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RF Fields

Transient

= broadband
= arbitrary time signals

E
E Eigenmode

= strongly resonant structures
= narrow band cavities

Static Fields

=

)=

E- Static

= static electric problems

M- Static

= static magnetic problems

Particle Solvers

Vi

Tracking

= Solver for static simulations such as electron guns or mass

spectrometer

Particle In Cell

= Selfconsistent transient field and particle solver including full

space charge effects

Wakefield

= Transient solver with special beam excitation (predefined fixed

straight beam path)




A

Electrostatics

Sources:
 Potentials on conductors (fixed or floating)
« Boundary potentials (fixed or floating)
« Homogeneous volume and surface charges
e Charges on PEC solids
Postprocessing:
» Capacitance matrix
 Force calculation
Additional features:
» Adaptive meshing
e Optimizer
e Open boundaries




B5 Magnetostatics

Sources:

e Current paths

e Current coils

e Permanent magnets

« Homogeneous magnetic source fields

« Stationary current field
Postprocessing:

e Inductance matrix

» Torque and force calculation
Additional features :

» Adaptive meshing

e Optimizer

« Nonlinear materials

» Open boundaries




CST EMS Sources

= A :{._ A :1\
@ @ W
Electric Electric Electric Charge Lumped
Potential Charge on PEC Dristribution Element

Sowurces and Loads

NoeL & 1§ ¢

Permanent Coil Current Magnetic Electric  Current
Magnet - Path Source Field Potential Port

Sources and Loads
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i Tracking Solver

Algorithm:

1.  Calculate electro- and magnetostatic fields

2.  Calculate force on charged particles

3.  Move particles according to the previously calculated V4
force mm) Trajectory

d

= (m\"/’) =q(E +VxB) Velocity update M = gn th(En+1/2 L™y B’n+1/2)

dr
dt

I
ol

Position update Fh3/2 — 2 L At

Leap Frog Scheme




Space Charge Effect

a»

Gun lteration m

Calculate electrostatic
field distribution

1

Relaxation of Track particles and

space-charge monitor space-charge

Has space-charge
converged?
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Without Gun Iteration:

With Gun lteration:




TRK Emission Models [

1. Fixed Emission

Applicable for known beams
Input: Current, Beam Voltage

Necessary for Electron Guns it
Current(Voltage) according to Childs Law

Current

2. Space Charge Limited Emission i

Voltage

Temperature Limited

3. Thermionic Emission

Enhances Space Charge Limit
Richardson Dushman Equation

Yoltage

14

12 N
10

08

06

04

02

%750 200 300 400 %00 600

E-Field / 108 V/m

4. Field Induced Emission
Fowler-Nordheim Equation

Current / A




Particle Interfaces ﬁ

Particle Emission

Gun simulation with
export interface

= According to exported data of
previous simulation

=  According to ASCII files of known
particle distributions

Advantage

= Splitting of large tracking
simulations

= Speed up for collector simulation Tracking/PIC simulation

with import interface
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Particle in Cell

Self consistent modeling
of collisionfree plasma

Macro charge (e.g. q=10% e")

Relativistic equation of motion

A _ 9 (E+vxB)

A m,C

i_\—; u= P :m(v)V:
a myC mycC

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

—

—

rotH:@+J; divjz—ﬁ—'o
ot ot

A priori charge conserving algorithm.

4

B




Particle in Cell (PIC) Algorithm ]

Numerical solution
of Maxwell‘s equations

discrete positions in grid space

Current- e A : E- and B-

Any position in grid space

Numerical solution
of equations of motion
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PIC Emission Models LA

1. DC Emission

bunch distance

current

2. Emission of a series of Gaussian bunches

meeeeecswﬁmtsm:s;;mweeasmmem

i
3. Field Emission according to Fowler Nordheim Equation A 4

4. TRK/PIC interfaces for emitting the beam of a specific gun or
for loading ASCII files of known particle distributions

5. Secondary electron emission

6. Explosive Emission
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iz Wakefield Solver

The Wakefield solver computes the wake potential:

— 1 oo — —
W(m,y,s)Z—/ (E(mayazat:S+Z)+’5’XB($7yazat:S+Z)>dz
q1 J/—o v v

Al

£ vt — s vt s

/

Excitation (pencil beam with Beam path Integration path
logitudinal Gaussian shape)




Magnets
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Magnet Design

Steel
(non
linear)

Coils

Quadrupole Magnet:

— Source: Coils/

— 3D M-static run

— 2D M-static rotational/translational symmetry possible




Magnet Design

curvel_B-Field (Ms)

-0.025

-0.05

-0.075

-0.1
0 40 80 120 160

Curve Length / mm

B-Field BESEEeses

Results from M-Static:

— Quadrupole like B-Field

— Sinusoidal magnetic field along azimut
— Pole pieces quite saturated
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LF-Thermal Coupling

332

313.1909
3131818
3377
313.1636
3131545
3131455
313.1364
331273
313.1182
313.1091

313.1

Coupled Simulation:

— Import of LF losses into thermal solver

— Thermal stationary/ run

— Automization of loop possible via SAM approach




Cavity Simulation

0.

CST -
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Cavity Construction

Run Macro
Automation L4
| Calculate 3
Construct b Coils L4
File 4 Demo Examples  »
Matching Circuits 4 Discrete Ports 3
| Materials 4 FastHenry »
rameters 4  Filter L4
| Report and Graphics 4 | Miscellaneous ~ *
| Results L4 Parts L4
Solver 4 | Vias L4
: Wizard L4 Wires r
Edil:. Macro
Open VBA Macro Editor
Make VBA Macro...

gIrnr_u:»r‘t VBA Macro...
| Edit / Move / Delete VBA Macro...

| Fan

| NASA Almond
| Pin Heatsink
Plate Heatsink
| Radial Stub
Reflector dish

| Spherical Grid

' Superconducting Cavity l

-

-
E Superconducting cavity (half cell)

il |35 Hlen2 |57-592 2
ml |12 52
wi |19 w2

| ok | [ Cancel ] [

Help ]

Automatic creation of a cavity part
— Transformation for multiples
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Eigenmode Simulation

Crab cavity courtesy of
Dr. Graeme Burt, Lancaster University

Phase: a0

Hexahedral mesh

: — o convergence

Solver | Advantage | Disadvantage | Mesh Type Tetrahedral mesh

AKS fast no losses Hexahedral — convergence in < 2 min
JDM robust slow Hexahedral

Default | robust, fast | - Tetrahedral
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Eigenmode Simulation

Crab cavity courtesy of
Dr. Graeme Burt, Lancaster University

— Automatic curved elements up to 3rd order &
applied .
— New TET mesh engine for improved mesh Mesh Type
distribution e
Hexahedral (legacy)
Tetrahedral (legacy)
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Q-Factor and Loss Calculation

Different Loss Mechanisms:

— Output power through a coupler (P,)

— Volume losses in lossy dielectrics (P, yme)

— Surface losses due to finite metal
conductivity (P, ace)

Superposition for each mode to get Q
1  Pooime + Parrace + Poue
Quodea, w- W
onlume vv = ! + ! + !
Quotme  Quurtace  Qoxtornan

P

surface
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Volume and Surface Losses

c=10S/m

EF Q-factor calculation
| calaulate external Q-factor

I [| consider losses in postprocessing onlyl

1

(i) Eigenmode solver results:

Maode Frequency Arcuracy
1 0.9136223 GHz 4,515e-007 Q = 1,238e+006

Q Q-Factor Calculation M
H-Field data: [Mode L -

Calculate

Loss Material{Solid Conductivity | Mug ‘ Loss /W ‘ Loss/%% ‘ Q | - [ Spedials... ]
dn d Q **Cond. Endosure™* 5.8000e+007 1 2.3342e H005 98.9 2.4520e+004

PEC 5.8000e+007 1 4,1562e-+100 0.00176 1.3771e+009

component1:solid3 3.5993e-002 1.53e-005 1.5501e+011

component1:solid3_1 4,1202e+000 0.00175 1.3891e+009 Help
*=5um of surface Losses™ 2.33422+005 93.9 2.45192+004
*Aolume Losses** 2.5148e+003 1.07 2.275% +006
=5um=* 2,3594eH005 2.4258e+004
Modify... Hide { Unhide
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On (Default):

Losses via perturbation
method — less resources
Off:

Losses included in solver
run — needed if losses
change the field pattern

Surface losses are
always evaluated with
Loss and Q post
processing

Normalization to 1J




External Q

P

out

(S Q-factor calculation
E Caloulate external Q-factor

1

@ External Q-factor results:
Mode Loaded Frequency External Q
1 0.9136 GHz 1,499 4+005

Template Based Postprocessing

General Results

[2D and 3D Field Resutts

[3D Eigenmode Resut

|

Modes: eg1.3.5-10
2l

E 3D Eigenmode Result

Flezult value:
[ E quivalent Input Power [Average -+ ] |1

[Conductivity taken fram Results-> Loz and B-Calculation...)

Field Energy / dB

S0
>
=20 A

40

-60 -
80 11
-100 1

-120 A

-140 t t t t+ t t
1] 5 10 15 20 25 30 35
Time / ns
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For lossless structures:

Qexternal = Qloaded

0 1 1

DT — — ——————
AW

AW n(10)

Qloaded = T Wy



External Q

P

out

E Q-factor calculation Template Based Postprocessing

Calculate external Q-factor General Results
[2D and 3D Field Resutts
1 [3D Eigenmode Resut
E 3D Eigenmode Result u
@ External Q-factor results:
Result value: Modes: eg1.3.5-10
MDdE Lﬂaded FrEqUEnC!f' E}(terrlal Q [Equivalent Input Power [&verage v] |1 Ml
1 0.9136 GHz 1,499 4+005 [Canductivity kaken from Resultz->Lozs and O-Calculation...]

Group Delay Time in ns

A 175,

For high Q_(erma the time domain Qext. =
simulations can take very long.

0

37 37.2 37.4 37.6 37.8 38
Frequency / GHz
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Shunt Impedance, R over Q

T max

Shunt Impedance:

U, |” / wpo
— =nl U = [ E(z)-¢7%d
D U, (x)-e f o dx

lossy,

R .
n °*
Lmin

R over Q:

R, U, o, = frequency of mode n
Qn  wn- W, W, = stored energy|of mode n

xlll e B

. . . E 3D Eigenmode Result Lth
Integration including rorne Fe=
. . . R over G | |1 All
particle velocity in post
processing & | =
>< - i1} i}
Integration path Fos Focsing St
Result Templates |D.D |D.D |D.U
max. range |ZDD |D.D
Transit Time Factor ‘¥
conzider part. velocity beta= |1




Lorentz Force Density

Force Density: Especially interesting
1 2 2\ for superconductin

P=—(noHs® - eBs®) "o >P g
g \HOMs €05 ) cavities

Evaluated as post -g__gxigdﬁsuns

processing step £-Ga Mode 1

m &
ﬂ Lorentz Forces E e Curen

-F3 Energy Density
i-[J Lorentz Force Density |

*) Picture from H. Gassot,
Institut de Physique Nucléaire,
Orsay, France
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Geometric Tolerances / Sensitivity

(i) sensitivity analysis results:

Design parameter r_a”
Mode Frequency Derivative of frequency

1 0.9546199 GHz  0.1799115 GHz/in

Design parameter r_v"
Mode Frequency Derivative of frequency

1 0.9646199 GHz  -0.5956404 GHz/in

N

Mode 1 {peak)
Type: E-Field
Freguency: 0,964628

0
— Face constraints applied to anode and vane dp
radius

— Sensitivity of Eigenfrequency to (small)
geometry changes in ONE 3D run




Simulating Detuning Effects

/ Simulating Detumng\

Effects
Sensitivity analysis
Use sensitivity analysis Properties. ..
" Sensitivity Analysis
| Parameter | value | Description
" feld 1 Imported dsplacement ficld o
= finitial DS e formed )
\_ J ]
All solvers available Post-processing S . Thermal
on tetrahedral mesh S /&é‘ simulation

Mechanical simulation
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Wakefield Analysis




Wakefields id

1D Results\Particle Beams\ParticleBeam1\Wake potential 1D Results\Particle Beams)\ParticleBeam1\Wake impedance [WakeSpectrum] |
0.25 T T T T T 16000 T T T v T T T T T
0.2 14000 1
0.15 ~ o
n
- 12000
0.1 b
] ]
10000
2 0.05 1 T
= -
z e £ 8000
— =
@, -0.05 4
= £ 6000 1
o1 o]
~~ 4000
-0.15 1 ™
0.2 i : : : . 2000 1
-0.25 . i i i i 0 T T T ; i ; i ; ; "
d d h -100 0 100 200 300 400 500 0 01 02 03 04 05 06 07 08 09 1 11
Companent: s/ ecm Frequency / GHz

Results:

— Electromagnetic fields ‘,
— Wake Potential, Wake Impedance Wakehield
— Postprocessing available for user defined sampling Postprocessing




Integration Methods

cccccc

Direct:

— Integration along
beam path

— For B < 1 the only
method

Indirect Testbeams:

— Integration along
the gap

— Only for g =1

Interfaces

Indirect Interfaces:

— Direct integration in
discontinuity

— Tube considered on
the interfaces

— Only for g =1




Short Bunches

NSLS Storage Ring Impedance Budget:
— Possible with MPI

Total length:

Max. transverse dimension:

Beam width:
= Frequency:
= Electrically Large!

— Simulation Time: 5h 12min, 4 Nodes, 820 Millionen Mesh Cells

1.30m
0.12 m
0.0001 m
~60GHz




Short Bunches

b Published CST
\\— Loss Factor | 3.5 V/pC 3.4V/pC
P Kick Factor | 25.4 V/pC/m | 25 V/pC/m

NSLS Storage Ring Impedance Budget:
— Possible with MPI
— Simulation Time: 5h 12min, 4 Nodes, 820 Millionen Mesh Cells




Loss Consideration

[ Kelvin ]
2698
Menitor =2t 263
2868
Name:  loss (t=0..end(0. 1)) Automatic labeling
—
Type Spedification E
() E-Field @) Time () Frequency 260.7
(71 HField and Surface current Start fime: 0 i 279.2
(2 Surface current (TLM onl 2TnT
- (ML oriy) Step width: 0.1 1
2751
(©) Farfield/RCS
Field source

Time Integrated Volume Losses:

— 3D Information about the losses

— Coupling to thermal solver of MPS

— Averaged losses as source for thermal solver




CST STUDIO SUITE®
New Feature 2015

55 XONEH
e 3 S .\ﬁ

Loss Consideration

Power in Watt [Real Part]

100 —
General | Waveguide Material I | : E@ 10 Results
Special setting 80 - m Port signals
80 1-+--\i-- - Power
Lossy metal model order. E‘m E scitation [pb]
10 70 iy E-E3 Loss per Material
etersimante o Em?‘"lilegnl\:l:tal lozs in Steel
¥ Fiequency power losses D) Settings... z 504 '"EI Signals
¥ Time power losses for I 10) ("Beftngs 40 4]---- :
Time Power Losses for 51 Monitor (1D} 30 4|
| Start time: I 20 4]
Step width: [1} Cancel 10 ¢
componenti:solidi ™ End time: 9e-3 Help 0 ; ; ; ; ; ; ; ;
Material Steel ¥ averagerep. period [0.0 0 2e+009 6e+009 1e+010 1.4e+010 1.8e+010
Type Logsy metal Time / ns

Cavity courtesy of
Diamond Light Source

Time Integrated Surface Losses:

— So far only per material

— Can be observed during simulation

— Heat source has to be applied in thermal solver
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Loss Consideration

CST STUDIO SUITE®

component!:solid1

Material Steel
Type Lozsy metal

Cavity courtesy of
Diamond Light Source

Energy balance:

AW = ¢°k
Poss Via k (wake | 11.29 W
loss factor)
P\oss from 11.41 W
monitor

Time Integrated Surface Losses:

— So far only per material

— Can be observed during simulation
— Heat source has to be applied in thermal solver

Power in Watt [Real Part]

100 H E@ 10 Results
Q0 TP EE Porsignals
80 -\ Eﬁ Power o
=-E3 Excitation [ph]
70 11 IR E-£3 Loss per Material
60 4 Eﬁ Signals

50 11—

40 -~

304

204
101

0

0 2e+009

6e+009 1e+010 1.4e+010 1.8e+010
Time / ns
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Accuracy Consideration

0.00025

i : —— MAFIA_equidistant (3.08 Mio) ' Define Particle Beam
0.0002 o-ooeorootooeeeoeentf o —— PS5_equidistant_TL (3.08 Mio)
0.00015 doooe b i1 ]— Ps_initial (2.85 Mio) Name:
S 0.0001 PartideBeam1 |
‘S 5e-005 - ! Gaussian beam properties
B Sigma: ].CI.CI
o
= Velodty (beta): 1.0
Charge: 1.0e-9 C

Current injection scheme: I

Structure courtesy of DESY

Dispersion error:

— Important, if wake potential is small

— Improves with equidistant mesh

— Improves with “Transmission line” current injection
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CST STUDIO SUITE®
New Feature 2015

User Defined Bunch Shapes TR

Charge distribution vs. distance

Define Particle Beam
3e-009
Marme: oK |
I ParticleBeaml
Cancel |
Beam properties Help | E 2e-009 4
-
e Jsignals = Wakefelds... | 2
-
~ [
o
welocity (beta): I 1.a J £
S 1e-009 4
Charge: le-9 C
0

0 50 100 150 200 250 300
Distance / cm

Signal definition via excitation function:
— ASCIl import and formulas can be used
— Allows Non-Gaussian shapes

— Allows bunch series




Full Particle Dynamics

R H I H I
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PIC Simulation of Cavities

Predefined electric field
_98e y § Frequency 0.549
Arace e Phase: 915089951079

;;;;;; Scaling Fackar: -0.0315678 + 1 0,999502

Preloading of Eigenmode fields

Choice of initial phase and scaling

Low current applications: Disregard space charge

GPU Support: Realistic RFQ — Speed up of 4.876* and higher

VI dd

* Kepler 20 Card vs. Intel E5530 2x 2.4GHz, 96GB RAM, 120k Particles, 1.36 Mio mesh cells
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PIC Simulation of Cavities

=3 Evaluate PIC2D Monitors [

. o oy o
| Emittance definition:
Marme of Particle Monitor pic: 2d maritor 1 -
* Particle Propagation Direction + Iu" VD ;
5 noes € =/ (2NN — {2
soases zoms = \/ LT WLl
5.99e6 2 Specify result valus
5.35eb 2
Saes e
s Cunent - ]
Ctues
T < Curent
5_fkes Backstrearning Current
Taae u-Projected Emittance
9305 b v-Projected Emittance p—
LD u-Slice Emittance
4.820b

v-Slice Emittance

Postprocessing Results: T
— PIC 2D monitor:
projected & slice emittance | | e e
— Phase space monitor: | i som S
longitudinal emittance

3 Emission Information
E_| PIC Phase Space Monitor

1.2¢-008
8e-009 /\\

4e-009 \/

0 2e-009 4e-009 6e-009
Time / ns

Emittance / m rad




C-Band Linear Accelerator

E-field of accelerating eigenmode

Coupling
Slot ~=

Beam
B —Fepacaton

aaaaaa
aaaaaa
-48e:
555555
ﬂﬂﬂﬂﬂﬂ

nnnnnn

yyyyy

S

[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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Data Exchange

E| [ 20/3D Results
E| ﬁ Tla]ednry

EI [ 2D/3D Resutts

i I 53 Predefined E-Field [mode_s_1.m3d]
{3 Predefined B-Field [mode_h_1m3d]
ﬁ Particles

. E-F3 Particle 2D Manitor

B @ 20430 Results

i [-[3 Predefined E-Field [node_e_1.m3d]
l ‘£3 Predefined B-Field [mode_h_1.m3d]
EI ﬁ Farticles

8 Particle preview

" ACSI Trajectory Export o8 bic 2d monitor 1 ¢ i L.ka posiion monitor 1

Folder settings

File name: position monitor 1 bd
C:\temp'Temp\DE2\Trajectory Export

Save as type: [ﬁSCII Files {*tat)

Sampling ratio
Partice:

Tme: 1 Frame Selection
@ Current (7 Al

ASCII Export of:
— Trajectory (TRK) =
— PIC 2D / PIC Position Monitor e Nl Curverom ASCE Pl
VBA Access of: .

— Trajectory (TRK) Nisies
— PIC 2D Monitor
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Multipaction Analysis

’ . < 1e+006
’ . 1.3e+07 : :
&N Particles vs. Time
DOPeR: — Multipaction occurs
11111111 9.51e+06 8e+005 . . . . PR T
8,57e+06
7. 14e+06 E
5.952+06 : : : : :
R o s H H H H H
B e e 4.76e+06 6e+005 1----------- R e R EEEEE -
~ ok sh=hepem e = = 3.57e+06 5
B s o o = - '
P b o T 2,38e+H06 et .
oo b by ppb by 115406 = : : i i :
B R o o o T ErTY o ! | H H H
R o T 0 4e+005 1------—----- Tt REREEEEEEEE I T RERRRTEEEEEEP AP
R R Gt s o S T H H H H H
el Sy : : : : :
»»»»»»»» p Y4 J SRR SSSRS S S MO S
aaaaaaaa : : : : ;
Type: E-Field i
Frequency: 0.9139863 0 H
0 1 2 3 4 5 6
N
Single Run: Time / ns

— Preloading of Eigenmode in PIC solver

— Preloading of initial particle cloud

— Observation of exponential particle increase
— Collision information available for TH analysis
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Multipaction Analysis

60000

—— Particle vs. Time (Faktor=0.01)

» .
—— Particle vs. Time (Faktor=0.12) & Au tom at] C SOlVe r Stopp

—— Particle vs. Time (Faktor=0.23
50000 (Faktor=0.23)
/ — Particle vs. Time (Faktor=0.34) Muttipacting

—— Particle vs. Time (Faktor=0.45)

40000 —— Particle vs. Time (Faktor=0.56) Enable salver stap
— Particle vs. Time (Faktor=0.67) evds: 3| bvawiah: [
—— Particle vs. Time (Faktor=0.78)

—— Particle vs. Time (Faktor=0, BExp. base: 1.1

30000 / / —— Particle vs. Time (Faktgpf1)
20000 / =
/ j” @ PIC Spedal Solver Settings:

Particles

10000 e
= 74_;:’:/ Space charge effects are neglected
0 i 3 @ Multipacting occurred, the PIC solver finishes.
0 1 2 3 4 5 6 7 8 9 10

Time / ns

-
>

Parametric Run:

% Reveals the power th reShOld é The intervals move -
. . . ] each timeste
— Automatic detection of exponential g ' N /
increase 8 e -
I T T tim;e
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CST STUDIO SUITE®
PARTICLE DYNAMICS WORKSHOP SERIES

New Features 2016
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Visualization

= Standard 3D Viewer now used also for PIC plots
Home Maodeling Simulation Post Processing Wigi 2030 Plok
2| Update Results I } .Normal: ks -| i Clamp ko Range
{g Mumber of Objects |@.ﬂ.nimate Fields @F d Position: | 0 i'l' % Min: 0
[ &l Transparent

Properties @ @ A0 Fields | Cukting Smark  Reset
—

-

on 20 Plane | Plane @ J @ Scaling Scaling  Max: | 445461
Flot Properties

Sectional Yiew

Color Ramp and Scaling

4.45e+05
TTTT——g Ribbon can now be
= pa 3646405
;3 e 3.248+05 '
]
used!
2.43e+05
2,02e+05
1.62e+05
1.21e+05 °
ave Video Mmacro
40496
i works as well
°
Type: Energy
Manc: 578.2e+03
Lacal max: 445, 5e+03
Sample: 1118
Time [ns]: 10
T_end [ns]: 17
Particles: 720911
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Visualization

= Finding e.g. very slow particles...| [oeeredmmnee

[Hide out of range v] I

‘ 2D/3D Plot [ | 205DP0t |
d Mormal: | Free M gI % Clamp to Range " |normat |Free = QT % Clamp to Range
- Position: |0 cmart Recet Min: | 0.00266 Position: |0 + Min: | 0.00265897
’lan*?_® — U ® | saling Sealing | Max: | 224 ©——T0— @ | simg scaimg | Max s
ectional View Color Ramp and Scaling sectional View Color R;mp and Scaling
[ ev ] [ ev |
224 B
203 455
183 409
163 364
142 1B
122 B
102 2.7
81.4 &2
61 137
0.7 0,911
20.4 0.457
0.00266 000286




Keep Mesh

Multipaction Simulation

Parametersweep of input power

No change of geometry

Performance improvement if mesh is reused

For small example:
2m 9s instead of 3m 6s

Pararneter List

F Mame Expression
@ peakpower Z.0e+004

+ - TDv stimulation settinos

[;.:' MESH PROTECTION ACTIVE:

~ Since only parameters which does not influence the mesh are involved,
mesh will not be deleted during this Parameter Sweep run.

I™ Electric Field Factor: II.D Settings... |
™ | Maanetic Field Factor: Il.El Settings... |

I~ analytic Field  Fackor: [1.0 Settings... |
[ ExternalField  Factar: | sqr{peakpower: Sethings... |

L YL i

Make YBA Macro.,,
Import VBA Macro...
Edit / Move | Delete YBA Macra,.,

Apply |
Close |
Help |




N>
Target Frequency for WG Port .

— Reduction of evaluated
port modes

— Absorption of
unconsidered port
modes

— Reduction in total
simulation time by
factor 8.7
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Target Frequency for WG Port

= Easier for the user:

Macros = no VBA definition

o = automatic setting of generalized port mode solver
Calculate G
Eilﬂeﬁﬁtru':t : ' : Set Port Target Cut Off Frequency @
bl aterials b

Pararmeters » Part Murmber: f
Report and Graphics » T arget Cut Off Frequency Ini

Results » [in project units]

Sohver k Check GPU Computing Setup

Wifizard * Mesh » [ Ok ] [ Cancel ]
Edit Macro hdanitors and Probes '

e Yl e elary Parts k Identical Wavequide Ports - Reuse bode Calculation

kake WBA Macra., Sources »
Irnport WBA Macro..,
Edit £ Mlonee £ Delete WBA Macrou,

Set Port Target Cut Off Frequency




>
Spatially Varying Material %

= Axial varying losses for e.g. TWT can now be applied
to one single material by space map based material

= Splitting in different object/materials is obsolete now

L T L A e e A A T e R A T S A A R A A A T




Spatially Varying Material

- 20720 Rt Loaded from Textfile
E-E Materials )
=53 SpacetdapBased_Dislectic via VBA

Elﬁ Spatially ' arving [Def.]

![MaterialMap_eps - Motepad

File Edit Formak Wiew Help

IH& C5T material field file
Format: FixedGrid
version: 20150107

EES

Lengthunit: mm

1.64 .
samplePoint x:

2 0 15.0

0,909

0,545

#

#

0.

# samplePoint y:
0.0 15.0

e

2

Sampleroint z:

0.0 100.0
-0.545
# Symmetry x: true
-0.909 # Symmetry y: true
-1.27 .
# Data section:
-1.64
= 11
11
Cutplane Mormal: 1, 0,0 2 2
Cutplane Position: 0 2 2
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Eigen H-Field in Gun Iteration Trk

rarcie s N N == Important for High Voltage guns

Tracking solver settings

Meshing strategy: — (”500kV), Where the E]gen H'F]eld

lLow Frequency v]

has a focusing effect in contrast to
the Eigen E-Field.

Particle source:
’parﬁdeZ v] Store result data in cache

Par. Sweep...

Gun iteration

Relative accuracy:

I PO Otherwise beam expansion is

L

Consider magnetic field I Clo Ove rest‘i m ated .
Tracking fields
Active | Field | Factor | Freg. | Phase | -
E E-Static 1.0 0 =
'E M-Static 1.0 0 =
N Analytic 10 0 -
— External 1.0 0 -
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External TET Field Import

Import External Fields

External fields

Use local copies only [ Update local copies Mue: 1.0 E

Ach'\-'e| Description |Re|. Paﬂ Type |Fachor|:requency{Phase|Shiﬂ| Signal | -
x P: accelerator_mvity_eigenan [X Eigenmode 1.0 0.552147 0.0 0.0 [ConstEj

Import Field from Project

4 m | Project
add from File... | |[ Add from Project... ]I{ |accelrator_cavity_eigenmode cst_

ield

Figenmode Tet 1 v] Predefined e-eigenmode field
Cutplane name: Cross Section &
2D Maximum; 4.24e+05
Cutplane normal: 1, 0,0
Cutplane position: 0

Frequency 0.5521

TET Fields can be loaded directly from emared 30155 05502
— E-Static

—  M-Static

— Eigenmode
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External TET Field Import

> Broadband sweep:

.i IFast reduced order model j

5-Parameters [Magnitude in dB]

Import External Fields

0 n -
- ! — 51,1 External fields
51,1:-20.365578 | xternd o |
G I T T | 52,1 : -0.10825882 : 52,1 [~ Uselocal copies only [ Update local copies Mue: IIU—
N S, ] —_ |
A EE— : ; 51,2 : -0.10825882 51,2 _concel |
-] CETLRRLEeeeees, e : e — 1 C5TD-104 0.0 [Constardes Help |

T S A Reset Yiew Space
: n Zoom Mode

E Ean Made
-12 1 .
: : | 2idd Curve Marker ul

=
B N Remove All Curve Markers add From File. ., | Add from Project.., I Delste Preview |
Shiow Curve Markers y 4
DR S = .
E Show Axis Marker
Axis Marker ... Tab

Import Field fron Project

————— Move Axis Marker To Minirmum

Move Axis Marker To Maximum I Project ’TI

.22 — . ;
g 8.5 9 IEI Bond &xis Marker Window CSTD-104-2959_MWS, cst J

Cancel I

Frequency / Calculate Fields at Axis Marker
’ 5 arker ~Field Help |

(3) Solutions Far 2 excitations were exported. 4

Frequency Domain Solver successFul




Spectrogram Pic

Frequency vs. Time Behaviour for Non-linear Systems

| 5= |

—a Fourier Transforms

a Time Window Settings u

Specify Action

Window Function: [HECt v]

Fourier Transfarm v] Fesample with Myquist rate before exvaluation

Frmir: o Todaledtid sTeanm “Window width in project units:

e © Sweep window center:
1 of samples: |[Aut0, from length of input signal]

- Fromtl= |2 toth= |18
Mormalization: i

Result type: [Magnitude (line:ar) V] Time Window Settings Lzing 9 tirme step|z].

1D Results
[Probes\E-FieId\F’robe SignalshE-field [2.11 0.0 3.2)(v] [pic] v]

Complex @) Re Im Mag  MagdB Ph

| field [2.11 0.0 3.2)(v) (pic]_FT_center = 2 ~|
(@) Complex Re Im Mag  Magdh Ph

kK ] [ Cancel ] [ Help ]
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Spectrogram

Frequency vs. Time Behaviour for Non-linear Systems

T e S ey

—E 10 Results

EI Energy
-3 Probes
-3 Collision Information
-3 Emission Information
-3 Solver Statistics [PIC]
-3 Voltage Monitors
-3 Spectrogram

Spectrogram

10

B.842e-008

289

263

247

205

184

163

142

121

1.409e-014
100

1] B 12 18 24 a0
Frequency / GHz




Phase Space Monitor %

= Performance Improvement
_) Faster res-ize : : : 945341: particIeT @ 9.50:003 ns :

15000

— Faster plot option change

13000

11000 -

10000

Energy [ eV

9000

8000

7000 7

6000 7

5000

4000 f f t t t t t
-10 -5 0 5 10 15 20 25 30 35 40




Phase Space Monitor

[ | MO re FleX'i b'i l'i ty [ Define PIC Phase Space Monitar

General

Hilg |

. . oK
= Abscissa and ordinate can be e o o
. Cancel
C h osen fro m: Mormed Marmenturm Abscissa
Gamma o
Beta Type: Pasition - ]
Eﬁ!;g? Component: (1% (0¥ (JF @ Abs
Crdinate
Tvpe: Energy -
X i Z | | &bs

Time settings

Skark kime: 0.0

Step width: 0.1

[lEndtime: | 0.0




Phase Space Monitor

= More Flexibility
= Abscissa and ordinate can be

chosen from:

= Special Case:

Position

Mormed Mamenkunm
Gamma

Eeta

Welocikty

Energy

Equal Position and Velocity
componente — Evaluation of
longitudinal Emittance

Define PIC Phase Space Monitor

General

pic phase space monitar 1
Abscissa
Type: Pasition - ]
Component:) (1% ()Y @ ZF () Abs
Crdinate
Type: Welociky -
Component: | (0% (Y @ Z () Abs
Time settings
Stark kirne: 0.0
Step width: 0.1
[CEnd kime: | 0.0

K

Cancel

Help




Phase Space Monitor %

= More Flexibility B 10 Ross
. . +E| E mizzion Infarmatian
= Abscissa and ordinate can be -G PCPhe Spoearits
| Iz aie zpace moanikor
chosen from: EErmm 563 Longtudingl Emitance
Gglr-nmmea o - }-‘-;C' pic phaze space monitor 1
Eeta
Welocikty
Energy
| 4e-008 Longitudinal Emittance
= Special Case: o008 |
Equal Position and Velocity 1008 ¢
. = Be-009 -
componente — Evaluation of = o0 |
longitudinal Emittance 46009 1
2e-009 4
0 t t t t t :
0 1e-009 3e-009 Se-009 7e-009
Time / ns




Emittance from PIC 2D Monitor

= Projected as well as slice emittance

Template Based Postprocessing .Evaluate PICZ2D Monitors E
General Results | Mame of Particle Monitar I pic: 2d monitor 1 =]
IF'articles ﬂ Particle Propagation Direction P -

Specify rezult value

- Ewport 3D Trajectorny Plot as Bitmap

- Export Particle Interfaces (TRE) Type:
1D Trajecton Flot [TRK) Current j

L= e e

Get Perveance [TRE)
Load Particle [nfo 'l

O — Curent e

| Ty &
w-Projected Emittance
u-5lice Emittance
w-Slice Emittance
w-mar Fositon
wmin Pozition
y-max Pozsition
it Position
LI zmax Positian

z-min Pozitian

Settings...l DElete | Duplicatel Evaluate |l|i| [Delete Al | EvaluateAIIl Mumber of Patticles

bt I Cloze | Help |




Emittance from PIC 2D Monitor %

Please note:
Emittance implemented in TRK code & Template

/ g2

€xorms = | \L7)\L

! |
/ -."._L T /

Emittance often used by accelerator people

The normalised emittance is given by|€n rms = 7€rms.| where the two factors are the rela-
tivistic Lorentz factors. The normalisation 1s necessary to make beams with different energies

comparable [6].




TET TRK Solver

icle Tracking

r~ Tracking solver settings

il

. Start
IMeshing strategy:
ILow Frequency ﬂ Claze
Particle source: Mesh Settings | Apply |
Iparticlel j " store result data in cache

Cptimizer, ..

i~ Gun iteration

. Par, Sweep, ..
Relative accuracy:

=30 w il 0
dE ™ Perform gun ikeration Acceleration. .

I | Gonsider maonetic Field
Specials. ..

—Tracking fields

il

Active | Field | Fackor | Freq. | Phase l:l Help
lf E-Static 1.0 1] =
E [4-Skatic 1.0 1] =
[~ Analytic 1.0 1] -
[~ External 1.0 a =
E
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