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Who/What Are We?
● Comprehensive, collaborative, high-level analysis tool
● Largely C++, auto-generated python bindings via ROOT
●  Origin: (Freiburg) ATLAS HWW group

– Run 2: refactor, separation of backend (‘CAFCore’)
→adopted by several other analyses, O(100) users

– Core developers early 1-2 →now ~8, all analyzers
→From users for users

– ROOT based, ATLAS xAOD EDM optional
→CI also building against plain ROOT

Core developers from
Example use cases
(various analyses)
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Projects

● (Almost) Full analysis, 
ready to fork

● Used for tutorials
● Includes 

README.md’s for 
every config file type

● Mostly 
python+configs

HistFactory/RooFit
interface (C++)

main framework (C++)

high-level building blocks (python)

documentation generation (mixed)

xAOD convenience features (C++)
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Concepts - 
Tags

● Tag = key + value pair
string→str,int,double, bool

● Generic configuration format
→high-level objects ‘taggable’ 

● API (TQTaggable)

● Documentation generated 
from in-code comments
 →link

Possible feature for ROOT?
(key:value object, 
supports persistifying)

https://atlas-caf.web.cern.ch/TQTaggable.html
https://atlas-caf.web.cern.ch/tags.html
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Concepts - 
(TQ)SampleFolders

● Central analysis object (~“The Analysis”)
→ evolves over processing steps (read, process, write)

● Taggable

– store meta information
– per-sample configuration
– control systematic variations

(copy of nominal folders)
● Eventually holds histograms, event counts, …

→event loop and visualization in different steps

● Batch processing: job == path in SampleFolder

● (sub)^n-Folders: TQSample
→refer to input nTuples/xAODs

quick style 
changes/fixes
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Concepts - 
(TQ)SampleFolders

● Reading from SampleFolders:

● Analogous for cutflow entries: 
returning TQCounter 
(=count + stat. uncertainty+ raw count)

“path arithmetic”
(sum of multiple folders), 
also: “sig/[em-2*me]/...”

implicitly summing 
over subfolders

Cut stage
histogram
name
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Concepts -
Event Processing

● Cuts: 
selection and weights
if selection passed:
– execute attached 

AnalysisJobs
(Histogramming, 
NtupleDumper, 
Cutflow, ...)

– sub-cuts

● Algorithms: arbitrary 
code for pre-/post 
processing

[Algorithm] Pre-processing

[Algorithm] Post-processing

Cuts and
AnalysisJobs

next event
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Concepts -
Observables

● “Only” user side C++ code
● Classes: TTree/TEvent/... → double

→isolation of individual contributions,
    less cross-talk between code 
    from different analyzers!

● User Observables: 
instantiated from python→inject into registry

● Mapped: Observable ←→expression (name)
● Retrieving: given some expression: 

– existing instance? →(re)use it
– if not: factories → auto-instantiated+configured Observables 

e.g.: T(Q)TreeFormulaObservable, TQMultiObservable
(no code for reading simple branches) (combining other Observables 

in arithmetic expressions)

Histograms,
Cuts,

Weights,
dumping NTuples,

...

text config
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Concepts -
Tags + Observables

● Expressions/Observables dynamically adjusted to different samples

● Other use: adjust (branch)names for systematic variations
electronPt_$(eleVariation)

● Also easily accessible in custom Observables

globally defined shorthand “alias” 
→consistency between cuts, histograms, ...

For Zjets samples: 
{ true ? longExpressionForTruth_hasFSRPhotonDR01==0 : 1 }
For Zgamma samples: 
{ false ? longExpressionForTruth_hasFSRPhotonDR01==0 : 1 }
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Doing Analysis - 
Cuts, Histograms, ...

● No code for individual Cuts, Histograms,… needed
Defining Cuts: 

Continuing in 2nd
 
file (→ common preselection + sub-analysis specifics selection)

“hook” into previously defined cut(s)

Defining + booking Histograms:  

Factorization of definition + booking
= “industrialization” of analysis!

optional: 
add weights
(propagated to 
subsequent cuts)

cut hierarchy branching
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More Features
● Largely automated visualization:

– Plotting →O(1k) plots per iteration common
– Tables: HTML, LaTeX, csv, …

→HTML incl. overlay of raw counts
→huge help comparing cutflows!

● Large helper set: 
TQUtils, TQStringUtils, TQHistogramUtils
→less debugging for 
common (high-level) operations

● and many more… 

https://atlas-caf.web.cern.ch/TQTable.html
https://atlas-caf.web.cern.ch/TQUtils.html
https://atlas-caf.web.cern.ch/TQStringUtils.html
https://atlas-caf.web.cern.ch/TQHistogramUtils.html
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Summary & Conclusions
● Different analyses are surprisingly similar:

minor abstraction→great re-usability
– Main abstraction layers: Cuts, Histogramming, Observables, Samples 

● High configurability, little user code (changes)
– Allows fixing strong structures
– Aim high: complex analyses do “crazy” things
– Factorize concepts where possible:

Let the “curse of dimensionality” work for you

● “Divide and Conquer”
– Loosely coupled functional units
– Analyses are team efforts

→enable collaboration (small, isolated user code)

● Close interaction with users: {devs} in {users}
● Use of Cling/RDataFrame will polish things a lot!



HSF WG Meeting 13.02.2019 R. Gugel: Common Analysis Framework 13/12

Backup
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Creating a new Observable -
It’s Magic!
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Central Concepts -
SampleFolders

● O(10) physics processes per analysis

– Possibly subdivided (Z→ℓℓ, pT slices, … )

– 1 analysis, not 10!

→Want 1 “analysis object”

● ‘Old’ concept: folders, containing objects:
– Other folders
– Files (→histograms,…)
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Central Concepts -
SampleFolders

● SampleFolders:
– Analysis structure: which samples?
– Arranging in folder structure
– Living in memory / single ROOT file
– Store additional meta-

information: ‘tags’ (key:value)
– Physics aware: 

sum counters, histograms
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TQSampleFolder - ‘Tags’
● Generic meta-information
● Keys: strings, values: string, int, double, bool
● Uses:

– Logging
– Settings

● Don’t use:
– Per event

● ‘TagDoc’ 
here

keys valuestypes

http://atlas-caf.web.cern.ch/tags.html
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SampleFolders -
Types: TQWhat?

● Three folders in CAF, increasing capabilities:
– TQFolder (no direct relation to physics)
– TQSampleFolder (‘physics aware’)
– TQSample (≡ DSID or single nTuple/xAOD)

● Inheritance (general C++/python/… concept) : 
Class := BaseClass + Modifications/Additions

● Lingo: ‘derived’/’child’ class inherits from ‘base’/’parent’ class

→ https://atlas-caf.web.cern.ch/TQSample.html ←Can you find TQFolder’s 
methods on this page?

https://atlas-caf.web.cern.ch/TQSample.html
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TQSampleFolder - 
Investigating

● tqroot: ROOT shell + CAF libraries loaded
● tqroot -sfr mySample.root : 

automatically loads SampleFolders in the file
● print(“path:options”) : 

options: ‘d’ (details), ‘t’ (tags), ‘r’ (recursive), 
‘r1’ (recursive up to 1 level)

→ https://atlas-caf.web.cern.ch/TQFolder.html#TQFolder:print

https://atlas-caf.web.cern.ch/TQFolder.html#TQFolder:print
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TQSampleFolder -
Retrieving Objects

● Histograms: need path, cut and hist names

→Plain ROOT object
● Counters (event yields + stat. Uncert.):

 →TQCounter: link
● ‘Path arithmetics’: “bkg/[em+me]”, “bkg/[2*em-me]”
● Implicit summation over subfolders
● ‘Plain’ TObjects: TQFolder::getObject

New objects 
returned

Actual object in 
the folder!

https://atlas-caf.web.cern.ch/TQCounter.html
https://atlas-caf.web.cern.ch/TQFolder.html#TQFolder:getObject
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Hands On:
Investigating a SampleFolder

● Open the provided ROOT file with a SampleFolder:
tqroot -sfr /eos/user/r/rgugel/public_qframework/tutorial_caf2018_05/
samples_CAFTutorial.root

● Look around
● Obtain and draw 

– the histogram “CutLeptonsPt/invMass”
– for WW samples, combining “ee” and “mm” 

channels
● The tag ‘CAFTutorial’ is hidden somewhere. 

What is its value? Where is it?
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Processing SampleFolders -
Visitors

● Perform various tasks @ SFs
● Desirable: modularity, 1 class = 1 task
● “Visitor Pattern” = 

Structure (SF) + Visitor (doing work on SF)
● Examples in CAF: 

– TQSampleInitializer: add meta-info to TQSamples
– TQ(MultiChannel)AnalysisSampleVisitor: 

event processing (“event loop”)

● Typical structure:
foo(sf) :

doWork(sf)
for sub in sf: foo(sf)

● Flexibility: behavior controlled via tags
=*the* configuration/option format in CAF

https://en.wikipedia.org/wiki/Visitor_pattern
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Central Concepts - 
Event Selection: “Cuts”

● Central component of analyses
● Should be easily tunable, early exiting
● Tree-like structure (just like Folders!)
● Two quantities: cut/selection, event weight

→represented by expressions (more later)
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Central Concepts - 
Doing Work: AnalysisJobs

● Cuts → histograms, cutflows, event lists, (mini) 
nTuples  ?

● Solution: ‘if (cutPassed): execute AnalysisJobs’
● AnalysisJobs booked at Cuts
● Examples:

– CutflowAnalysisJob
– HistoMakerAJ
– EventlistAJ
– NtupleDumperAJ
– … 
– Your own AJ?
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Central Concepts - 
Event Pre-/Postprocessing: Algorithms

● Examples: 
– Perform overlap removal 

before event wise decision (=cut)
– Write out event if (at least) certain cuts are passed

● Executed at very beginning and end of event:

alg.execute() → Cuts, AJ,… →alg.cleanup()
● More details: →Talk by Benjamin R.
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Workflow in CAF -
Analysis Checklist

● (Basic) ingredients for a (typical) analysis:
– Data & MC samples
– (Object definitions)
– Cross section values for MC
– Selection criteria (cuts)
– Histogram definitions (+mapping to cuts)

● CAF additions:
– White-listing files: 

which DSIDs (MC samples) to use?
– Mapping files:

DSID →path in SampleFolder

nTuples/xAODs
= ROOT files

text files:
Check out 
READMEs in
CAFExample

(code)

https://gitlab.cern.ch/atlas-caf/CAFExample
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Workflow in CAF -
Translation Table

● For already experienced (‘R20.7 style’) users:
Actions Old Name New Name Batch?

Setup basic SF structure

makeSampleFile.py

prepare.py No

Discover samples, 
read Meta-Info
(sumOfWeights)

initialyze.py Possible

Analyze individual events
→Histograms, yields, … runAnalysis.py analyze.py Possible

Histograms→Plots,
Yields→Cutflow tables,
...

readAnalysis.py visualize.py (No)
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Workflow in CAF -
prepare.py

● Ingredients:
– White-listing files
– Cross-section files
– Mapping files: DSID→path in SS
– Luminosity value
– List of analysis channels

● Operations:
– Build SF encoding basic analysis structure
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Workflow in CAF -
initialize.py

● Ingredients:
– Sample locations 
– OR InputFileList
– Matching pattern: <prefix>DSID<suffix>

● Operations:
– Populate SF with links to nTtuples/xAODs
– Determine sample normalization
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Workflow in CAF -
analyze.py

● Ingredients:
– Samples
– Cut/histogram/nTuple,… definition files

→Cuts, AnalysisJobs, Algorithms run here!

● Operations:
– Process individual events
– Fill histograms, counter, (mini) nTuples,…

● Notes:
– Different samples processed independently

→submission to batch systems
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Workflow in CAF -
visualize.py

● Ingredients:
– List of cuts (to show)
– Process+channel definition files
– Style files

● Operations:
– Plots
– Cutflow tables
– Normalization 

Factors (NFs):
Scale process yields to data in Control Region (CR)
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Thanks for your Attention!
● You’ve got the map
● Let’s start the expedition!
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TQSampleFolder - 
Retrieving Objects

● C++ intermezzo: casting
TH2* h2d = dynamic_cast<TH2*>(h)
where ‘h’ is (technically) a TH1* but the object 
behind the pointer is actually a TH2.

● Retrieving a TH2:
TH2* = dynamic_cast<TH2*>( samples→getHistogram( 
“bkg/ee/diboson”,”CutFakeMuonID/FakeMuonEtaVsPt” ) )

(Warning: this example could leak memory if the histogram is not actually a 
TH2!)
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