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CST PARTICLE STUDIO =

-O Trackin Solver for particles in static fields including space charge or in harmonic
Trk S fields excluding space charge.
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Tracking Algorithm

Workflow

1. Calculate electro- and magnetostatic fields.

2.  Move particles according to the previously
calculated force. ‘ Trajectories

3.  Adjust trajectories/fields according to
space-charge (gun iteration).

d, . = Velocit = T
E(mv) =q(E+VxB) updatg m™ VT = mY +th(E”+1" +3" BT ‘)
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%:?f Position update g3z gnsl/2 A gl

Leap Frog Scheme



Gun Iteration - Space Charge Effect

m Without gun iteration:
Calculate electrostatic
> field distribution

Track particles and . . .
Has space-charge —
converged? -

Gun lteration

Relaxation of

space-charge
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Tracking Solver - Typical Application (I)

Electron Gun

Iron yoke (non linear)

Focussing
electrode
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M-static field

E-static field

Permanent magnets
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Tracking Solver - Typical Application (ll)

Electron Gun
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Iteration

Space charge effect is included via gun
iteration and space charge limited emission.
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CST PARTICLE STUDIO

-O Particle Self-consistent transient field and particle solver including full space
Pic In Cell charge effects at all frequencies.
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Particle in Cell (PIC) Algorithm

Self-cppmstent modeling of Relativistic equation of motion
a collision free plasma.

d, L
Macro charges (e.g. g=10%e") E(mv) —q(E+VxB)
\ -

dr

Current caused by particle motion acts as
source in Maxwell's equations.

curlﬁ:a—D+j; divj:_a_p
ot ot

A priori charge conserving algorithm.
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PIC Solver - Typical Applications (l)

Time Signals
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PIC Solver - Typical Applications (ll)

C-Band Linear Accelerator

E-field of accelerating eigenmode

Coupling
Slot ~a

aaation : -
Propagato Particle trajectory

=iz

[1] Design, simulation and measurement conducted by M. Ruf, K. Thurn and L.-P. Schmidt at Chair for High Frequency
Technology, University of Erlangen-Nuremberg
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PIC Solver - Typical Applications (lll)

Particle Beam
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RF Input Slow Wave Structure
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[1] R. Zheng and X. Chen, "Design and 3-D Simulation of Microfabricated Folded Waveguide for a 220GHz Broadband Travelling-Wave

Tube Application”, Proceedings of the IVEC 2009, Rome, Italy, April 28-30, pp. 135-136, 2009.
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CST PARTICLE STUDIO

Transient solver with special beam excitation (predefined fixed straight

(> .
WAK Wakefield beam path)
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Wakefield Solver

The Wakefield solver computes the wake potential:

s+ z

v

W(xayas):_/ (E(m,y,z,tz )+ﬁXB(mayaZat=S+z)>d'z
q1 J—o0 v

v Y

7, =
— ¢ n=7
g2 o—
& } »
X vt — s v
Excitation (pencil beam with Beam path Integration path

logitudinal Gaussian shape)



Wakefield Solver - Typical Application

Beam Position Monitor

150

Port Signal

Time/ns
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Sigma /.=’20 mm

Max. beam frequency = 6.B6585Z2 GHz

Beta = 8.75 ) )

Charge = 1e-0@8 C Note: Beta smaller Detailed view
than 1 is possible.
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New Features Overview

CST
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Geometry Handling - Hexahedral Mesh

= CST has extended the numerical algorithms with enhanced material

approximation techniques. PBA (Perfect Boundary
Continuous material T ApprOX]matlon)'
distribution N -Very accurate, but

S R - N relies on valid CAD

> shapes.

g Hexahedral mesh with PBA material

- approximation for metallic objects

[=]

S FPBA (Fast PBA):

= -Faster than PBA

-Can handle even CAD
models with artifacts

\

\ -Less accurate as

Hexahedral mesh with TST material Compared tO PBA

approximation for metallic objects

=3
N
N

Hexahedral mesh with simple
“staircase” approximation
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- Geometry Handling - Hexahedral Mesh

EFPBA is now the default algorithm used for solvers based on hexahedral meshes

Error of the 4th eigenvalue

—#— EFPBA

: : : : ! ' : : : —i— FPBA
0.01 g--:o:- sy == ¥ sy y —8— PBA
N S S S R S S S S bemane —%¥— Staircase

eps /-

0.00012662

10 15 20 25 30 35 40 45 50 55 60
Number of meshlines per wavelength

Enhanced FPBA provides both the robustness of FPBA and the accuracy of PBA.
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Eigenmode Solver

= Curved tetrahedral mesh available (up to 3rd

)
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= |mproved performance and convergence for many

quick

Tetrahedral mesh

convergence, < 2 min to
calculate 9 modes
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Model courtesy of Lancaster Un

Dr. Graeme Burt




Eigenmode Solver: Lorentz Force Detuning
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Mechanics: Lorentz Force Detuning

Fil= | Edit Yiew WIS Curves
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Deformed Mesh (scaled)

Mesh Deformation Plot

Outlook

\
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= Sensitivity analysis for

eigenmode solver to evaluate
from Lorentz force.
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= Automation with System

Assembly and Modeling (SAM)
ais possible.

3D 4_194e-08087 m at 17.1436 F —-1.68475 7 15
Frequency a
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2D Magnetostatic Solver

= Rotational and translational symmetry is available.
= (Can be selected in mesh dialog.
= Automatic mesh adaption.

Gl - 4, | 12| T

Hexahedral

Tetrahedral

¥ | Planar

Tetrahedral (presview)

LF: All Mesh

Type: Rotational
Triangles: 228
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PIC Solver: GPU Computing

o Nle

Nvidia Tesla 20 cards Number of Mesh Cells 1,000,188
are supported

Av. Particle Number 7.74e5
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PIC Solver: Secondary Electron Emission Models

Advantages:
Only a few parameters to configure

New model: Vaughan

Material Parameters: PEC
Problem type:
General | Thermal | Mechanice | Particle Emission Properties | Dangity
Ernigzian model
Yaughan ~| Edit
Wizualization options
Shaw 10 plat @ SEY O PDF
Incident angle: 0.0
Incident energy PDF: |100.0 el
Incident energy SEY: |0 e - 1000 e
[e]9 I [ Cancel ] [ Apply I [ Help

Disadvantage:

SEY - Waughan

Limited curve shapes
Only true secondaries

Not supported on the GPU, yet.

SEY - Vaughan

o e e o ] ] e o
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PIC Solver: Secondary Electron Emission Models

New model: Import Advantages:
Easiest definition

(Material Parameters: PEC j
Loading of measurement data possible
General | Thermal | Mechanics | Particle Emission Properties | Density G P U Su 0 rt
Emizzion model . p p
L]
T Disadvantage:
Only true secondaries
Shaw 10 plot: @ sev (O PDF SEY - Irmport
Incident angle: n.o 26 Irmpart
Incident energy POF: | 100.0 = 241 SEE Import
Incident energy SEY: |0 ey - 1000 e 227 SE Yield
21 SEY_material, bxt
E ]
1.24- Temperature: | 7.5 ]
1 1
0.8 1
06 t t t t t t t t t
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Post Processing - Emittance

Temnplate Based Postprocessing E
General Resutts E Evaluate PIC2D Monitars E
Particles - . .
E } Mame af Particle Manitar [pic ol i .l
— T . . . . ———
- Bxport 30 Trajectory Flot as Bitmap Particle Propagation Direction | i - |
- Export Particle Interfaces (TRK)

1D Trajectory Plot (TRK)
Evaluate Particle Monitors (TR Specify result value

Get Double Result Entry T X
Get Double Result Value YpE:

Get Emitted Curert (TRK)
Get Perveance (TRK) LWEHE—'I
Load Particle Info

Current

Backslreamini Cuirrent

~ yp-Emittanice
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w-min Pogition
nernaw Przitinn

|Set1ir|gs.. || Delete || Duplicate || Evaluate | |£‘ ‘E‘ | Delete All || Evaluate Al |

[ Mot [ Cese || HeLpL

Emittance definition used: Emittance often used by accelerator people:

arms =\ (22)(2"?) — (¢2/)? Enrms = [Yerms
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Any Questions?
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