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Let’s review the theory:

Under some assumptions we wrote _ L 7 o
the longitudinal impedance as: Z, (a)) = [1 - ngn(a))] b 0 | |

2co,

The wake field was given by:

Lc 7z 1
(2) :

3/2

47b \| o, ||
We have also defined

the wake potential of Resistive Wall with
a bunch as Conductivity o,

w (Z)=1 OoW (z' — z2)A(z")dZ'
// q)_. //

If we consider a Gaussian bunch, the above
integral can be done, giving

cL Z
W, (z) = PRT \/ZS |x|3/23_x2{1—3/4(x2) — I 4 (x%) + sgn(z)[l3/4(x2) - 1—1/4(952)]}

Z

withx = z/20,
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WHY CST?

CST Studio Suite is a software used for the study of electromagnetic fields. It
comprises tools for the design and optimization of accelerator devices
operating in a wide range of frequencies, from static to optical. Analysis may
also include thermal and mechanical effects, as well as circuit simulations.

WHAT ARE WE GOING TO DO?

In this tutorial we are going to show, step by step, how to use CST in order to
design a resistive wall pipe and determine wake potential and impedance.
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READY TO GO!
Open CST studio suite and select “Create a new Project”

FShEdE S 9 & CST STUDIO SUITE

= Save

Recent Files

.ﬂ, Save As

Create a new project .
.__'_'j Save All Create a new project with settings tailored to your application area. These settings will be Restore last session

stored as a project template, which can be later used to create another project. 1 Project(s)
[Z Open
| Close

- ﬂ Pill_Box_Cavity_JUAS.cst

Project P ro _]eC C:\Users\Lorenzo\DesktopPill_Box_Cavity_JUAS.cst

¥

New and Recent Waveguide & Cavity Filter_4.cfg _ a Cavity_Tutorial.cst
C:\Users'Lorenzo\Desktop\Cavity_Tutorial.cst

MW & RF & OPTICAL, Eigenmode

Print
"‘ﬁ Waveguide & Cavity Filter_3.cfg .
=
Help MW & RF & OPTICAL, Eigenmode
&1 Manage Projects Nﬁ Waveguide & Cavity Filter_2.cfg .
&
MW & RF & OPTICAL, Eigenmode
Options
% e Waveguide & Cavity Filter_1.cfg >
MW & RF & OPTICAL, Eigenmode
X
‘Waveguide & Cavity Filter.cfg .
4
MW & RF & OPTICAL, Eigenmode
=

Eigenmode.cfg
CHARGED PARTICLE DYNAMICS, Eigenmode

Modules

EE =i ERE o

5T CsT csT 5T CsT csT 5T Antenna
MICROWAVE EM PARTICLE MPHYSICS  DESIGN PCB CABLE Magus
STUDIO STUDIO STUDIO STUDIO STUDIO STUDIO STUDIO

v

¥

¥
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READY TO GO!

Now we need to select the correct Solver, Wakefield. Thus let’s select
Charged Particle Dynamics-> Accelerator Components -> Cavities

CST STUDIO SUITE

Create a new template

Choose an application area and then select one of the workflows:

EMc 7 EM

Vacuum Electronic Devices

Space Applications

@ Beam Optics

Cancel

CST STUDIO SUITE

CHARGED PARTICLE DYNRKIICS | Accelerator Components

Please select a workflow

{Pa rticle Gun

Beam Position Monitors

(Couplers
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READY TO GO!

Then “Wakefield”. After that, we select the working dimensional units (mm, GHz, s,...) and
call the file as : Resistive_Wall

13 CST STUDIO SUITE LIl & CST STUDIO SUITE

Create a new template Create a new template

| Cavities | Wakefields | Solvers | Units | Summary

CHARGED PARTICLE DYNAMICS | Accelerator Components | Cavities | Wakefields | Solvers | Units | Summary ' | CHARGED PARTICLE DYNAMICS | A

Please select the

The reconunendas ggaied workflow are:

Dimensions:

Frequency:

© Wwakefield
' WAK

Kelvin

Vv

Current: A

Resistance’ Oohm

Conductance: =

Inductance:

nH

Capacitanc

< Back Next > Cancel

< Back Next > H Cancel

13 CST STUDIO SUITE

Create a new template

CHARGED PARTICLE DYNAMICS | Accelerator Components | Cavities | Wakefields | vers | Units | Summary

Please review your chas - Fimish' to create the template:
Template Name: Resistive_Wall
) - Dimensions: mm
- Frequency: GHz
Wakefield - Time: s

- Temperature: Kelvin
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READY TO GO!
You should now see a screen like this one.

3] [0 7 d & &

Home I Modeling Simulation Post Processing View a 0'

u’% X Delete V) @ ﬁ @ 4l Optimizer E g(ji @ @ i calculator @
53 copy Jusn] 7 Par. Sweep [@ Parameters~
Paste Units Problem Setup Start i Mesh Global Properties History . . Macros
Copy View ~ Type Solver Simulation (& Logfile - View Properties List E Parametric Update
Clipboard Setting: Edit Macros

- Ports

[ Field Monitors

[ Voltage and Current Monitors
- Gg Mesh Control

[ 1D Results

[ 2D/3D Resutts

-[&& Tables

Parameter List f Result Navigator Messages [ Progress

QpORQY B D F

The working window is divided into 5 sub-windows (but it depends on the chosen
preferences). The largest one shows the figure of the device you are designing.
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MODELING
Navigation Tree % Let’s now define a new material with a given conductivity.

=-[@ Componerts Let’s select “materials” on the navigation tree on the left of

[l . . . .

<5 Vateras IS the working window. Then, right-click on the folder and
select “New Material...” from the menu. Select “Lossy

metal” as “Type” in the General menu and then set the
conductivity value at 3e3 S/m.

Material Parameters: material

ﬁ. Lumped Elements
+-[g Particle Beams

- Ports

+-[g Excitation Signals

Material Parameters: materiall Problem type: | Default v

General | Themal | Mechanics | Density

ﬁ Field Monitars Problem type: | Default W

[ Voltage and Cument Morkors General | Tremal | Mecharics | Dare General properties
[ Probes emal | Mechanics | Densiy Material name:
EEI--lﬁ Mesh Control ) _
G2 1D Results General properties material 1

..... B2 2D/3D Resutts Material name: Material folder:

""" (& Tables material1

Material folder: Type:

Lossy metal v Coating...

nc conductivity:
Coating...

Colar

i Transpa




Simulation of @ Resistive Wall Pipe

MODELING

Now you should be able to see your new material in the materials list as shown.

Mavigation Tree x

------ [ Components
I+| | Groups

- ' matenal1

----- ﬁ. Lumped Elements

----- ﬁ. Particle Beams

..... ﬁ Ports

----- ﬁ Excitation Signals

----- ﬁ. Field Maonitors

----- ﬁ Voltage and Cument Monitors
ﬁ. Probes

|+| L% Mesh Control

------ --[& 1D Resutts
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MODELING

A Hdas8 9

X Delete

Modeling

23 Co
Paste
[ Copy View ~

Clipboard Settings

Navigation Tree

e
Ui
Units

Untitled_0 - CST STUDIO SUITE - [Educational Licen...

7 Calculator
S 17 parameters-
erties Histor,

Properties History .
List

Simulation Post Processin g View

e, 5 (7p) @l Optimizer =

o i (& =

== 17 Par. sweep

Problem Setup Start e Glo
Type Solver Simulation Logfile e P

Simulation Mesh

[8 Components
+-[@ Groups
+-[@ Materials
[d Faces
[8 Curves
[8 Wes
[8 Anchor Poirts
@8 Wires
[d Voxel Data

)
@ Lumped Blements
[ Particle Beams

X Messages

j Parameter List | Result Navigator

Messages | Progress

Q[He QY B H D Restesl

Let’'s now introduce the
geometrical dimensions of the
beam pipe as parameters. This
will allow easily to modify the
entire model in future. It is
possible to enter the
parameter name, its expression
(it could be a value, according
to the dimensional units
previously selected, or a
combination of other
parameters), its description
and its type.

Parameter List X

W Name Y Expression Value Description Type

L 150 150 Length v

a 12 12 Length v
10 10 Length W

Parameter List Result Navigator
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MODELING

Now click on “Modeling” item on the top menu

5 == =" Pill_Box_Modes - CST STUDIO SUITE - ol
ion Post Processing View (1
o r / S - | - > ® A Pick Points ~ > i caleulator | # v B TransformWcs |
GO HOO- el g D 5% Bend Tools "1
@ & Material Library~ o " . & Modify Locally - v - B8 5 pick Lists~ @ : [@ Parameters~ Iéu [ align wcs ~
mport/Bport @@ New/Edit~ b' " P P’ [Estonm Allgn Elend Beslean ﬂ Shape Tools~ e %SIF ks Gl Clear Picks A '-hlfits(::r)r r Parametric Update h?léasl L‘“ Fix WCS Sectional
Exchange Materials Shapes Tools Curves Picks Edit WS View
MNavigation Tree x E Pil_Box_Modes* m \
Then select the cylinder
c e M =
E b SdBGE 9 o+ Pill_Box_Modes - C¢
File Home Modeling Simulation Post Processing View
@ Background a* i g i D + & Bend Tools~ V
. . il |:‘~ 4 . 1 I
lﬂ Material Library- » / @ Modify Locally -
Import/Export _ - R~ Transform Align Elend Boolean Curves Curve
& MNew/Edit~ ﬂ Shape Tools~ Tools
w b
Fyrhanna bAatariale Chanac Tanle Clirvac
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MODELING
Press esc. You should visualize the following window.

MName:

[=mm |
Oy @z

Inner radius:

Orientation ()X

0 oo | MName: oK
Yeenter: Vacuum_Pipe
Cancel
Orientation ()x (Y (@z
Preview
Quter radius: Inner radius:
b 0.0
Component:
| componentl Xcenter: Yeenter:
Material: 0 0
|\Iacmm
Zmin: fmax:
1 L
[ Schematic
: Segments:
0
Fill the windows as shown Companent:
t1
and press OK. Remember to e st v
. dlerial:
select “Vacuum” as material. 4 D . ‘
- Macuum _ Pow Help
You have now the vacuum pipe.
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MODELING
Repeat the instructions to create a resistive beam pipe, filling the window as shown below

ES Pil_Box_Modes™ [

Cylinder
|“ |
Orientaton (Jx (Y (@2
_P eview =
Quter radius: Inner radius: H cyllnder
0 | |00 |
Xcenter: Yeenter: Mame: oK
o o | Resistive_Wall
Zmin: Zmax: Cancel
o | o | Orientaton ()x  (y (@2
P Preview
D Quter radius: Inner radius:
Component: | a ‘ ’ b
| componentl vl
R Xcenter Ycenter
|Vacuum vl | Help | 1] ‘ I 0
A
Zmin: Zmax
4 B | [
3D | Schematic
Segments:
0 |
Fill the windows as shown 2  Component:
and press OK. Remember to component1 v
. . Mateg
select “materiall” as material.
material1 W Help
[ o

Here it is the resistive pipe!
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MODELING

This is our Resistive Beam Pipe!

The geometry is done!
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ANALYSIS

We are almost ready for simulations, but we first need to define the particle beam, that is
the source of the wakefield.

Let’s right-click on “Particle Beams” in the “Navigation Tree” window and select “New
Particle Beam”. Then set the values as shown.

Define Particle Beam -

Navigation Tree X So— OK
ITI---Q Componerts ParticeBeam1

* Cancel
'il@ Groups Beam properties

- Materials Preview

- @ Faces Shape: gaussian v

L@ Curves Wakefields...
5 ----- @ WCS Velocity (beta): 1.0

------ L@ Anchor Paints Charge: Help

- @ Wires '

------ [ Voxel Data

------ @ Dimensions

Gaussian beam

=

.. L it ¥  Mew Particle Beam... _#Jma @ *

..... = D 4
----- ﬁ Field Monitors

Mesh settings
----- Voltage and Cument Monitors
: ﬁ d Consider for mesh reﬁnemen*
[ Probes
|+| ﬁ Mesh Contral D Lines per sigma: 10.0
-[2 1D Results

N e T ST 5 O DR TR
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ANALYSIS

Click now on “Wakefields...” and change the “Wake integration method” from “Direct” to
“Indirect testbeams” (if possible, you should always use it). In addition to that, let’s apply a

roll-off parameter of 0.5 (this will lead to a smoother solution, removing numerical noise in
the results).

Define Particle Beam -
Name: oK Wakefield calculation -
PartideBeam1
Cancel Wake integration method oK
' »
. L | Indirect testbeams Cancel
Shape: gaussian v
Wakefields... > Integration path shift Help
Velocity (beta): I 1.0 |
Help X-shift: | 0.0
Charge: l 1le-9 | C
Y-shift: | 0.0
Gaussian beam 7-chift: 0.0
Sigma: I 15 |
Y™ mpedance spectru
Current injection scheme: |Transmission line v Apply cos? filtering
Mesh settings Roll-off factor: | 0.5
Consider for mesh refinement
[ 1lines ner siama: 10.0
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ANALYSIS
Let’s now adjust the mesh. Select, from the top menu, Home -> Global Properties ->
Hexahedral

J‘- Home i - Simulation Post Processing View
[T‘H-\‘" e ’\J@ [ 2l Optimizer @ @ i Calculator Ig
“‘I—j 53 Copy b i 7 Par. @ Parameters~
Paste . ) Units Problem Setup Start ) sh |  Global Proerties History } Macros
Copy View ~ Type Solver Simulation & Logfile ~ Properties List [ Parametric Update
Clipboard Settings Simulation Edit Macros
Navigation Tree X | = vV | Hexahedral
#-[@ Components
#-[@ Groups
=@ Materials
i ied® materiall

: -— e

Maximum cell

Then, in the window
that appears, set the
value as shown.

Cells per wavelength:

[w] Use same setting as near to model

Cells per max model box edge v | | 20 % 1 =

[ ] Use same setting as near to model

Minimum cell
o e e e w4 _ a1 e [al mm'"
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ANALYSIS
Almost done.
Click on “Simulations” on the top menu, then “Boundaries”

Home Modeling Post Processing View
@ Frequengy | | E;“ 4l Optimizer | A Pick Paints ~ E {% E lap! |
[ Par. Sweep [ Pick Lists~ &
-]/ Boundarie

aveguide Lumped Field Setup Plcks Mesh Global Intersection Electrical
settings

Port  Element Import | Solver (& Logfile = Q) Clear Picks View Properties Check  Connections
Mavigation Tree x ’ EFI Bow Wa E
I ':l'“?m rmq -—_—_—_m manm_—______________________—

Let’s now select the simmetry planes of our geometry from the “Symmetry Planes” window
(YZ Ht=0 and XZ Ht=0) and the boundaries as shown below.

Sources and Loads Solver Picks Mesh Check

et Panes T}

—
1@; try Planes I Boundary Potentials I

[ | Apply in all directions

: magnetic (Ht=0)

: |magnetic {Ht =0)
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ANALYSIS
Now we are ready. From the Simulation bar click on “Setup Solver”

Home Modeling Simulation Post Processing View Mesh

@ Frequency '\,'q":,_. @ \"{y k4 signal - ‘ ‘
F R o -

Background
. Particle Waveguide Discrete "% Lumped Element Field
@ Boundaries EBeam Port Port Monitor

ﬁ] |l Optimiz
4 Par. Swe

Setup
Solver

¥: Logfile -

Settings Sources and Loads Monitors Solver
Wakefield Sgier Parameters
Solver settings
Set the “Simulated Wakelenght” to Close
750 mm (several bunch lengths) and Apply
Clle on start. Stimulation settings Optimizer. ..
This is the maximum distance from the Felcate partmedes oy S
daptive mesh ref
centre of the bunch where the wake Adapive mesh refiement | |
. . [ ] Adaptive mesh refinement Adaptive Properties. .. Acceleration. ..
potential is evaluated.
Spedials...
Simplify Model. ..

Help
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ANALYSIS
After a while we have our results on the navigation tree. Clicking on the folder 1D Results ->
Particle Beams -> ParticleBeam1, we can plot the impedance and the wake potential. This is

the |mpedance (absolute value).

Home Modeling Simulation Post Processing View l 1D Plot l
% 2 7] No. of Curves Log, X Axis @ @ Phase @ % @ [ i M [ Annotations ~
B2l Real Part Parameter: & Measure Lines

Properties Update Max: 25 Log. Y Axis Linear Polar Z Smith Y Smith — Curve New Plot

Results @ Imag. Part Chart Chart | CurveSet: Markers_ k¥ Axis Marker - | Window
Plot Properties ‘ Plot Type 0D Result Axis Markers Windows |
Navigation Tree X | =2 untited_0* [ \
[#-@ Components

[-6@ Groups
=@ Materials

1D Results\Particle Beams\ParticleBeam1\Wake impedance [Magnitude]

- Lumped Elements

[=E ﬁ Particle Beams
----- ¥ ParicleBeam1

- Ports

[+-Gg Excitation Signals

- Field Monitors

[ Voltage and Current Monitors
[ Probes

- Mesh Control

Z / Ohm (filter roll-off 0.5)

¥~ Particle Beams

ParticleBeam1 0
= 0 1 2 3 4 5 6 7
£ Wake potential
[t4 Charge distribution (distance) Frequency / GHz
Fse Charge distribution ftime) 3D Schematic | ...\Wake impedance ﬂ |
Fse Charge distribution spectrum J— - -
e Cument 9 e
“[5] Wake integration infos V' Name Expression Value Description Type Time step width: -
150 150 Undefined v without subcydes: 1.3722368%-003 ns
R . used: 1.37223689e-003 ns
12 12 Undefined v Number of threads used: 24
10 10 Undefined v @ Maximum simulation time reached, solver stopped. ’E|
@ Creating parametric 1D results for Run ID 1 -
Parameter List | Result Navigator | Messages | Progress
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ANALYSIS
And this is the wake potential.

Home Modeling Simulation Post Processing View 1D Plot ] 0 >
| . | 5
{% = No. of Curves [ | Log. X Axis &E &- (8B £ Phase @ @ axs k= Annotations - &:‘
—_— O Real & | Parameter: N [ Measure Lines
Properties Update Max: |25 Log. ¥ Axis Linear dB Polar Z Smith ¥ Smith Curve New Plot
Results Imag. Part Chart  Chart Curve Set: N Markers & Axis Marker ~ Window
Plot Properties Plot Type 0D Result Axis Markers Windows
Navigation Tree x| = ¥
[#-E@ Components
1D Results\Particle Beams\ParticleBeam1\Wake potential
0.1
Reference Pulse
008 T — X
Y
0.06 1
—Z7
0.04 -
%)
o 0.02
g Lumped Elements ;
=~ ﬁ Particle Beams = 0
------ ¥ ParticleBeam1 —
[ Ports 2 -0.02 -
[]"ﬁ Excitation Signals =
a Field Monitors -0.04 1
--[g Voltage and Curent Monitors .
[ Probes
- Mesh Control -0.06
=& 1D Results
; -0.08 g-----mmmmmmme e AEREEREEREERS
3 ParticleBeam1 0.1 ;
[+ Wake impedance 200 -100 0
v @
-} Charge distribution (distance)
% Charge distribution time) D) Schematic | 1D Results\Particle Beams\PartideBeam 1\Wake potential [ |
-f#8 Charge distribution spectrum )
A Curent ter List X Messages . X
E Wake integration infos Name Expression Value Description Type Time step width: -
----- 5 D Results - - without subcydes: 1.3722368%-003 ns
Undefined
..... 130 150 nCEIne s used: 1.37223689¢-003 ns
a =12 12 Undefined v Number of threads used: 24
- 10 10 Undefined v @ Maximum simulation time reached, solver stopped. E]
@ Creating parametric 1D results for Run ID 1 -
 Parameter List | Result Navigator | Messages | Progress

Q+eQY B D Raster_mnwlpzclmmdl:ﬂﬁﬁlmmﬂt"”.iz'
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Comparison with theory

L |Z,|w|
27wb \ 2co,

16

— Im[Z] CST

14 + . Re[Z] csTl .................... .................... R ................. ........

12| — Theory | I N - — AN

ol S S = — S S

Z (Ohm)
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Comparison with theory

L Z 2
W//(Z) = - \/} |x|3/2e7* {1—3/4(352) — 11/4(x2) + Sgn(z)[l3/4(x2) — 1_1/4(x2)]}

7tbcr23/2

0.10
— shape
- Wake pot CST
—  wake pot theo
0.05 | : P Y]
§)
2
2 000l — N
Q
V4
©
=
—0.05}F e
-0.10 i i | !
—-200 0 200 400 600 800
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LAST BUT NOT LEAST
CST, as other codes which use Finite Difference Method, is particularly sensitive to the mesh
accuracy. In order to better understand this point, let’s change the “cells per wavelenght”

from 40 to 10 or 100 ...

20 ! ! ! ! ! !
1o A S S S . S
e 10 T e
- s ;
L
e
N sl 2= i |

Im[Z] 10 cells/wavelength
; : : — Re[Z] 10 cells/wavelength
ol ... ................... .................... ................. — Im[Z] 100 cells/wavelength |_

: : : — Re[Z] 100 cells/wavelength

— Theory

_5 1 | | 1 1 1
0 1 2 3 4 5 6 7



