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Abstract
   JSPEC (JLab Simulation Package on Electron 
Cooling) is an open-source C++ program 
developed at Jefferson Lab to simulate the 
evolution of the ion beam under the intrabeam 
scattering effect and/or the electron cooling 
effect. JSPEC includes various models of the ion 
beam, the electron beam, and the friction force, 
aiming to reflect the latest advances in the field 
and to provide a useful tool to the community. 
JSPEC has been benchmarked against other 
cooling simulation codes and experimental data. 
A Python wrapper for Python 3.x environment has 
also been developed, which allows users to run 
JSPEC simulations in a Python environment and 
makes it possible for JSPEC to collaborate with 
other accelerator and beam modeling programs, 
as well as plentiful Python tools in data 
visualization, optimization, machine learning, etc. 
A Fortran interface is being developed, aiming at 
seamless call of JSPEC functions in Fortran. 
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Introduction
Jlab Simulation Package for Electron Cooling (JSPEC)
• Efficient C++ code for intrabeam scattering (IBS) effect 

and electron cooling simulation.
• Ion beam model: coasting or bunched
• Electron beam model: DC or bunched with various 

shapes, e.g. Gaussian, beer can, hollow beam, etc. User-
defined arbitrary shape is also supported. 

• Various formulas for friction force calculation in 
magnetized cooling or non-magnetized cooling.

• Supports ion beam dispersion and electron beam 
dispersion.

• Source code and documents available at github:
    https://github.com/zhanghe9704/electroncooling
• Support parallel computation in shared-memory structure 

with OPENMP
• pyJSPEC port most JSPEC functions to Python 3.x 

environment. 
https://github.com/zhanghe9704/jspec2-python

• A FORTRAN interface is under development.
• Under active maintenance and development. 

Benchmark with Experiments
Cooling of 86Kr25+ beam (5 MeV/nucleon) using 
electron pulses with the length from 600 ns to 
1000 ns in collaboration of Jefferson Lab (US) 
and Institute of Modern Physics (China) from 
2016 to 2019. 

Simulations and experiments agree well.
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*  Parameters in the above simulation come from Fanglei Lin’s talk on Monday 2:30 PM: Perspective of a Dual Energy Storage Ring Cooler for Hadron Beam Cooling.
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