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1 Introduction : Simplified synchrotron
accelerator layout

1 External fields, beam induced fields :
relevant solver types

I Application examples for CST PARTICLE
STUDIO®
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Introduction : Simplified Synchrotron Layout
and Beamline Components
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Dipole Kicker for

Injection and

R\ Extraction
Quadrupole v V\

Accel. Cavity Y, Beampipe

Couplers, Bellows,
Peripherals... Transitions...

" Source: Synchrotron SOLEIL
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External EM fields, beam induced EM fields:
relevant solver types
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Application example:
GSI/ CERN Beam position monitor (1)

—_

Diagnostic tool for
Position monitoring and
Velocity measurements

I Symmetrical four electrode
design

1 50 Ohm coaxial line
connections

1 Scaled CERN design to
adapt to GSI vacuum
vessel dimensions

—_—( =

Source: F. Wolfheimer, T. Weiland (TEMF)
AUntersuchung verschiedener
fur Strahlpositionsmonitore im Rahmen des FAIR
Projektes der GSI O
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Application example:
GSI/ CERN Beam position monitor (2)
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Position monitoring U - uD vD(py - v )
| Differe_ntial signal of {“’ = @+ oD Yn -= D) + Uy(l)(f)J
opposite electrodes
1 Linear dependency of
signal amplitude on beam [$pos ~ K(f) - an ypos ~ K(f) - y”}
coordinates within a certain
range
Velocity measurement { e — ZBPMl}
i time of flight measurement Cparticle Ty ~to1

using two BPM devices of
calibrated spacing

1 Delay time between signal
Zero crossing
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Application example:
GSI/ CERN Beam position monitor (3)

Yoltage Time Signals in ¥
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Application example:

GSI/ CERN Beam position monitor (4) DARMSTADT
SUbJeCt Of IntereSt beta= 0.3 sigma=1.5e-010s freq=0.325GHz
I Linear region for position T c B \ o
measurement S S C T U o |
I Comparison of measured I et
position with actual beam j 1 |
position A Linearity diagram 9 @ +—— s —
Further subjects of interest : A - |
I Frequency dependency of K | [
I Influence of beam velocity
i Influence of electrode I
geometry parameters 1, e S S T
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External EM fields and beam induced EM fields

{ AActi veo compJo{nenﬁE’assivec‘) com}w

. L1 Sl <L

" Transportation ) ( Acceleration Y\ ( Diagnostics ) ( Vacuum vessel )

1Bending Mag. IRF cavity 1BPM iBeam pipe
TFocusing Mag. ié ié iBellows
\JKicker AN VRN ) \UCollimators )
{ CSTEM ] CST ! CST PARTICLE STUDIO® A
STUDIO® MICROWAVE .
STUDIO® L Wake field solver )
@ @ A Port signals ] A Wake function
CST PARTICLE STUDIO® . .
A Wake
PIC solver A trajectory _impedance )

20. April 2009 | TU Darmstadt | Fachbereich 18 | Institut Theorie Elektromagnetischer Felder | Dipl.-Ing. Lukas Hanichen | 9




Application example:
Impedance studies for resistive pipe (1)
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e | L
Vv l - Analogy : Electrical network
/ beamline component ® .I=dQ/dt
([ —|—|—

1 Longitudinal electric field induced by moving point charge
1 With finite transverse dimensions
1 Integral over transverse charge distribution and covered path

{ Z) (w) = q%/OL/OafozﬂE(fF’,w) J, (T,w) pododpdz J

Transverse Coupling Impedance
1 Transverse electric and magnetic field induced by moving charge with offset i

7

L pra p27
Z — f/[ By (7, e (| el
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Application example:
Impedance studies for resistive pipe (2)

I Most basic geometry
I Present in many sections of synchrotron
iBenchmark problem of Asmooth resis

o)

Zall (W)  + anrrugated wall (W) + Zmagnet (w) ...

Z (w)

Source for analytical solution: Al-khateeb et al.
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Application example:
Impedance studies for resistive pipe (3)
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Wake function is the response to a Delta charge distribution (point charge)
Wake potential is the response to an arbitrary bunch shape (typ. Gaussian)
1 In practice the excitation has to be of finite length

Delta Arbitrary

Distribution Distribution

| S [

Wake potential for delta distribution is Wake potential for arbitrary
the wake function (Green function) distribution

| | | |
| | i

(&
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