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RooStats / RooFit - based software tool used for statistical analysis within the CMS 
experiment. 

à Ideally should re-use (benefit) as much as possible the functionality of 
RooFit/RooStats without the user needing to remember lots of “tricks”/“gotchas” 
and write scripts

à Combine mostly provides “workflows” for the most common statistical 
methods and uses LHC/CMS statistics committee best-practices  

General features 
• Human readable inputs (datacards) 
• Build binned / unbinned likelihood models 
• Intuitive and powerful models combination 
• Statistical tests Bayesian/frequentist/hybrid
• Diagnostics tools for fits inspection 

Documentation: https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/
• Summaries of what the tool is doing (brief statistics)
• Detailed examples of tool functionality for common and more advanced 

methods
• Tutorials designed to get new users up to speed on the basics 

https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/


CMS Combine Publication
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Publication for Combine:
https://arxiv.org/abs/2404.06614 (sub. to CSBS) 

• Guide on installation via Docker (pre-compiled version 
9.1.0) – other installation strategies described online

• Definition of statistical model and how to construct 
them in combine – Datacards
• Examples for counting, template and parameteric

models 
• Physics models 

• Common statistical routines available 
• Pseudo-data generation
• Upper limits (frequentist + Bayesian) and 

significance calculations
• Maximum likelihood fits and scans 
• Fitting diagnostics (plotting, GoF tests, impacts) 

https://arxiv.org/abs/2404.06614
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Statistical models

Statistical model

• Primary observables 
• Parameters of interest
• Nuisance parameters   
• Auxiliary observables  

Each element of the vector      is referred to as a “channel” (each of which is statistically independent) so that 

Need to define probability distributions p to specify statistical model.

Likelihood constructed by 
(in Combine –Log(L)= CachingNLL)



Statistical models
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Extremely basic example – a counting experiment Datacard

Observable = Observed number of events

Expected contributions

‘Systematic” uncertainties 



Statistical models
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Extremely basic example – a counting experiment Datacard

Observable = Observed number of events

Expected contributions

‘Systematic” uncertainties Apply default 
Physics model 
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Statistical models
Statistical model based on Datacard + Object inputs 

Sampling and Likelihood (= statistical 
model + data) based methods to 
extract statistics results 
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Statistical models
Statistical model based on Datacard + Object inputs 

Sampling and Likelihood (= statistical 
model + data) based methods to 
extract statistics results 

• Combinations based on datacard combination (always perform combinations 
at “likelihood level” )

• Same statistical model can be used for multiple statistical routines in combine!
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Physics Models Physics models are the way combine defines a set of parameters of interest and uses them to 
parameterize the rates of different processes (usually “signal”)

Physics models are Python files that are passed to text2workspace.py with

Default Model

-P HiggsAnalysis.CombinedLimit.PhysicsModel:floatingXSHiggs

Datacard
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Statistical Results
Combine also handles producing statistical results once model is constructed. For the most common 
statistical routines, the idea is that it should be 1 command line.  

More complicated workflows + many more options to tweak runtime, sampling strategies, accuracy etc
exist in the online docs. 

+ ROOT file output



Published Statistical Models 
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The datacard + its inputs are publishable products from CMS
à with Combine now available, these can be (re)interpreted using the same software as the original results 

First such publication from CMS is the Run-1 Higgs discovery model

https://new-cds.cern.ch/records/c2948-e8875

Release includes 
• Datacards + inputs 
• Recommended container for combine version
• Instructions for 

• Use with example physics models
• Deriving important results

• html with descriptions of all nuisance 
parameters in the model
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https://new-cds.cern.ch/records/c2948-e8875


12Nicholas Wardle

CMS plans to regularly release CMS statistical models 
with publications 
à Continuous Integration suite being developed to 

assist CMS users
à Several workflow managers now being used (eg luigi, 

snakemake) in CMS to perform statistical calculations themselves 
à Makes encapsulation of workflow and validations for 

publication that much easier  

Published Statistical Models 
Different results can be produced from the same published inputs 
• After all, this is how we operate in CMS à No surgery of the binary workspaces needed

Build model

Calculate

CalculateDefault model

T. Runting



Thoughts on future developments
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The rest of these slides are my own personal thoughts on development needed going forward. 
Not necessarily the opinion of all of CMS!

These don’t include the (obvious?) developments related to improvements in the underlying ROOT/RooFit
framework which we benefit from greatly (combine v10 is on its way), or support for different platforms 

(installation via container, CernVM, CVMFS, standalone, on top of StatAnalysis, conda …)



1. Scripts here, there and everywhere
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Over the years, there have (naturally) been a lot of useful scripts/tools 
that have been added to the package
• Do things with / to the datacards
• Do things with outputs of combine (plots, tables …)
• Handle larger workflows (Impacts, job submission …) 

None of these are described in the paper (purposefully omitted) but some are described in the online docs 



1. Scripts here, there and everywhere: combineTool.py
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The combineTool.py* script is the most powerful and handles a lot of arduous workflows for users

* Currently this is part of a separate package “CombineHarvester” 
but there are plans to port it to the CombinedLimit package 

• It would be useful if all of these useful scripts became part of the 
main command line interface 

• There are plans to move combineTool over to the Combine package but as a wrapper, it might make more sense 
that this becomes the main interface for the user ie: 
combine --M blah … à combineTool(.py) --M blah …

• Could also facilitate IO captures for better integration into (re)interpretation frameworks?



2. Input formats
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• I would like to see more use of these alternative input forms (.json also supported)
• ROOT JSON for serialization would be a natural way to specify inputs to extend to parametric models

• Note this is different to fully specifying the statistical model in JSON (discuss)
• Some custom CMS objects (RooParametricHist, RooMultiPdf, …) need to be thought about 

Combine supports non-ROOT based inputs for template-based models (counting experiments already require no inputs)
…
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2. Input formats – interface?
Datacard mostly acts as a map between objects 
(eg in a ROOT file), and values to pdfs that should 
be constructed 

It’s possible to simply construct the binary 
workspace directly by skipping the Datacard
parsing step

text2workspace.py <datacard.txt> 
--dump-datacard > myscript.py

myscript.py

No need to write a .txt Datacard file since 
one can just fill/edit the python dictionaries/lists 
in a (re)interpretation workflow



3. Interpretors
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K. Skovpen

E.G 2: combinetf
• Extension to use TensorFlow for computational graph 

(+autograd functionality) by converting Datacard to 
hdf5 format

• Performance boost for extremely complicated 
template models (many bins)

• Restricted to template-based methods only and not 
documented (or widely used yet) in CMS

Combine provides the implementation of the model and performs the calculations but work 
on going to support other tools to do this (no ROOT dependence) …

E.G 1:  pyHF
• For simple template-based modes, able to 

translate between Combine Datacard and pyHF
JSON formats

• Can use pyHF interpretation tools to calculate 
limits etc from CMS datacards

J. Bendavid

https://conference.ippp.dur.ac.uk/event/1178/contributions/6434/attachments/5022/6446/kskovpenSaveEFT.pdf
https://indico.cern.ch/event/882824/contributions/3932491/attachments/2075631/3485248/tffit-pyhep-Jul16-2020.pdf


4. Lists of (other) issues
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Without going into detail, there are lots of things that need doing 
à Lots of room for improvement and publishing statistical models will help development from wider community 

Issues PRs

https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit/issues
https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit/pulls


Summary 
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Combine is more or less THE statistics tool in CMS 
• Datacard + inputs à defines statistical model, Combine constructs it and performs statistical 

calculations
• Counting, template and parametric modes supported, different physics models and different calculations from 

the same underlying inputs

Future developments ongoing 
• Restructuring of the software package in discussion: Less scripts, more consolidation of workflow management 
• Input formats: I think Physics model should stay separate from underlying objects but ROOT JSON could replace 

our typical inputs and could be used to store the constructed workspace too
• Interpretors: Users might not want to use combine, plain RooFit, pyHF, combinetf should be supported looking 

forward 

Plenty of room for improvement
• Combine has evolved over a period >10 years since before the Higgs discovery so naturally there are things to be 

updated/improved
• I have a long list of issues that irritate me and need fixing (ask me about -t vs -T !)
• However, tool is still a big part of doing CMS analyses and its still (imo) a good tool for statistics

Thanks!



Backup Slides
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Timeline for public likelihoods 

2024 CMS public 
statistics models

+ Combine

L. Heinrich 
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-t vs -T
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Never ending source of confusion is the difference between –t and –T in combine 

Reason is that there are “levels” of toy generation with combine 
-t supports ~all methods 

à I want to generate a toy dataset to make plots with/perform a test of a fit …
à useful as lots of extra diagnostic info can be saved (toys themselves, fit results + propagated 

yields/bin contents for each toy …)
-T is used specifically for toy-based methods 

à i.e anything using –M HybridNew (limits, p-values, FC intervals) 
à DetailedOutput implemented in certain test-statistics only? 

The type of toy generation is defaulted differently between the two 
-t à Hybrid by default, frequentist if you add –toysFreq
-T à frequentist by default if using --LHCmode <X> , can use Hybrid if specify –genNuisances

There’s even another toy generation for sampling from post-fit covariances for making plots inside 
FitDiagnostics L

Of course, all of this is documented as such but some consolidation 


