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• Template fit user story: https://github.com/iris-hep/as-user-facing/blob/master/template-fit.md


• TRExFitter developed from scripts during Run-1 of the LHC and developed into a profile likelihood framework 

• ATLAS-internal framework, https://gitlab.cern.ch/TRExStats/TRExFitter


• Multiple additional frameworks built with RooStats/RooFit/HistFactory are in use, for example


• HistFitter in ATLAS (Eur.Phys.J. C75 (2015) 153 ) 


• CMS Combine https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit


• Different frameworks generally have similar approaches, shaped by conventions in the groups using them


• General workflow: 
• Declare a fit model, and provide input ntuples or histograms


• Framework builds workspace for statistical analysis (this needs to be parallelized and fast!), and performs fits


• Framework provides diagnostics tools and allows to easily adjust the fit model to study the fit


• This is the heart of the framework

• Also provides figures, tables, etc. for publication

Statistical analysis frameworks
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https://github.com/iris-hep/as-user-facing/blob/master/template-fit.md
https://gitlab.cern.ch/TRExStats/TRExFitter
https://inspirehep.net/record/1320562
https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit
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The TRExFitter project

• TRExFitter: framework used by many ATLAS analyses for statistical inference via profile likelihood fits


• Users provide inputs in various formats and a configuration file steering the framework


• TRExFitter does the rest:


• Produces RooFit workspaces, performs fits on them, interfaces with widely used RooStats macros (e.g. for limits)


• Generates plots, tables, … to document the fit and help analysers study it in detail

• Crucial to success: simplify validation studies, and provide as many diagnostic tools as possible
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The configuration file

• The configuration file steers the framework: 

• Plain text file with simple structure


• Divided into blocks, separated by blank lines


• The Job block defines general options


• The Fit block specifies details of the fit model


• Region blocks define the distributions considered in the fit


• Called channels in HistFactory

• Specify variables and cuts


• Sample blocks define the samples considered


• Systematic blocks specify systematic uncertainties


• TRExFitter builds histograms and a HistFactory workspace 
using this specification
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exemplary 
Region block

comments after %
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Input histogram creation and first plots

• Workspaces are built from histograms, and thousands of these are needed

• One histogram per region (channel), per sample, per systematic variation

• Framework takes other histograms or ntuples as inputs

• This step needs to be parallelizable, or can take hours to days


• TRExFitter provides data/MC plots and yields per region (channel), summary 
plots, background composition, S/B, etc.


• Can customize appearance for publication-quality figures
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-03/
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• One plot like this generated per analysis region (channel)


• Total uncertainty of all sources evaluated and visualized


• Algorithms to automatically obtain suitable binning

• Especially useful for MVA output distributions

• Can of course also specify bins by hand

Pre-fit plots and binning
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-03/
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• Visualize the effect of all systematic variations 

• Per Region (channel), per sample, per variation

• Important to validate the physics


• Can apply smoothing algorithms to systematic variations


• Mitigate artificial effects from statistical fluctuations 

• Can help avoid strange pulls and constraints

• Note: can also apply smoothing to samples


• In practice, there are thousands of these distributions


• Can flag some problematic ones automatically, but 
generally there is a lot of work for the user to go 
through one by one

Systematic plots and smoothing
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Workspace and pruning

• The workspace is used by HistFactory, contains all information needed to run fits


• At this stage, pruning also takes place


• Fit model is simplified by removing small systematic variations


• Validity of pruning needs to be verified by hand!
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• Core framework task: run a profile likelihood fit 


• Many configuration possibilities:

• Data or Asimov (pseudo-) data

• Including a signal or background-only

• Which regions to include


• Many plots and files generated to document and understand the fit

• Best-fit values of all nuisance parameters and associated uncertainties 

• Correlations of fit parameters 

• Can produce post-fit plots

• Fit results project onto all regions defined

• Can even validate post-fit modelling in regions not used in the fit itself

Fit results and post-fit plots
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Additional features (1)

• Lots of features implemented beyond a simple fit:


• CLS limits

• Significance calculation


• Nuisance parameters ranking by impact 

• Or combined impact of nuisance parameter groups

• Combination and comparison of different fits 

• Toys to evaluate effect of statistical fluctuations in templates 

defining systematic uncertainties 

• Template fitting / morphing


• Many options available to understand fit behaviour better:


• Exclude nuisance parameters or fix them to specific values


• Correlate or de-correlate nuisance parameters


• Create custom Asimov datasets and fit them
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signal template example

Uncertainty source �µ

tt̄+�1b modeling +0.46 �0.46

Background-model stat. unc. +0.29 �0.31

b-tagging e�ciency and mis-tag rates +0.16 �0.16

Jet energy scale and resolution +0.14 �0.14

tt̄H modeling +0.22 �0.05

tt̄+�1c modeling +0.09 �0.11

JVT, pileup modeling +0.03 �0.05

Other background modeling +0.08 �0.08

tt̄+ light modeling +0.06 �0.03

Luminosity +0.03 �0.02

Light lepton (e, µ) id., isolation, trigger +0.03 �0.04

Total systematic uncertainty +0.57 �0.54

tt̄+�1b normalization +0.09 �0.10

tt̄+�1c normalization +0.02 �0.03

Intrinsic statistical uncertainty +0.21 �0.20

Total statistical uncertainty +0.29 �0.29

Total uncertainty +0.64 �0.61

grouped impact of systematic uncertainties, 
used in HIGG-2017-93

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-03/
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• Statistical analysis frameworks: 
• Declare a fit model in a human-readable way and provide relevant inputs

• Framework builds HistFactory workspace and everything needed for fits and validation

• Implement many tools to help analyses study fits in detail

TRExFitter


