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Motivation

• Relativistic (g>25) hadron cooling 

needed for EIC design luminosity:

• bunched beam stochastic cooling

• plan B:  conventional e- cooling

• new:  strong hadron cooling (SHC)

• ‘Conventional’ e- cooling has only 

been demonstrated for g<5

• caveat:  BNL’s CEC PoP exp’t showed 

~100 hr cooling time for g~28

• Dynamic friction for g>>1 yields 

short time dynamics

• asymmetric collisions are essential

• no time for electron shielding effects

• existing models are overly optimistic

Image borrowed from the BNL website,
https://www.bnl.gov/eic/machine.php

https://www.bnl.gov/eic/machine.php
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Magnetized configuration with 20 min cooling time

• Optimized for 25 GeV protons in the BNL EIC collider ring 

• configuration obtained using JSPEC with a nonlinear optimizer

• running in parallel on Sirepo / Jupyter servers

• configuration can be imported to Sirepo / JSPEC app for interactive exploration

proton beam e- beam cooler

E 25.0 GeV ge=gproton
27.652 L 140 m

Nprotons
1.34e12 Qtot

8 nC B-field 5 T

zRMS
7 cm zRMS

7 cm horiz. disp. 0.3 m

εx,y,norm 2.5 μm xRMS
2 mm vert. disp. 4 m

βx
16 m Tx,y

1e-5 eV

βy
28 m Tz

0.01 eV

13.6 MeV
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Overview of JSPEC capabilities:

• A C++ package for intrabeam scattering (IBS) and electron cooling simulations

• developed by He Zhang (JLab)

• The friction force models have been benchmarked against BETACOOL

• Modified with a Nelder-Mead optimization method for minimizing the cooling time 

https://github.com/zhanghe9704/electroncooling

https://github.com/zhanghe9704/electroncooling
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Parameter scans on the Sirepo / Jupyter server

• Cooling rate dependence on parameters can be isolated

• very difficult to do via BETACOOL
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20-minute cooling challenge requires further work

Same effect seen in other work, 
including recent work on strong 
hadron cooling;
G. Wang, PRAB 22, 111002   (2019)

S. Coleman,
JSPEC, this 
project.

• Simplified RMS treatment of the ion beam yields good results

• Macro-particle treatment of ions → non-Gaussian velocity distributions

• narrow central peak (seen in previous work) is not acceptable

• correct non-Gaussian IBS could moderate this effect

• beam energy jitter could be helpful

+dEb

-dEb
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Benefits of using Sirepo / JSPEC –

• Interactive visualization

• User sees y emittance decreasing, 

witch constant x emittance

https://sirepo.com

https://sirepo.com/
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• Large v  (v >> s):
– Fll ~ A / v2

– A is from asymptotics & 
dim. analysis

– agrees exactly with 
Derbenev & Skrinsky

– Parkhomchuk is too large 
in this limit

• Small v  (v << s):
– dF/dv ~ A / σ3

– s is from asymptotics & 
dim. analysis

New model for short-time magnetized friction force

Param’s are taken from Fedotov, Bruhwiler et al.:

Au+79;  g=107;  ne=1015 m-3;  B=5 T

tint = 4x10-10 s   ~ 56 TLarmor ~ 0.16 Tplasma

typical e- sep.    ~ 4.9x10-6 m  ~ 10 rLarmor

Parkhomchuk, warm 

e-

Parkhomchuk, cold e-

RadiaSoft, warm e-
RadiaSoft, cold e-

D&S, cold 

e-
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The RadiaSoft team provides unique capabilities:

• Software Engineering

o cloud computing

o distributed computing

o browser-based GUIs

• Physics & Data Science

o computational physics

o parallel computing

o machine learning

o nonlinear optimization

o particle accelerators

o plasma devices

o x-ray optics

o control systems

o radiation modeling

• Operations

o project management

o technical writing

o accounting

Rob Nagler Paul Moeller Evan Carlin Mike Keilman Kevin Bruhwiler

David Bruhwiler Nathan Cook

Chris Hall Ilya Pogorelov

Jon Edelen Stephen Webb

Boaz NashStephen Coleman

Dan Abell

Abdou Diaw

Joan Danver Jessie Hansen Claudia Behnke Beck Cotter
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RadiaSoft provides contract R&D services,

as well as Sirepo-specific services:

• 3-year $100k subcontract from BNL, NSLS-II  (to be renewed)

• Sirepo / SRW development

• Annual support contract with USPAS/Fermilab (Year 1 concluded)

• Years of USPAS students using Sirepo will have important long-term benefits

• Lawrence Livermore National Lab (12-week project underway)

• Developing a Sirepo-based GUI for ITAR protected internal codes

• Will evolve into a “Sirepo Private Cloud” contract

• Sirepo Premium sales to individuals are now active:

• 3 customers so far:  1 each in Korea,  Japan  &  Italy

Overview of recent Sirepo-specific sales –
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RadiaSoft is supporting the US accelerator industry:

• Range of customers (2019 to 2021) –

• US companies: 2 (medical accelerator design)

1 (isotope production)

1 (food irradiation)

• DOE laboratories: 1 (shielding design) +      1 (education)

1 (light sources;  beams / vacuum chambers)

2 (Sirepo ‘private cloud’ & GUI development)

1 (PIC code development & simulations)

• DOD subcontracts:

1 (light source)

• University:

1 (magnetic horn)

• International labs:

1 (vacuum chamber)

• SBIR subcontracts:

3 (various topics)
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Thanks!      … any questions?

This material is based upon work supported by the U.S. DOE Office of 
Science, Office of Nuclear Physics under Award Number DE-SC0015212. 

• The open source JSPEC code (originated at JLab) has been improved
• parallelized for fast performance

• generalized for parameter sweeps and design studies

• Several new friction force models & 1 bi-Gaussian IBS model were added

• Sirepo / JSPEC is freely available on GitHub and via Sirepo.com
• now a viable US alternative to the aging (PC-based) Russian code BETACOOL

• easy to use for a much broader segment of the particle accelerator community

• An EIC design question (20-minute cooling times) is being addressed
• a complete answer is beyond the scope of this SBIR project…

• but the tools are now available.

• Sirepo improvements & RadiaSoft marketing is increasing sales!
• example Sirepo improvement:  previous versions of the Sirepo framework & a specified 

version of the ‘application container’ can be pulled from GitHub and instantiated

• this is required for ‘computational reproducibility’, which is important for a long-lived 
facility like the EIC

Conclusions
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The Sirepo sales brochure for GUI development –
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Overview of project accomplishments by task: 

• #1 - Develop a browser-based GUI for electron cooling

• the GUI has been developed:   https://www.sirepo.com – look for  JSPEC

• parallel execution via command-line is also supported     – look for  Jupyter

• #2 - Preconceptual design of a cooling and accumulator ring

• Ph 2:  completed by P. McIntyre at Texas A&M on subcontract

• Ph 2a pivot:  25 GeV protons in EIC (at injection);  20-minute cooling times…?

• #3 - Preconceptual design of an electron cooling system

• Ph 2:  ionization physics in Warp, https://github.com/radiasoft/rswarp

• Ph 2a pivot:  41 GeV protons in EIC (minimum collision energy)

• #4 - Study equilibrium electron cooling rates 

• JSPEC benchmarked with BETACOOL

• For 20-minute cooling times, non-Gaussian IBS becomes a serious issue

• #5 - Generalized friction calculations

• Developed a new first-principles calculation of magnetized friction for relativistic hadron 
colliders, where one must consider times less than a plasma period (in the beam frame)

• #6 - Develop software to perform dynamic friction calculations

• includes implementation of our own algorithms, mostly in Python

• contributions to JSPEC,  https://github.com/zhanghe9704/electroncooling

https://www.sirepo.com/
https://github.com/radiasoft/rswarp
https://github.com/zhanghe9704/electroncooling

