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Software R&D as part of (Detector) R&D 
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Detector Simulations  + Physics Simulations 
 

 
 
 
 
 
 
 
 
 
Online and offline software framework 
 
One decade of software development  
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Software trends we should incorporate 
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Web Applications 



Big Data - A possible paradigm shift for NP / HEP? 
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•  Big Data is not about size 
•  Big Data is about the ability to quickly analyze large amounts of data. i.e.  

•  have all raw and processed data permanently stored  
•  in a scaleable random access storage  
•  with fast, efficient data indexing (lookup) capabilities 

•  resulting in a) more efficient use of computational resources (CPU) and b) fast 
data (re)processing and analysis 

•  statistical language for R:  
•  emerging as the leader in statistical languages for Big Data 
•  an alternative to ROOT?  
•  NP should acquire some knowledge here (cooperate with other fields / industry) 

•  NoSQL (non-relational) databases:  
•  more flexible   
•  better scaleable than traditional, relational databases 
•  e.g., a graph database (e.g., used by Facebook) 

•  R&D project:  
•  combine data of various SIDIS experiments 
•  in a graph database 
•  extract observables for TMDs 
•  exploring modern data science methods 
•  perhaps taking advantage of a supercomputer (exascale computing project) 
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EIC Software Meeting (09/24 and 09/25) 
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•  organized	  by	  Elke-‐Caroline	  Aschenauer	  (BNL)	  and	  Markus	  Diefenthaler	  
•  36	  par+cipants	  from	  both	  BNL	  (mostly	  remotely)	  and	  Jefferson	  Lab	  

•  focus on detector and physics simulations:  
•  Monte Carlo generators for the EIC physics 

program 
•  tools for detector simulations 
•  tracking software 
•  tools for detector development 

•  goal of the EIC software meetings:  
•  review the software status  
•  identify interfaces between the BNL and 

JLab software 
•  chance for an active collaboration   

	  
	  



Fast Monte Carlo Productions 
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•  MEIC detector and physics simulations based on GEMC 
•  GEMC: framework for the Geant4 toolkit (C++), developed by Maurizio Ungaro (Jlab) 
•  simulation of simple and full featured detectors (including estimated detector responses) 
•  fast running mode will full detector acceptance for physics simulations  
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Example for GEMC simulations 
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Electron Downstream View Ion Downstream View 



Towards a full track reconstruction 
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•  implement full track reconstruction in the central detector:  

 
•  validate the resolution of single tracks in the central detector 
•  study the impact of secondaries and random backgrounds 
•  extend reconstruction to near- and far forward regions 

•  develop a full reconstruction code for analysis of EIC data 
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•  using	  all	  subsystems	  
•  realis+c	  layout	  of	  support	  

structures,	  cooling,	  and	  other	  dead	  
material	  

•  base	  track	  reconstruc+on	  on	  
EICRoot	  tracking	  with	  generic	  track	  
fiTng	  (Kalman	  Filter)	  

•  requires	  ROOT	  interface	  in	  GEMC	  

low-Q2 electron detection 
and Compton polarimeter 

far forward 
hadron detection 

central detector at IP 
p e 



Spectator Tagging Simulations 
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slide	  by	  
C.	  Weiss	  



Spectator Tagging in GEMC 
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slide	  by	  
K.	  Park	  



Software development for the EIC 
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•  detector and physics simulations based on GEMC framework 
•  R&D projects identified after EIC Software Meeting:  

•  Monte Carlo generator for TMDs 
•  take advantage of Pythia8 developments 
•  work on interfaces between Jefferson Lab and BNL software:  

•  ROOT API for GEMC 
•  standalone track reconstruction software based on EICRoot 

•  R&D project for using Big Data ideas for NP / HEP, possibly facilitating supercomputing 
(exascale computing project) 
•  chance to learn from the past and implement an elegant (and thus simple) framework 

•  chance to contribute already now to the EIC project 
•  chance for an active collaboration:  

•  among future experiments at Jefferson Lab 
•  between Jefferson Lab and BNL 
•  between Jefferson Lab and users 
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