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Introduction

1 A new generation of LINACs with ultra short electron bunches

Motivation for PBCI:
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1. A new generation of LINACs with ultra-short electron bunches

a.a. bunch size for ILC: bunch size for ILC: 300 300 μμmm
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2 Geometry of tapers collimators far from rotational
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a.a. 8 8 rectangularrectangular collimators at collimators at ILCILC--ESA in the design processESA in the design process
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Introduction
tube shielding

vacuum vessel
PITZ diagnostics double 
cross
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outgoing pipe step

gap

cross

bunch length 2.5mm
bunch width 2 5mm
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Introduction
There is an actual demand for:
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1. Wake field simulations in arbitrary 3D-geometry

3D3D--codescodes
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2. Accurate numerical solutions for high frequency fields
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(quasi(quasi--) dispersionless codes) dispersionless codes

3 Utili i l t ti l f lt h t b h
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parallelized codesparallelized codes
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Di i N di i P ll li d M i i d

An (incomplete) survey of available codes
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Dimensions Nondispersive Parallelized Moving window

BCI / TBCI 2.5D No No Yes1980
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r ( NOVO 2.5D Yes No No

ABCI 2.5D No No Yes
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MAFIA 2.5/3D No No Yes

GdfidL 3D No Yes Yesm
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Tau3P 3D No Yes No

ECHO 2.5/3D Yes No Yes
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Numerical Method
The FIT discretization
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Numerical Method
Using the conventional leapfrog time integration

1/ 2 1/ 21 nn nT+ ⎛ ⎞⎛ ⎞ ⎛ ⎞⎛ ⎞
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Behavior of numerical phase velocity vs. propagation angle
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Numerical Method

Implementing a dispersion-free scheme leads to this:
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Numerical phase velocity and amplification vs. propagation angle
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Parallelization Strategy
A balanced domain partitioning approach
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total computational domain

left right,
2 2
N NN N⎡ ⎤ ⎢ ⎥= =⎢ ⎥ ⎢ ⎥⎢ ⎥ ⎣ ⎦
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intermediate subdomains

left right2 2⎢ ⎥ ⎢ ⎥⎢ ⎥ ⎣ ⎦
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active subdomains

left left

right right

W N
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=

processor #1
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Equal loads assigned to each node:
Grid Points

Node Node iW wα= ∑



Parallelization Strategy
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Example: Tapered transition for PETRA III
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moving grid window Domain partitioning pattern 
for 7 processors
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Parallelization

20
Parallel performance tests
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Parallelization

20
Parallel performance tests
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Parallelization
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Parallel performance tests
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Parallelization
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Parallel performance tests
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Parallelization
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Parallel performance tests
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Parallelization Strategy
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Parallel performance tests
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Parallelization Strategy

1 2
Parallel performance tests
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Modal Termination of Pipes
y Indirect integration schemes
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1 z s∞ +

direct indirect

1 1z s s+
∫ ∫

m
ag

ne
tis

ch 1( ) ( , )z z
z sW s dz E z t

Q c−∞

+= − =∫
0 2

1 1( , ) (0, )TM
z y

C C

z s sdz E z t dyG t
Q c Q c

+= − = − =∫ ∫
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2. Generalization for 3D-structures (A. Henke and W. Bruns, EPAC’06, 
July 2006, Edinburgh, UK)
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Modal Termination of Pipes
0y 0z = Modal approach
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direct modal
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- ~ 1982 Robert Siemann
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Modal Termination of Pipes
1. Time domain integration in the inhomogeneous sections:

01 z s+
∫
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+− =∫
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z z zE x y t E t e x y⇒

3 Compute spectral coefficients (FFT): (0 ) ( )nE t C ω⇒
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4. Compute wake potential contribution per mode (IFFT):
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5. Compute wake potential transition in the outgoing pipe:
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Modal Termination of Pipes
Using FD reconstruction in long intermediate pipes

diagnostics cross

TE
M

F)

bunch

injector section
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lowest  eigenmode5 eigenmodes10 eigenmodes15 eigenmodes20 eigenmodesFD analysis reconstruction
In an accurate 

simulation 
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ILC-ESA collimator
ILC-ESA collimator #8 bunch size 300μm

no. of grid points ~450M

TE
M

F)

60
σ / Δz = 2 5

Convergence vs. grid step no. of processors 24
simulation time 85hrs
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σ / Δz = 15 Moving window:

3 mm length
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ILC-ESA collimator
ILC-ESA collimator #8 38.05

38.1 mm15.05 mm

2.75 mm

bunch
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Direct potential (z = 150mm)

Direct and transition wakes

5
m

m

132.54 mm
17.65 mm
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30 Direct potential (z = 150mm)
Transition potential
Steady state potential
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TESLA / HOM coupler
TESLA 9-cell cavity
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F) bunch
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TESLA / HOM coupler
TESLA 9-cell cavity
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TESLA / HOM coupler
HOM / HOM-RF coupler (present DESY design)
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TESLA / HOM coupler
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TESLA / HOM coupler
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TESLA / HOM coupler
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TESLA / HOM coupler
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TESLA / HOM coupler
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TESLA / HOM coupler
Present DESY Design
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TESLA / HOM coupler

0 05

0.10  Wx
 Wy

 
TE

M
F) +

-0.05

0.00

0.05

 

(V
 / 

pC
 / 

m
m

)

he
r F

el
de

r (

-0.15

-0.10W
t / 

(

m
ag

ne
tis

ch

0.01 0.01

-5 -4 -3 -2 -1 0 1 2 3 4 5
s / σ≠

al
.

or
ie

 E
le

kt
ro

-0.01

0

-0.01

0Wx,sum =
Wx,up + Wx,down

Wy,sum =
Wy,up + Wy,down+

Sc
hn

ep
p

et
 a

tu
t f

ür
 T

he
o

0 03

-0.02
-0.03

-0.02

Assumption of linearity
t lid

38

S
. S

In
st

i

-0.5 0 0.5
-0.04

-0.03

-0.5 0 0.5
-0.05

-0.04not valid



TESLA / HOM coupler
Proposed DESY Design (Dohlus, Zagorodnov)
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TESLA / HOM coupler
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PETRA III
Tapered Transition PETRA III
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PITZ  Photoinjector
Low-Emittance Injector Development DESY/Zeuthen
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PITZ  Photoinjector
Optimization studies performed
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PITZ Photoinjector
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PITZ Photoinjector
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PITZ Photoinjector
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