
Mathematica in HEP - Large Scale Data 
Processing and ROOT Interoperability

Manuel Guth - University of Freiburg

Sebastian White - CERN/U. Virginia

HEP Diana 30.10.2017

1



Structure

• Motivation 

• Mathematica calls ROOT 

• ROOT calls Mathematica 

• Wolfram Cloud 

• Summary

2



Motivation

• Mathematica widely used in theoretical physics 

• Possibility to interact with experimental side? 

• How to make use of analytical Mathematica tools within 
ROOT? 

• Is there a quick tool to check data quality e.g. at test 
beam? 

• What about direct analysis of big data sets from 
experiment?
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Mathematica Importer for  ROOTFiles

• Taking advantage of nice and 
simple plotting features of 
Mathematica 

• Simple compared to other 
programming languages 

• Allow theorists to directly use 
data, provided from experiments 

• Detailed description:              
http://library.wolfram.com/infocenter/Articles/7793/ 
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http://library.wolfram.com/infocenter/Articles/7793/


Mathematica Importer for  ROOTFiles

• LHC Data Exploration from 
Natalia Kovalchuk:              
http://community.wolfram.com/groups/-/
m/t/1137265 
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• Nice starting point for 
undergraduated 
students 

http://community.wolfram.com/groups/-/m/t/1137265
http://community.wolfram.com/groups/-/m/t/1137265


Mathematica Importer for  ROOTFiles

• Feedback 

• Marvin Johnson (DUNE) 

• “Mathematica’s rich set of built in functions eliminates the need to generate 
my own code either in ROOT or Python. [..] allows real time analysis of data 
from test beams” 

• Missing Subfolder support from ROOTFile importer 

• Natalia Kovalchuk 

• Would need expansion of data type  

• Since Mathematica Importer for ROOTFiles is back working (minor changes 
were needed) -> new features can be implemented (need feedback from 
community)

6



ROOT calls Mathematica

• ROOT can interact via MathLink with Mathematica 

• Mathlink is included in the Mathematica installation 

• Supported for Linux and macOS 

• https://root.cern.ch/how/how-use-mathematica-root
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https://root.cern.ch/how/how-use-mathematica-root


ROOT calls Mathematica

• If there is no big interchange necessary 

• Parser from ROOT to wolframscript would be easy 

• Interplay only possible via strings 

• For small applications maybe more useful e.g. 
calculating an analytical Integral
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Conversion of Lecroy Binaries in Mathematica

• New plugin was written to convert 
binaries from Lecroy Oscilloscopes 
within Mathematica  

• No need for intermediate step (C++, 
python, matlab)
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Cloud Deploy

• General Idea: 

• Having a simple tool in the browser to perform quick data check 

• Idea came up during PICOSEC test beam (RD51 project, more details 
here) to check quality of time series data 

• Principle: 

• Upload data in zip format to web page 

• After computation, getting mail alert 

• Picking up the results from an specific URL 

• Realised in great collaboration with Jesus Hernandez from Wolfram
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https://indico.hep.anl.gov/indico/getFile.py/access?contribId=81&sessionId=26&resId=0&materialId=slides&confId=1185


Cloud Deploy
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Cloud Deploy
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1. Drag and drop .zip file (or browse)

2. Enter Mail 
3. Press “Submit”
4. Pick up results



Data Format similar to hdf5/ pandas

• Data format similar as in 
python (e.g. pandas) 

• Quick displaying tools with 
cuts etc.  (DensityHistogram,  
Histogram3D, 
SmoothDensityHistogram, 
Query[Histogram, “Y”], …) 

• Easy and fast handling (no 
need to mess with indices)
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Data Format similar to hdf5/ pandas

• Performed fits can be 
directly stored in well 
accessible table format 

• Also after cuts, e.g. event 
number stays associated 

• Fast and simple accessible 

• Sample data/fit from 
HyperFast Silicon (HFS) 
data within 2017 PICOSEC
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Outreach - LIGO Real Time Signal Detection

• LIGO collaboration used deep neural network in Mathematica for 
real time signal detection and parameter estimation 

• https://gravity.ncsa.illinois.edu/research/deep-learning/real-time-detection-and-parameter-estimation/ 

• Paper manuscript ready — “Deep Filtering: A Deep Neural Network Framework for Real-time Multimessenger Astrophysics” 
➡  will be published soon
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https://gravity.ncsa.illinois.edu/research/deep-learning/real-time-detection-and-parameter-estimation/


Summary

• Interaction of theorists with experimental side? 

✓ Mathematica importer for ROOT files 

• How to make use of analytical Mathematica tools within ROOT? 

✓ Calling Mathematica from ROOT 

• Is there a quick tool to check data quality e.g. at test beam? 

✓ Wolfram cloud deploy 

• What about direct analysis of big data sets from experiment? 

✓ Wolframscript (on lxplus?) or cloud computing
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Backup



Outreach - LIGO Real Time Signal Detection
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