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Abstract

The shaping of the longitudinal phase space in bunch compression systems is
essential for efficient FEL operation. RF systems and self-field interactions contribute
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Tracking Overview

Two types of alternating tracking steps:
Longitudinal offset is constant but energy is not

to the overall phase space structure. The design of the various facilities relies on

extensive beam dynamics simulations to define the longitudinal dynamics. However,
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In everyday control room applications such techniques are often not fast enough for

efficient operation, e.g. for SASE tuning. Therefore efficient longitudinal beam
dynamics codes are required while still maintaining reasonable accuracy. Our
approach is to pre-calculate most of the required data for self-field interactions and
store them on disc to reduce required online calculation time to a minimum. In this
paper we present the fast longitudinal tracking code RFTweak 5, which includes
wakes, space charge, and CSR interactions. Lattice and impedance models for
FLASH and European XFEL are implemented but the code can be applied to other

machines as well.
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Different RF Setup Methods

1. Direct input or machine readout of phase and amplitude settings

2. Complex definition of RF parameters — The energy is given by the
real part while the chirp is controlled by the imaginary part.

3. Abstract beam physics based knobs like chirp and energy as well as

higher orders to control the shape.

Igor Zagorodnov and Martin Dohlus

Semianalytical modeling of multistage bunch compression with collective effects
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Solution:
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Energy is fixed but the longitudinal offset is modified
St = S+ Rse0m,,, + Tse60m,,” + -+

The Taylor-coefficients are defined as the components of the
longitudinal dispersion or the series expansion around the working
point, e.g. the RF curvature in the cavities.

Wakes, longitudinal space charge and CSR effects are applied in the
energy modifying steps.

ASTRA dumps downstream of ACC1 are accepted as input
Chirp generated by ACC1 is implemented by backtracking

2. Backtracking
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‘ 3. Tracking

1. Input Distribution

Fast self field calculations are possible by pre-calculated wake kernel
tables which are stored to disk

Energy independent CSR kernels (about 4GB for XFEL)

Energy dependent tables for wakes and longitudinal space charge
(about 150MB each)

Recalculation required if energy profile changes on a percent level
about 2 minutes time for recalculation

Results are stored to disk so following tracking runs with the same
energy do not require this preparation

Example:

Full XFEL 1D tracking with 1M particles,
wakes on, longitudinal space charge on, in less than 5 seconds

Switching CSR on in the final BC increases tracking time
to only a minute on a standard notebook

Simulated Signals for longitudinal Diagnostics

'E rftweak5 gui =SB X

Eile Setup Analyse Diagnostics
FLASH - 0.25 nC active
ACC1 If ACC3g I BC2 I ACCZ3 If BC3 I ACC4S67 I Dogleg || © et @ right

longitudinal phase space after ACC39 longitudinal phase space after BC3

arrival time [ps] arrival time [fs]

1334 1001 6671 3.336 0 -3.336 6671 -10.01 -13.34 -16.68 200.1 1334 66.71 0 -66.71 -133 4
T T T T T T T ™ 16 T T T T
2 I __H"'"\-,_ _.-'/i_-\\x
— — 1 r ! -1
< \‘x\ o < J_.a’ \ 1200
€ 15F t 08 \
4 / \ 4 \
= Y = L 1 1000
= / \ 12 g 06 \
- ) - | \
% ..-". \ % 0.4 \\
= DS B ,I 1Y q 1'} — I 1-._‘. - BDD
=8 ! = 021 J b -
= OF 8 S /
E E ook Eile Edit View Insert Tools [Desktop Window Help u
O L o ~ \ =
505 16 - .| DS | MANODEL- S| 0E) =D
o o 0.4
E 1T 4 E 06 . . Fudge factor:
@ @ 06 Bunch Compression Monitor i
Z 15} \ Z 08 | _ _
= / — ! ! Location: |SDBC2.1 Detector type: | X004 _CR110 _D 11 V
u / 4| ritweak5 T .
-2 . _,./! | Onby part of data shown where ADC signal iz = 0.001 of maximum
-4 -3 -2 -1 0 1 15 X MApéctral intensity @0.25nC (J/Hz) 0 Longitudinal form factor
longitudinal position s [mm ' l al . i g
' Faw data : Raw data |
Interpolation Interpolation |
1 \rnltrage after AGFEB . = 1l 1101} |
g i
. " 'R
e — ] dlrectl co) é i A "
— e — T i' M""-h-. .-: l::»- 1
~- IS 5 oS — 1102F AN A 1
l“"\-q = [l44 I|""llr.____ ¥ ':.' ::: E: -_nn
— o ] S—_— SRR 8 iR Ly
L bl | BEE | ¥ ¥ L
File Edit View Insert Tools Desktop Window Help (| - ' - “ 1073 *
- - | 0 1 2 3 4 0 1 2 3 4
Oddde | ARRODEL- S| 0E O f (THz) f (THz)
200 400 600 8OO 1000 1200 & Detector responsivity (V/J) -13 ADC signal (V/Hz)
. . . w10 . o4 =10
Synchrotron Radiation Monitor |p longitudinal axis [px] . _ 7 _ _
H 1 T T T b R 'd ta | 1 | = 'D11V
Location: BC2 D = 354.33 mm 12000 ! 1 In:: nlaaticrn | 4 \ - negra_a /
. ead fr original current il J 137 1
Lesrorens 10.24 mm, 1024 p 10000 | ||“w'k ' cument after TDS | 1
Resolution: 0.04 mmip, 100 pa/mm P N profile from image |

x 1013

3.5

3_

28T

2
15| 600 650 70O 750  BOO
¢ longitudinal axis [px]
’

normalized slice emittance [mm mrad]: beam energy at TDS [MeW]:

0.5

1 T00.02
calculate TDS image
auto flip screen

[ LoLa color map
energy offset [px]:

dizgplay original phase space
display phase space after TDG

[] =how RO
lengitudinal offzet [px]:

0

0
Transverse displacement (mm}

0 0

TDS Parameters
TDS Power:

p| [

www.Xxfel.eu

ﬁ HELMHOLTZ

| ASSOCIATION



