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"« Accelerator modeling
- the need for high-performance computing
* The Synergia framework
- interfacing, extending, & encapsulating components
- job management

http://cepa.tnal.gov/psm/aas/Advanced Accelerator Simulation.html

* Synergia applications

- analysis tools & analysis
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W Accelerator Modeling

* Beam line elements capture, contain & guide the beam
- external forces; single particle optics
* Forces generated by the beam
- collective beam effects; depend dynamically on the beam
distribution
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W Problem Overview
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* Model behavior of ® Collective effects
- ~10% particles depend on beam

- through 100's of distribution
beam-line elements ¢ Beam distribution
- 100's-1000's times  affected by

- 6 degrees of - external forces
freedom/particle

(3D in configuration
space)

- collective effects
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W Multi-particle dynamics
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* Self consistent * Typical grid size:
solution requires 3D 65 x 65 x 65
modeling

* Large number of
* Use particle-in-cell macroparticles (1-

(PIC) techniques 10M) required
- solve continuous * Parallel computers
equations on are necessary

discrete grid



Additional issues

erators are * Analysis of

icated devices  simulations come in

ations have many forms
complicated inputs

and complicated
running conditions



Multi-particle dynamics modeling

* Split Operator Method

- Magnetic optics: efficient particle transport, rapidly
varying forces

- Multi-particle: computationally expensive, slowly
varying forces

H=H H=H
ext H=Hext+Hsc >
minimize number of Magnetic Multi-Particle
“expensive” steps Optics Simulation
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| Developed as part of US DOE SciDAC program, with
objectives:

* To create beam dynamics framework to model 3-D
collective beam effects

- The code should

* Integrate/utilize existing packages
* Be easily distributable & portable

* To model future and operating accelerators

- benchmark code & help optimize machine performance



* Modularize, encapsulate &
extend existing packages
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- mxyzptlk/beamline libraries

* arbitrary order single
particle optics (C++)

- Impact space-charge
mxyzptlk/

beamline /

* Poisson solver; 3D parallel
FFT using MPI (F90)

* Job management and physics
utilities (Python, C++, Octave)



* Fully functional job management system (Python)
* Portable build system (GNU Autotools)

import
results

job creation
job DB




Synergia framework

mad file = myopts.get value("Mfile")
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myopts.get valuel"energ
if myopts.get value("matchcurrent") != None:
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job creation script
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* Test suite & documentation

system

* Python utilities:

- envelope equation solver

(properly matched input beam)

- Octapy: python to octave

bindings
* Data persistency
- utilizes HDF5
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init__(self, length, steps, map_steps, field_scaling, rf_freq,
driven_phase_deg, file_name, radius_m])

describe(self, file=<open 1 tdout>', mode 'w'>)
preprocess(self)

write_line(self, file)

lass Drift_element

__init__(self, length, kicks, steps, radius)
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Fermilab Booster studies

beam width evolution, compared to experiment
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Studying Halo Formation

kurtosis k=

horizontal vertical
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Synergia framework status

(Human Interface) Erogram Floa

. : , .
Python gram & User interface: flexible

geometry and program flow

Fortran90
Lattice
C++
RF
Fortran90
njection
Fortran90

pace Charg
Fortran90

Propagation)

eometr
text file

MPI

* Internal geometry
representation constrained
by F90 program flow module

- complicates addition of
new physics modules




Synergia framework design goal

Eliminate F90 control flow
module

Advantages

- enhanced flexibility

* new physics modules can

Human Interface

Program Flow
Python or C++

MPI

Fortran90

Propagation

be trivially added

* dynamic loading possible

Requires: better module
interface definition
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F
W Summary
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framework

- incorporates and extends existing codes
- provides job management system

- documentation & test suite

* Already used for beam studies

* Will be extended to include more physics

- requires some framework development



