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Tablet computers 
Tractor beams 
Flip (and wearable) communicators 
Replicators (3D printer) 
Voice interface computers (hello Siri) 

Bluetooth headsets (Uhura had one first) 
Google Glass 
Portable memory (USB sticks) 
Focused ultrasound technology 
Biometric data tracking & identity verification 

GPS 
Automatic doors 
Big screen displays 
Real-time universal translators 
Teleconferencing

Use CutLang and prosper
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I wish we had a similar data analysis tool…



✂

👅
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• A dedicated cut based analysis description language and 
runtime interpreter 

• Human readable text file to describe the whole analysis 
• follows closely the LHADA principles 
• Back and forth convertible to XML, editable in XML 

• Run time interpretation of the text-based analysis.  No compiling! 

• Works with multiple input data formats 
• Currently available data formats:  

• LVL0, ATLAS OpenData, CMS OpenData, Delphes, LHCO, FCC  
• more can be easily added… 

• Events from ROOT file(s) given in command line are TChain’ed 

• Documentation 
• arXiv paper: internals, user manual, how to run examples etc.  
• Web page: user manual, examples & source code tgz:

arXiv:1801.05727

Introducing “CutLang”

https://cutlang.hepforge.org

https://arxiv.org/pdf/1801.05727.pdf


• Interpreted language 
• Commands are read from input file, interpreted and evaluated at run-time 
• No more compilation, forgotten { } ; issues, wrong loop variables etc. 
• Very simple syntax for cuts, histograms, objects, definitions, etc… 

• Very modest requirements 
• Linux or Mac, C++ (gcc4.x)  & ROOT (5 or 6) 
• Pure C++ classes, on top of ROOT LorentzVectors and histograms 
• Analysis can be run on a single core or on a PROOF farm 

• Helps the analyst and the advisor 
• Shell & Python scripts available for plotting & addition of “user functions” 
• All definitions, cuts and object selections are saved into output ROOT file
✂

👅
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CutLang details



• The execution order is top to bottom. (Units in GeV, comment is #) 
• Particles between { } are added, + is not used. 

• There are 3 basic keywords: cmd, def, and histo 
• a command (cmd) is either a cut or an instruction to fill histograms 

• a definition (def) helps the physicist to construct variables 

• a histo contains the definition of a (currently) 1D histogram, ROOT/Paw style

 5Basics



• The Objects 

• Functions 

• The ternary function as the 
cherry on the cake
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Predefined Objects & Functions



• reconstruct Z boson candidate from two leptons 

• histogram the mass of the candidate

 7A very simple example



• Scan all lepton pairs to find the pair yielding closest Z boson mass 
• Negative indices mean “to be automatically determined per event” 

• These are to be used in conjunction with optimizer operators: ~=, != 

 8A less simple example



    Reconstruction example
 9

tt̄



• CutLang allows definition of 
multiple selection regions via the 
keyword algo 
• Typically this is used to test different 

techniques or define signal and control  
regions (SR, CR1, CR2…) 

• A user defined region can 
contain another one 
• e.g. SR containing a preselection 

• All regions are processed in 
parallel and saved as directories 
in the output ROOT file 
• e.g. arXiv:1704.03848 has 6 regions
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Running with multiple regions



• Further cleaning or refining can be 
achieved using derived objects 
• Derived objects can further be used to 

derive more refined objects 
• Multiple selection criteria can be applied 

• Analysis algorithms can use the 
original objects or refined objects

 11Derived objects

Notes: 
1. an object without an index refers to all members of that class (JET_: all jets) 
2. new object names should start with basic object types



• User defined selection 
functions should not be 
called “external” 
• data access methods are 

framework specific 
• variable names and types are 

framework specific 
• “download & use” not possible in 

any software framework 

• Best we can “currently” do 
is to define a user function 
and compile it “in”. 
• CutLang provides the means to 

do just this  

• A future project: enlarge 
current(+-/*^) operators to include 
more mathematical functions to 
reduce the need for user functions.

 12User (external) functions
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Usage, input & output files
./CLA.sh ROOTfile_name ROOTfile_type

optional command line arguments: 
    -i|--inifile 
    -e|--events 
    -h|--help 
    -v|--verbose

ATLASOD (ATLAS open data), 
LVL0, FCC, LHCO, Delphes, 

CMSOD (CMS open data)

histoOut-CLA.root
root [1] .ls 
TFile**  histoOut-CLA.root  
 TFile*  histoOut-CLA.root  
  KEY: TDirectoryFile BP_1;1 BP_1 
  KEY: TDirectoryFile BP_2;1 BP_2 
  KEY: TDirectoryFile BP_3;1 BP_3
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./showall.sh 2



LHADA version
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CutLang version
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LHADA 
version
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CutLang 
version
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Only 1 
user 

function is 
needed: 

aplanarity



 18Compatibility
#evt total eff. rel. eff.
31250 1.000 -
28431 0.91 0.91

28430 0.91 1.00

16661 0.53 0.59

16381 0.52 0.98

8159 0.26 0.50

8156 0.26 1.00

31250 1.000 -
28301 0.91 0.91

28300 0.91 1.00

22441 0.72 0.79

22441 0.72 1.00

10043 0.32 0.45

9896 0.32 0.99

31250 1.000 -
28431 0.91 0.91

28430 0.91 1.00

16661 0.53 0.59

16381 0.52 0.98

4375 0.14 0.27

4132 0.13 0.94

CutLang



• An earlier version of CutLang is being used in an ATLAS 
Exotics analysis, the feedback is so far positive: 

• Students 
• Very happy not to deal with C++ syntax, pointers, ROOT etc. 
• Very easy to keep track of various analysis variations such as control 

regions, cut optimizations etc. 
• Very easy to test ideas, disable a cut or swap two cuts, add a histogram etc. 

• Advisors 
• Can follow easily what the students are doing 
• Analysis algorithms, object definition thresholds are automatically 

synchronized to program output 
• Full algorithm including thresholds is saved into output ROOT files

 19First reactions



• Extensive timing tests between “hard coded” and 
configurable analysis options 

• CutLang currently takes ~5s for 37000 ttbar cms opendata events 
on a single core of my 3GHz, i7 laptop from 2014.   

• A CutLang Gui is underway 
• edit config file, run, look at histograms… 

• Improve CutLang documentation  
& training guide including a wiki page 

• Improve compatibility between CutLang and LHADA 
• one or more input file converters could be written 

• Apply to more analyses to get more feedback 
• CutLang internal algorithms could be improved and expanded to 

cover more cases

 20

OutLook

We’ll have a CERN summer 
student to work on some of 
these projects.  
Any other volunteers?



backup slides

fin
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 22Debugging & speeding

For example, the one step and two step top quark reconstructions 
requiring one line and two lines to implement in the CutLang 
language take about 40 to 70 lines of standard analysis code in C++. 



• All predefined cuts in the library are derived from a generic class. 
• They each have a function to be evaluated:                   f(x) 
• They each have a limit value or an interval of values:      a 
• They each have an operator:                                          <= 

• Logical operators possible in both C and Fortran syntax 
• Recall: AND is a multiplication and OR is an addition.  

• Evaluation 
• For each event the function result is compared to the limit values 
• Each cut is then written as an arithmetical expression       1*((0)+(1))*1 
• Which is converted to Reverse Polish Notation for numerical evaluation using the 

Shunting Yard algorithm 
• Resulting number is a Boolean for deciding to drop the event, or not. 
• Function value can also be extracted for histogramming

f(x)<=a}

 23Internal workings

https://en.wikipedia.org/wiki/Shunting-yard_algorithm

