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Overview of space charge solver

Also called Poisson Solver
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Tensor Decomposition

Consider a N-order tensor A € RI1*2%-XIn

Define an operator X, which is tensor mapped to tensor, forany matrix M € RU*!i, ithas:

This operation equates to swapping the involved dimension of the tensor with that of the product
matrix, i.e., it implements the mapping:

R11X...X5T[5:<...XIN N Rllx"'x:T]-'?(---XIN

Specifically, if tensor A is a square matrix, then the operation becomes:

So this is High-order Singular Value Decomposition, HOSVD.



Solver Algorithm and benchmarking

® The discretized Poisson equation with boundary conditions
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Solver Algorithm and benchmarking

® The discretized Poisson equation with boundary conditions

solving domain
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Dirichlet boundary

The handling of Dirichlet boundary condition is rather special: the form of the differential
operator matrix remains unchanged, and it is only necessary to superimpose the electric potential at the
boundary onto the charge distribution.
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Solver Algorithm and benchmarking

® The discretized Poisson equation with boundary conditions

solving domain
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Solver Algorithm and benchmarking

® The discretized Poisson equation with boundary conditions

0
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We need to rebuild
the operator matrix

y
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where, @ is Kronecker product

L.y € RN*y*Nxy is [dentity matrix

(P*;ﬁ* = RNxNyXNZ



Solver Algorithm and benchmarking

® Algorithm construction
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Solver Algorithm and benchmarking

® Time complexity of algorithm
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Solver Algorithm and benchmarking

® Benchmarking: open boundary
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Solver Algorithm and benchmarking

® Benchmarking: transverse round dirichlet boundary, longitude open boundary

l [ ]
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2nlo? For a continuous beam with a transverse Gaussian distribution, the electric

e —_— field it generates within a circular ideal conducting vacuum chamber is:
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Solver Algorithm and benchmarking

For a beam comprising multiple micro-pulses, with transverse Dirichlet

boundary conditions applied, the space charge force can generally be calculated

- s ) wall using longitudinal periodic boundary conditions, owing to the periodic micro-
<L>bunc.h> S pulse structure and the approximate uniformity of parameters across individual
wall micro-pulses.
image particles
Assume there are seven micro-pulses in total.
1. The seven micro-pulses are treated as a single entity and solved using
transverse Dirichlet boundary conditions and longitudinal open boundary
400 seven bunches bunch 4

conditions.

2. Only the central micro-pulse is solved, using transverse Dirichlet

boundary conditions and longitudinal periodic boundary conditions.

" The results from both methods, as shown in the figure, are consistent.
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longitudinal periodic boundary conditions for the solution.



Some Applications

® Simulation code
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Some Applications

® Application:
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Some Applications
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Some Applications
® Application: compare to Pyorbit
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Thank you !
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