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1 Purpose of this document

The purpose of this document is to briefly summarize the capabilities available of elegant and the

SDDS toolkit for simulation of rings, linacs, and beam transport systems.. The description covers

both the serial and parallel versions. The intended audience is potential new users, who may want

to know in general terms what elegant can do without having to read the manual. Hence, we will

not show detailed examples. For that, refer to the example files available from our web site.
elegant is open source, with both source code and executables available.

More detail as well as the most up-to-date information will be found in the imanual, as well as
the forum. Users are encouraged to join and participate in the forum. At minimum, users should
subscribe to the “Bugs” topic, since this is where bug notifications are posted.

The capabilities of elegant for accelerator simulation will be broken down as follows:

1. Simulation capabilties, for example, the ability to simulate random errors.

2. Physics capabilities, for example, the ability to simulate coherent synchrotron radiation ef-
fects.

3. Cooperative capabilities, for example, the ability to read data produced by other programs.

2 Simulation Capabilities

The simulation capabilities of elegant at the highest level, irrespective of any particular physics,
are listed here. Generally speaking, these capabilities map into the commands that appear in the
main input file.

1. Tracking of rings, linacs, and transport lines
2. Computation of s-dependent and final properties, including

e Beam moments, from tracking or analysis
e Twiss parameters

Matrix elements

Trajectory /orbit

Trajectory/orbit response matrix

e Floor coordinates

3. Aperture determination


http://www.aps.anl.gov/asd/oag/cgi-bin/oagLog4.cgi?name=elegantExamples.tar.gz
http://www.aps.anl.gov/asd/oag/software.shtml#elegant
http://www.aps.anl.gov/Accelerator_Systems_Division/Operations_Analysis/manuals/elegant_latest/elegant.html
https://www.aps.anl.gov/Accelerator_Systems_Division/Operations_Analysis/phpBB3

e Input of s-dependent aperture
e Computation of dynamic acceptance

e Computation of s-dependent momentum acceptance
4. Optimization of results of computations and tracking
5. Tracking and computations with errors

e Generate or load random error sets

e Perform correction of tunes, chromaticities, trajectory/orbit
6. Control lattice parameters

e Scan parameters in multi-dimensional loops

e Alter parameters from values in lattice definition

e Load SDDS data to overwrite values in lattice definition
e Insert elements into lattice

e Sub-divide elements
7. Bunch generation, or reading of bunch data from files
8. Multi-stage simulation

e Load particles from previous tracking run
e Load lattice parameters from previous optimization run

e Load errors and correction settings from previous error run
9. Time-dependent ramping or modulation
10. Determination of frequency maps for rings

11. Change of particle type (default is electrons)

3 Physics Capabilities

The physics capabilities of elegant are listed here. Generally speaking, these capabilities map into
elements that can appear in the lattice file.

1. Single-particle dynamics
e Magnetic elements using matrix or symplectic tracking methods, e.g., drifts, dipoles,
quadrupoles, sextupoles, higher multipoles, wigglers, alpha magnets, solenoids, etc.
e Stray fields and steering correctors
e Undulator kick maps[9].
e (lassical and quantum synchrotron radiation effects in magnets
e Accelerating and deflecting standing-wave rf cavities
e Traveling wave linear accelerating cavities

e Scattering by materials or using user-defined distributions



2.

3.

Time-dependent dipole and multipole kickers

User-designed transformation using external program

User-specified matrix

e Apertures and scrapers
Collective dynamics

e Short-range wake fields and impedances.

e Long-range wakes due to resonant modes.

Coherent synchrotron radiation.

Longitudinal space-charge impedance [4].

e Transverse space-charge kicks for rings [5].

Intrabeam scattering [6].

Touschek scattering [7].
Other

e Beam position monitors
e Phase space output and analysis monitors

e Digital feedback systems

4 Cooperative Capabilities

One of the strengths of elegant is its ability to work cooperatively with other programs. This is
done through the use of SDDS (Self-Describing Data Sets[I], 2]) files. Such capabilities include

1.

Use of the general-purpose SDDS toolkit for postprocessing and graphics. Capabilities include
sophisticated plotting, definition of new quantities using formulae, filtering, cross-referencing,
sorting, one- and two-dimensional histograms, frequency analysis, fitting, etc. You can find
out more about SDDS from the SDDS Info Page.

. Reading particle distribution data from other programs, including ASTRA [10], IMPACT

[11], and TRACK [12].

. Phase space analysis to obtain twiss parameters and moments.

. Computation of radiation brightness and flux tuning curves, as well as radiation distributions

and other properties.

. Upsampling of particle distributions to increase particle number, smooth the distribution,

and add modulations.

. Processing of quadrupole-scan emittance measurement data.
. Computation of the CSR impedance for use in tracking [§].

. Use of elegant data for Touschek lifetime, intrabeam scattering, and potential well distortion

computations.

. Translation of elegant lattice into other formats.

10.

Computation of multipole error data to reflect defined magnet construction errors [3].


http://www.aps.anl.gov/asd/oag/SDDSInfo.shtml
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