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FY10+FY11 FY12+FY13 FY14+FY15 FY16+FY17 FY18+FY19 TOTALS

Funds 
Allocated

0+56 55+52=107 50+54=104 50+50=100 55+55=110 $477K

Actual Costs 
to Date

56 107 104 100 110 $477K

FY18 FY19

Quarter 1
Identification of speed and parallel efficiency 
bottlenecks in the current version of PHAD.

Re-establish closer working relationship with 
JLEIC project management.

Quarter 2
Amelioration of speed and efficiency bottlenecks in 
PHAD.

Update our understanding to enhance 
responsiveness to the progressing needs of 
electron-ion collider cooling needs.

Quarter 3
DC electron cooling initial rate estimations for 
different ion species (charge states) at low energy.

Provide code and assistance as needed to JLAB 
staff to simulate electron cooling.

Quarter 4
Low energy electron cooling initial rate estimations 
for different initial distributions and external fields.

Initiate possible collaboration with BNL EIC 
project.
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* Chandrasekhar S 1942 Principles of Stellar Dynamics (Chicago, IL: University of Chicago Press)
* Trubnikov B A 1965 Particle interactions in a fully ionized plasma Rev. Plasma Phys. 1 105
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Bell, G. I., Bruhwiler, D. L., Fedotov, A., Sobol, A., Busby, R. S., Stoltz, P., ... & Litvinenko, V. (2008). Simulating the dynamical friction force 
on ions due to a briefly co-propagating electron beam. Journal of Computational Physics, 227(19), 8714-8735.
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Sobol, A. V., Bruhwiler, D. L., Bell, G. I., Fedotov, A., & Litvinenko, V. (2010). Numerical calculation of dynamical friction in electron 
cooling systems, including magnetic field perturbations and finite time effects. New Journal of Physics, 12(9), 093038.
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Force computation 
𝒪(𝑁2)

Accurate and efficient 
time stepping

Long time-scale 
dynamics

• Reduced to 𝓞(𝑵) using 
the FMM

➢ Adaptive hierarchical 
space decomposition

• Developed the Simo` 
Integrator

➢ Automatic selection of 
stepsize and order, 
optimal values according 
to Simo`’s theorem

• Strang splitting
➢ Combine exact and 

numerical solutions
➢ Maintain symplecticity

https://en.wikipedia.org/wiki/Octree
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https://www.niu.edu/beam-physics-code/
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ZHANG, Yuhong – JLAB
BENSON, Stephen – JLAB
ZHANG, He – JLAB
WANG, Haipeng – JLAB
ZHAO, He – BNL



Xia, Jia-Wen, et al. "The heavy ion cooler-storage-ring project (HIRFL-CSR) at 
Lanzhou." Nuclear Instruments and Methods in Physics Research Section A: Accelerators, 
Spectrometers, Detectors and Associated Equipment 488.1-2 (2002): 11-25.

Zhao, H., et al. "Simulation of ion beam cooling with a pulsed electron beam." Nuclear 
Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, 
Detectors and Associated Equipment 902 (2018): 219-227.

Yuhong Zhang and Haipeng Wang, “Bunched Beam Cooling Experiment.” 2018 Accelerator Research & 
Development PI Meeting, November 13-14, 2018

The 2nd cooling 
experiment run 
(2017)
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PHAD 
cooler

COSY 
ring map



• 𝑠 −

• 𝑡 −

•

𝑠 𝑡

Cooler by 
PHAD

Transfer 𝒕 → 𝒔

Ring map by 
COSY

Transfer 𝐬 → 𝒕



Test 1:
Some code errors

Test 2:
Errors corrected
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Ma, J., Wang, X., Wang, G., Yu, K., Samulyak, R., & Litvinenko, V. (2018). Simulation studies of modulator for coherent electron 
cooling. Physical Review Accelerators and Beams, 21(11), 111001.

Modulator section of 
PoP CeC experiments 
in RHIC at BNL
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Website: https://www.niu.edu/beam-physics-code/

https://www.niu.edu/beam-physics-code/
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