PO verbose 
--PO 'map=.*/sig1:r_sig1[1,0,10]' --PO ‘map=.*/sig2:r_sig2[1,0,20]' datacard.txt -o ws.root

• More complicated: Interference, , EFT (signal processes are parametrised) 

- Use existing model [location]:  

- Create your own model in CombinedLimit/python directory; example given here on a model with 
interference: [tutorial], [code]

κ

text2workspace.py datacard.txt  -P HiggsAnalysis.CombinedLimit.PythonFile:modelName 
e.g for Higgs couplings -model: -P HiggsAnalysis.CombinedLimit.HiggsCouplings:c7 [link] κ

https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit/blob/main/python/PhysicsModel.py#L114
https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit/tree/main/python
https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit/tree/main/python
https://indico.cern.ch/event/976099/contributions/4138515/attachments/2163911/3651695/ModelInterference_tutorial.pdf
https://gitlab.cern.ch/cms-hcg/cadi/hig-17-012/-/blob/master/2l2nu/HiggsWidth.py
https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit/blob/102x/python/HiggsCouplings.py#L15
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Constructing likelihood function with Combine

+

 = 

1. Define the statistical 
model with datacard + 
provide inputs for shape 
analysis (details in 
backup)

2. Apply physics model 

RooFit Workspace 
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Constructing likelihood function with Combine

➡ RooFit Workspace: 

➡  Ready for statistical inference: estimate significance, CI, extract limits 
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Extracting results with Combine [Documentation]

- AsymptoticLimits: limits calculated according to the 
asymptotic formulas in arxiv:1007.1727, valid for large event 
counts  

- Significance: simple profile likelihood approximation for 
calculating significances. 

- HybridNew: compute modified frequentist limits with toys, 
significance/p-values and confidence intervals with 
several options, --LHCmode LHC-limits is the 
recommended one  

• MultiDimFit: perform maximum likelihood fit, with multiple 
POIs, estimate CI from likelihood scans 

http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/runningthetool/#how-to-run-the-tool
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/commonstatsmethods/#asymptotic-frequentist-limits
http://arxiv.org/abs/1007.1727
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/commonstatsmethods/#asymptotic-significances
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/commonstatsmethods/#computing-limits-with-toys
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/commonstatsmethods/#likelihood-fits-and-scans
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Extracting results with Combine

- AsymptoticLimits: limits calculated according to the 
asymptotic formulas in arxiv:1007.1727, valid for large event 
counts  

- Significance: simple profile likelihood approximation for 
calculating significances. 

- HybridNew: compute modified frequentist limits with toys, 
significance/p-values and confidence intervals with 
several options, --LHCmode LHC-limits is the 
recommended one  

• MultiDimFit: perform maximum likelihood fit, with multiple 
POIs, estimate CI from likelihood scans 

[Documentation]

http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/commonstatsmethods/#asymptotic-frequentist-limits
http://arxiv.org/abs/1007.1727
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/commonstatsmethods/#asymptotic-significances
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/commonstatsmethods/#computing-limits-with-toys
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/commonstatsmethods/#likelihood-fits-and-scans
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/runningthetool/#how-to-run-the-tool
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Diagnostics tools [Documentation]

• GoodnessOfFit: perform a goodness of fit test for 
models including shape information using 
several GOF estimators (AD, KS, saturated - 
recommended by SC)  

• Impacts: evaluate the shift in POI from  

variation for each NP 
• ChannelCompatibiltyCheck: check how consistent 

are the individual channels of a combination are 
• GenerateOnly: generate random or asimov toy 

datasets for use as input to other methods

±σpostfit

http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/runningthetool/#how-to-run-the-tool
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/commonstatsmethods/#goodness-of-fit-tests
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/nonstandard/#nuisance-parameter-impacts
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/commonstatsmethods/#channel-compatibility
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/runningthetool/#generate-only
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MLE and diagnostics tools [Documentation]

• GoodnessOfFit: perform a goodness of fit test for 
models including shape information using 
several GOF estimators (AD, KS, saturated - 
recommended by SC)  

• Impacts: evaluate the shift in POI from  

variation for each nuisance parameter  
• ChannelCompatibiltyCheck: check how consistent 

are the individual channels of a combination are 
• GenerateOnly: generate random or asimov toy 

datasets for use as input to other methods 

±σpostfit

http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/runningthetool/#how-to-run-the-tool
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/commonstatsmethods/#goodness-of-fit-tests
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/nonstandard/#nuisance-parameter-impacts
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/commonstatsmethods/#channel-compatibility
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part3/runningthetool/#generate-only
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[Combine documentation] Combine documentation
๏ Installation (w/ CMSSW, standalone, 

using LCG, conda, latest release) [link] 

๏ Setting up the analysis (counting, 
template based, parametric) [link] 

๏ Running Combine [link] 

๏ Underlying statistics   

- Likelihood definition: [link] 

- How the fits are performed (profiling, 
marginalization, confidence intervals): 
[link]  

- Statistical tests (test statistic, GOF): 
[link] 

๏ Tutorials: main features (template-based 
model), parametric, unfolding

https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/#installation-instructions
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/part2/settinguptheanalysis/
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/part3/runningthetool/
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/what_combine_does/model_and_likelihood/
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/what_combine_does/fitting_concepts/#fitting-frameworks
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/what_combine_does/statistical_tests/
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/part5/longexercise/
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/part5/longexercise/
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/tutorial2023/parametric_exercise/
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/tutorial2023_unfolding/unfolding_exercise/
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First CMS public statistical model 

3.Measure the signal strength 

2. Calculate the significance   

1. Combine channels 

Back to the released model [DOI: 10.17181/2cp5k-ggn24]  

๏ Corresponds to the CMS Higgs Run 1 combination of 5 main Higgs channels [10.1016/
j.physletb.2012.08.021]  

๏ Accompanied by the command-line instructions to reproduce the main results: 

https://new-cds.cern.ch/records/c2948-e8875
https://www.sciencedirect.com/science/article/pii/S0370269312008581?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269312008581?via=ihub
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First CMS public statistical model 
Back to the released model [DOI: 10.17181/2cp5k-ggn24]  

๏ Corresponds to the CMS Higgs Run 1 combination of 5 main Higgs channels [10.1016/
j.physletb.2012.08.021]  

๏ Accompanied by the command-line instructions to reproduce the main results: 

 Apply  model to measure for 
interpretation 
[HiggsCouplings_ICHEP12:cVcF]  

κ

More public statistical models are 
coming, at some point it should follow 
most of the CMS publications

https://new-cds.cern.ch/records/c2948-e8875
https://www.sciencedirect.com/science/article/pii/S0370269312008581?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269312008581?via=ihub
https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit/blob/main/python/HiggsCouplings_ICHEP12.py#L10
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How Combine statistical models can be used

✓ Combinations  

- Trivial, but one should be careful with the correlation scheme for nuisance parameters 
 CMS will be following common conventions for NP naming, and making sure that 

they are documented in every statistical model release (automating this process) 

✓ (Re)Interpretations  

- Redefine parameters of interest , apply different Physics Model, 
implement your own (discussed earlier)  support and examples are available 

๏ (?) Replace PDFs, e.g. update the signal shape with a new prediction, update signal 
uncertainties   

- Technically possible, but can be tricky estimate because most analyses use complex 
observables. Workflow management tools might help here (REANA, snakeMake, 
Luigi)  WIP in CMS

→

⃗Φ = (μ, ⃗ν) → ( ⃗μ′￼, ⃗ν)
→

→
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Next steps: Interaction with other statistical frameworks

๏ Should be able support interoperability with 
other statistical frameworks (e.g. pyHF) 

๏ Combine <—> pyHF conversion tool was 
developed and extensively validated in the 
context of ATLAS + CMS tttt EFT 
combination [github]  

๏ In contact with HS3 developers [link], and in 
principle we should be able to apply follow 
HS3 standards 

- Might be complicated because of the 
custom classes in Combine, but they could 
be included in future ROOT versions (tbd)

[K. Skovpen] 

https://github.com/kskovpen/combine2pyhf
https://github.com/hep-statistics-serialization-standard/hep-statistics-serialization-standard
https://github.com/hep-statistics-serialization-standard/hep-statistics-serialization-standard/discussions/35
https://conference.ippp.dur.ac.uk/event/1178/contributions/6434/attachments/5022/6446/kskovpenSaveEFT.pdf
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Summary

• CMS released the first statistical model implemented in Combine and in process of 
releasing more statistical models  

• Combine covers most of the statistical inference analyses:  

- Parameter estimation, BSM searches, maximum likelihood unfolding 

• Provides an extensive toolset for statistical inference 

• Effort to make Combine usable outside of CMS: standalone containers, improving 
documentation, making sure that it is compatible with the latest ROOT version  

• In future planning to improve compatibility with other formats compatible with pyHF 
and HS3



Thank you! 



Backup



Aliya Nigamova | Reinterpretation mini-workshop | Grenoble - 18/06/2024 26

Template analysis datacard structure 
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Datacard: 
Systematics table from the paper: 

Standardizing datacards: documentation


