Multi-Objective Optimization With ACE3P and Impact

David Bizzozero!, Ji Qiang’,
Lixin Ge?, Zenghai Li?,
Cho-Kuen Ng?, and Liling Xiao2

| SEPE 1
1 ;
%

:

1: Lawrence Berkeley National Laboratory, 1 Cyclotron Rd _5 / ey, A94720
“2: SLAC Natlo‘naIAeeeIeLat aboratory, 2575 Sand Hill LMJ Lﬂﬂe (o) Par , CA 94025[

——

STl | eSS Ert ; ,/ e = | -

e

‘ ﬁ NATIONAL IPACQl

== @  ACCELERATOR

B YN n50rATORY H BERKELEY LAB m




Overview of Accelerator Optimization

Accelerator layout and design optimization
— important for building future machines
Current methodology:
1. Optimize each physical component separately
2. Optimize lattice design with fixed geometry components
Issues:
« Separate codes for each component and lattice
* Final design not globally optimized (e.g. beam dynamics
simulations cannot change cavity shape)
New approach:
 Workflow management system to integrate codes
— global multi-objective optimization
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Introducing A3PI (ACE3P with IMPACT)

A3PIl Workflow Layout: :
. Python-based workflow / A3PI Single-Run Workflow \
* One input file contains alli Cubit Workflow Setup F“e\

parameters for all codes
« HPC tasks run sequentially
within workflow
 Parameter values updated
for new evaluations Extract Field Data
* Encapsulate workflow as o —

“black-box” function Impact-T //

 Modular code design

Convert Mesh Global parameters

Geometry parameters

Omega3P Mesh parameters

Eigenmode parameters

Initial bunch parameters
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Using A3PI for Multi-Objective Optimization on HPCs

/ A3PI Optimization Workflow \
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A3PI Optimization Hierarchy:

» Single-run workflows as
“black-box” functions

* Differential evolution
algorithms (NSGA-II) from
DEAP library

* Multi-node multi-worker HPC
job control with libEnsemble

» All settings/options in 1 file
(submit as 1 job to HPC)
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Injector Optimization Example

Accelerator injector with movable cathode (test model):
 Photocathode, solenoid, four 9-cell boosting cavities

* Input (9D parameter space):

Cathode stalk position d ;04 @nd driving phase 0 ,ihode
Laser spot size g, , and pulse length o,

Focusing solenoid strength B,
Boosting cavity phases 64,0,,05,0,

* Output to minimize (2 objectives):
Final transverse RMS emittance ¢,
Final bunch length oy,

 Other parameters fixed (e.g. bunch charge, mode freq.)
« Optimization via NSGA-Il with population 128 for 50 gen.
 Used 128 KNL nodes on Cori@NERSC for 1 hour*
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A3PIl Optimization Test
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A3PI| Additional Tools

A3PI Visualization Tools in MATLAB:
 Mesh plotting (acdtool NetCDF mesh)
* Field plotting (Omega3P field mode)
« Particle plotting (Impact-T particles)
* Optimization plotting (libEnsemble history array)
Customizable scripts with options:
* Interactive mode — to explore data
* Full 3D visualization for meshes, fields, and particles
« Sliders to select population generation or time-slice
 Animation mode — to export videos
* Video options such as background lighting
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A3PIl Mesh and Field Plotting Demo

Customizable options: >

* Full 3D camera controls 0.2
 Mesh color/visibility

* Lighting and field color options _
. Overlay Omega3P modal fields = °

0.1

Cathode \

Cathode Stalk/
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A3PIl Particle Plotting Demo

_ o _ _ Particle phase space plots
Particle position animation frames  Partcle sample 600 at £ = 33205 m
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Interactive
population
browser by
generation

Custom data
tooltip displays
input/output
values
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A3PIl Population History Demo
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Developed A3PI (ACE3P with Impact)
* Written in Python with some MATLAB utilities
* Interfaces codes (e.g. Cubit, Omega3P, Impact-T)
 Manages all aspects of workflow with 1 main input file
* Includes useful data visualization options
« Optimizes multi-objective problems with DEAP
 Runs on HPC systems with libEnsemble

Future Work:
* Perform optimization with realistic injector model
« Add functionality with more codes
 Test compatibility with more HPC systems
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