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Outline

» Synchrotron Radiation Basics

 Introduction to OSCARS

 Basic SR Calculations

e Calculations on 3D Geometries

* Time Dependent E, B
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SR Basics

* Goal of looking at a beam and calculating radiative properties

« Beam, Bending Magnets, Quads, Insertion Devices, Arbitrary Fields

* First is to solve for the trajectory 4
« 2nd order differential equation .- Jw w MWH HH[ M
d,p < ¢ [
= q(E -+ 5(: x B )
» Typically solved via 4" order Runge-Kutta method N
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SR Basics

 Calculate a quantity of interest (from trajectory information)

* Flux, from E-field

i voo [ 1 acd_, ax@-Bxd]
E(#w) = Cf—oo v? R2(?—§.5)2 T n;<(1n_ﬁ.;*)xz e TR/ dr

* Numerically integrate this (and the like) to desired accuracy

« Smaller trajectory steps = higher accuracy, cost is time and memory

« GPU and multi-threading good candidates for this
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Introduction to OSCARS

* Open Source Code for Advanced Radiation Simulation

* Spectra : | o
. - NP ¢
« Power Density N
7 3 — o 20022909 1
¢ 199629985
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« 3D Power Density (including CAD)

* Multiple beams ¥
A
» Time dependent E(t) and B(t) fields - AR
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About OSCARS

* Multi-threaded internally

« Simply add argument: nthreads=72 for faster calculation

« Capable of using Multiple-GPUs simultaneously

« Simply add: gpu=1 (for all available), or gpus=[0, 1, 4] to specify which GPUs to use
« Using CUDA, GPUs communicate directly (direct GPU-GPU data transfers)

 MP| compatible, Used on large-scale grid computing (i.e. Open Science Grid)

« Written in c++ (for speed) with python API

« Technically: C-Python extension
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Where to find OSCARS

* Anywhere (pypi)
* pip install oscars
* Anywhere (conda)

« conda install oscars —c lightsource2-tag

* https://oscars.bnl.qgov
e oscars@bnl.gov
* https://qgithub.com/dhidas/OSCARS

Full documentation and many examples
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oscars.bnl.gov [¥] Ju

home || examples || download || doc || fag || contact
OSCARS

Open Source Code for Advanced Radiation Simulation

Home

Latest release: 2018.06.27 - 2.1.8

OSCARS is a modern code for the computation of radiative properties of charged particles in electromagnetic fields. OSCARS is capable of calculating spectra, flux, and
power densities for arbitrary field configurations, multi-particle and mixed-particle beams, with user configurable precision. Notably, OSCARS is capable of calculating flux and
power density distributions on arbitrary shaped surfaces in 3-D. It also accepts time-dependent electric and magnetic fields as input.
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Advantages of OSCARS

« Accurate calculation with user defined precision.

s Multi-threaded and capable of using your GPU.

» Input of time dependent fields.

« Designed with very large scale computing in mind.

« Simple and very powerful python API (application program interface).
» 100% Open Source.

« We welcome feedback and contributions.

The core of OSCARS is written in modern c++ for speed with a simple python user interface. No additional packages are required to run the core of OSCARS. One can easily
run OSCARS on their desktop or laptop computer. It also comes with utilities to use MPI for your local machine and cluster usage. Significant gains are achieved through the
use of graphical processing units (GPUs) and OSCARS makes this very easy for compatible nvidia GPUs. OSCARS was also designed with very large scale computing in
mind and easily runs on "the cloud” and such facilities as the Open Science Grid.

OSCARS is also intended to be an open source and community based project with contributions from anyone willing and able regardless of institution or position. We also
encourage user feedback in order to continually improve the ease of use and calculations within. If you are interested in contributing or giving us feedback, please send an

email to oscars@bnl.gov.
Last modified: 27 June 2018.

oscars@bnl.gov
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Where to find OSCARS

* Anywhere (pypi)
* pip install oscars
* Anywhere (conda)
« conda install oscars —c lightsource2-tag
* https://oscars.bnl.gov
 oscars@bnl.gov
* hittps://qithub.com/dhidas/OSCARS

* Full documentation and many examples

P71 U.S. DEPARTMENT OF
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Mathematical Notes

Units

Contribute

oscars.bnl.gov/doc/2.1.8/ [v) uil

Docs » Welcome to the OSCARS documentation! View page source

Welcome to the OSCARS documentation!

OSCARS is a generalized tool for calculating the radiative properties of charged particles in
electromagnetic fields.

This software package supports

« Fully relativistic trajectory calculations in 3D

Calculation of Spectra

« Power density calculations on arbitrary shaped surfaces in 3D

« Flux density calculations

* Multi-particle simulations

« Non-zero emittance beams

+ Mixed-particle beams

» Importing of field data in several formats

« Users who are interested in contributing to further development

This software package provides

« Auserinterface in python

« Multi-threaded operation

« Simple utilities for GPU computing
« Support for grid computing

* Support for MPI

Contents:

» |ntroduction
o Advantages of OSCARS
o Practical Applications
s Examples
o Common Keyword Arguments
o Example Calculations
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Where to find OSCARS

* Anywhere (pypi) Windows \’

-

° plp insta" oscars ece® <> m & oscars.brl goviexampies,php ¢ &

home || examples || download || doc || fag || contact

OSCARS

[ ) An yW h e re (CO n d a ) Open Source Code for Advanced Radiation Simulation

Examples

Here you will find from simple to very detailed examples of calculations one can do using OSCARS. The examples are followed by an "All About" section which describes in
detail what one can do with specific features in OSCARS.

« conda install oscars —c lightsource2-tag oetin sarsd

These examples contain the most basics elements of OSCARS to get started quickly.

Undulator Spectrum ynb .py
Undulator Flux ynb .py
Undulator Power Density ynb .py
[ h ttpS - //O S Ca rS b n I q OV Undulator 3D Power Density Dy
u [ [ Undulator 3D Power Density CAD Surface py
Importing Field Data :html .ipynb .py
Detailed Examples
These examples contain more realistic scenarios and explanations
PY OS Ca rS b n I 001 Dipole Trajectory .html .ipynb .py
/, - q OV 1002 Undulator Trajectory .html .ipynb .py
003 EPU Trajectory .html By
004 Undulator Plus BM Trajectory .html oy
005 Canted Straight Trajectory .html .ipynb .py
006 Imported Field Trajectory .html .ipynb .py
007 Importing Trajectories .html Y
. " 022 Undulator Spectrum Y.
* https://github.com/dhidas/OSCARS n
u L 032 Undulator Flux By
033 EPU Flux ynb .oy
042 Undulator Power Density Py
043 EPU Power Density By
122 Undulator Spectrum Multi-Particle .py MPI
123 EPU Spectrum Multi-Particle -html .py MP1
- 132 Undulator Flux Multi-Particle :html .ipynb .py MPI
» Full documentation and many examples o o 1

142 Undulator Power Density Multi-Particle .html .ipynb .py MPI

147 EDI | Druiar Nansity Mol Dartisala bl imumk s RADE
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SR Simulation Construction

 Elements of an SR Simulation

Insertion Device
. . . (Or BM 'etC)
Beam Definition =

x0=[0,0,-1]
t0=0

sssswne L b FLLLLE SR S Ll T CEE LA
-~

: : : ctstop=1 Viewing plane
CtStart=_ 1 : NG . E (or observation point)
. : ' (x = [0, 0, 30])
origin
(ct - 0)

----------------------- 2 [m] ======eemsseemmecedomccnenneees 20 [M] mmmmmmmeeeeey
DR L W translation=[0,0,30] ----------!
{2)JENERGY 10 T




SR Full Simulation (from previous page)
Should be easy, here to help you

import oscars.sr
Osr = oscars.sr.sr (gpu=l,
nthreads=16)

osr.set particle beam(type=’'electron’,
energy GevV=3,
ctstartstop=[-1, 1])

osr.add bfield undulator (bfield=[0, 0.8375, 0],
period=[0, 0, 0.0427],
nperiods=38)

osr.calculate power density rectangle (plane=1'XY’,
width=[0.04, 0.04],
npoints=[101, 1017,
translation=[0, 0, 30])
@ENERGY " )
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Magnetic Fields
« Many types of built-in fields

« Undulator, bending magnet, gaussian quadrupole, arbitrary Python
function, data files, interpolated data

 Add a simulated undulator

osr.add bfield undulator (bfield=[0, 0.8375, 0], period=[0, 0, 0.042], nperiods=38)
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Calculate Trajectory

 Calculate trajectory as a sanity check (not necessary)

osr.calculate trajectory()

le=6 Particle Trajectory =2 Particle Trajectory le=2 Particle Trajectory

Position : .
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Calculating Spectra

 Calculate spectrum at observation point
30], energy range eV=[10, 25000])

osr.calculate_ spectrum(obs=[0, O,

114 Spectrum
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Calculating Flux

 Calculating the flux at specific wavelength on an observation plane

osr.calculate flux rectangle(plane='XY’,
energy ev=318,

width=[0.01, 0.01],
npoints=[101, 1017,
translation=[0, 0, 30])

Flux [y/mm?/0.1%bw/s] le14 Spectrum
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15 4

10

¥mm#0.1%bw/s
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Energy [eV]

77, U.S. DEPARTMENT OF
“9/ENERGY

BROOKHFIAEN

NATIONAL LABORATORY



Calculating Flux

 Calculating the flux at specific wavelength on an observation plane

osr.calculate flux rectangle(plane='XY’,
energy ev=318,
width=[0.01, 0.01],
npoints=[101, 1017,
translation=[0, 0, 30])

1e—3 Flux [y/mm?/0.1%bw/s] le14 Spectrum
210 1

15 A

10

¥mm#0.1%bw/s
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290 300 30 320 30 M0 350
Energy [eV]
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Calculating Power Density

 Calculate power density on observation plane
osr.calculate power density rectangle (plane='XY’,
width=[0.04, 0.04],
npoints=[101, 1017,
translation=[0, 0, 307])

Power Density [W/mm?]

Power Density [W/mm?] 2o o=

20
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Calculating Power Density

 Calculate power density on observation plane (3D)

osr.calculate power density rectangle (plane='XY’
[0.04, 0.04],

width=
npoints=[101, 1017,
translation=[0, 0, 307])

Power Density [W/mm?]

Power Density [W/mm?)
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Power Density — Parametric 3D

« Advantage: Much easier visualization

Power Density -250 urad - 500 um yoff [W/mm?]

0010
0.005
ww & POwWer Density

Inner wall,
NSLS-II Dipole chamber

=0.005

=0.010

100

« Major disadvantage: Very difficult for complex objects
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Power Density CAD

« Can now import CAD model in STL format
* Allows for substantially more complex objects (than shown here)

Power Density [W/mm?]

0.006
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Power Density CAD
« Can now import CAD model in STL format
* Allows for substantially more complex objects (than shown here)

Power Density [W/mm?]

(096
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Time Dependence

« Any functional form B(x, vy, z, t), E(X, Y, z, t) or real field data in resonance

« E.g. 100 [MHz], 10 [MV/m]

: 2
Electron motion in RF E-field 1e7 le—1 Power Density [W/mm-]
1 00 T mﬁ\ ma\‘ m\“ (’ o 1 OC 4 1@-12
075 I 1R AR -0.75
! \ ’ \ ,‘ \
0.50 ‘4‘ \ ,4‘ H ! : L 0.50 2 8e-13
\ | |
I I I
0.25 - Ela Bl gi ] L 0.25
g1l o ¥ 13 : \ = fe-13
& 000 - : \ ',' \ ‘,' |‘ L 000 W = 0
I 1 | ]
~0.25 - ' 1 3 bl 3 ' F-0.25 4e-13
1' ‘, : ‘| ' “ i -2
-0.50 - |‘ ‘l \ " \ " \ ] T -0.50
| 'l vl \ ', ) 2e-13
-0751{ \| ]} il ! v v, [-075
J ' \ ! \ ,I \ ll -4
- 4 ’ ” e v - -1.00
1.00 ' : ' ' ’ : ‘ Oe+00
-15 -10 -05 00 05 10 15
time (s) le-8
« Also valid for very high fields > 100 [GV/m]
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Conclusion

« Synchrotron Radiation Basics

* Introduction to OSCARS and basic calculations
 Calculations on 3D Geometries

* Time Dependent E, B

* Visit, contribute: https://oscars/bnl.gov

Thank You
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