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Introduction
Example 1
s=2mm s=0.1mm
cl~20 C2x~5
RF1 BC1 RF2 BC2
Vi, o1, A1 Rse Vi o1 M1 Rse
V3, ©3; A3 Ts66 Ts66
E = 500MeV E = 2.5GeV
Ik = 1KA Ik = 5kA
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Introduction
Example 2
s=2mm s =0.6mm s=0.1mm
Ccla3 C2~6
RF1 BC1 RF2 BC2
Vi, o1, M1 Rsg Vi, 1M1 Rse
V3, ©3; A3 Ts66 V3, ©3; A3 Ts66
FEF = 130MeV E = 500MeV
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* OQverview LiTrack
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Attributes of Original LiTrack Code

« Longitudinal phase space single bunch tracker
* RF acceleration

* Bunch compression up to 3 order

« Cavity wakes

e Random distributions

Original Reference:

P. Emma and K.L.F. Bane, LiTrack: A FAST LONGITUDINAL PHASE
SPACE TRACKING CODE WITH GRAPHICAL USER INTERFACE,
PAC '05 / SLAC-PUB-11035
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Extensions to LiTrack

« Set up by energy and momentum derivatives (“knobs”)

« Minimization of the longitudinal rms emittance

— Constrained minimization of the longitudinal rms emittance (SQP- local
convergent)

— Penalty emittance minimization (GA - global convergent)

— Hybridization of both algorithms
« Systematic distribution
« Longitudinal space charge impedance (in the works)

 Manual / Documentation (draft available / under construction)
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=lslx]]

Cilitrack\SaveFiles\Example2d

« Linac definitions by pics
.. » Clearly arranged panels

Distrbution: ~ [unitorm |
ms SigZ0 (. 2

e [ * New introduced menu bar

« Parameter/target choice

C:\Dokumente und Einstellungen\Sebastian\Desktopitrackeriworkigenetics. mat* EEX

EEEEEEEEEEEEE e
L ML BL B

*  Optimization for more than one
BC system.

0227329 00317978 - (B 00419513

135347 17837 840051 13388
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1 0 1 0 ay COS @1 1 k wavenumber
0 —k 0 —(nk) a1siner | _ | po n n-th harmonic
—k2 0 —(nk)? 0 an COS ©n, } | g a normalized amplitude — RF
0 &3 0 (nk)3/ an SiN pn pg © phase — RF
e o ] “alue
Known from specification:k = 2~ Energy " Sl
/ Chirp < [ o
Energy adjustment nd Derivative 4 R 3 0
W b 0

Momentum chirp adjustment

/

/3 rd Dervative 4

Symmetry tuning

Precision adjustment of tails

Reference:

M. Dohlus and T. Limberg, BUNCH COMPRESSION STABILITY DEPENDENCE ON

RF PARAMETERS
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The GUI Pictograms

Mark, no action

General Bunch Compression Rse 1566 Usees

O e

Chicane (low angle approx.)  Rss Tses ~ —3Rs6 Usees ~ 2Rs6

000000000 RF Linac

) FIT-point (Peak current, energy, skewness,
AN correlation coefficient and rms emittance )

E End of track
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» Optimization
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General Problem Description

Optimization aims:
« Minimal longitudinal rms emittance min e(x) e(x) = 40502,/1 — 7“(?,0

subject to requirements

* Peak current Ink — Ipkt =0 )
* Energy E—FE=0 > ceq(x) =0
. . 1 N :Cj—f
« Symmetric current profile a=5 .21 <T> =0
J:
- Positive correlation in phase space —7r5, <0 }Cieq (x) <0
« Bounds on the design variable by <z <by

* Nonlinear Constrained Optimization

—

* Nonlinear Constraints

—> Approximation of the start values EE) | SQP
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Start Values by Genetic Algorithms

Determination of start values:
* Global optimization (GA)
mxin e(z)+

+ +

> Ik, (@) — Ity |+ | D Eu(z) — B, |+|D_ au(=)
Subject to Constraints A g g
 Positive correlation, else —7s..(x) <O — f(z) = penalty value

« Bounds on the design variable b <z <by

GA ‘ Start values ‘ SQP ‘ Result
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Schema of Hybridization

<Start populatioD by <z <by

C GA > mine(x) + 3 penalty(x)

Result | Start value

C SQP > min e(x)

A 4

Result
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Start population in
the space of bounds

Minimization of the
penalty problem

Constrained optimization of the
real problem

Analogy to Hill-Climb-Algorithm:
* GA finds the hill

« SQP searches the crest
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Result 1 - Without Cavity Wakes

(Ey= 049426 GeV, N = 0.624x10" ppb (Ey= 050000GeV, N = 0.624x10" ppb

4t (z)=1.220mm/ 1 4} (z) =0.055 mm~

2 4 2l |
S S
S - |
5 5

-2 i 2 ]

'4 E | 1 1 1 | 1 T -4 [ 1 1 1 | |_

09 1 1.1 12 13 14 15 -0.1 0 0.1 0.2 0.3

Z /mm z /mm
o= 01361 mm (FWHM: 0.4650) 6=99.6222 um (FWHM: 337.1802)

=0720kA =1.001 KA

0.7} 1
05 | 0.8+ -
05} .
0.6} .
0.4f 1
g £
0.3} 1 0.4 ]
0.2} 1
0.2} 1 _
o1f ' Time needed:
0o 1 11 12 13 14 13 oo 0 0.1 0.2 03 6.8 s
z /mm z/mm
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Result 1- With Cavity Wakes

(E)y= 049370GeV, N = 0.624x10™° ppb (Ey= 0.50000GeV, N = 0.624x10™° ppb
4r (2y=1.333mm / - 4t (2y=0055mm ; |
2 1 2 _
S S
20 : 20 :
5y 5y
-] -]
2t . -2r ]
4k ‘ . . . . L Ar . . . ]
1 11 12 13 14 15 16 -0.1 0 0.1 0.2
z /m z /m
o= 0.1696 mm (FWHM: 0.5836) o.=98.7833 pm (FWHM: 350.0006)
0.6f 584kA | 1 =1.000kA |
05} ]
0.8 ]
04} .
06 ]
Z 03} | 9
-y -y
0.4 |
02} ]
0.1} | 0.2 | .
Time needed:
0 0
1 11 12 13 14 15 16 -0.1 0 0.1 0.2 79.3 s
z /mm z /mm
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Result 1 — Start Values by GA Without Wakes .00

(Ey= 044628 GeV, N = 0.624x10" ppb

(Ey= 0.50000GeV, N = 0.624x10" ppb

{zy = 0.055 mm

3l (2y=12758 mm | | 4}
2,
2_
® 1t §:°
S 2o
& &
- -
-1t
2 h
20
3 ] 1 1 1 1 1 -4_ 1 1 1 1 1
12.2 12.4 12.6 12.8 13 -0.1 0 01 02 03
z /mmm z /1mm

o= 0.2143 mm (FWHM: 0.4310)
ka =0.655

12.2 12.4 12.6 12.8 13
2 /mm
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Gz=99.2201 pm (FWHM: 333.4311)

=1.000kA

-0.1 0 0.1 0.2
2 /mm

Time needed:
4.5 min
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Result 2 — Without Wakes - GA Results

(Ey= 0.13809GeV, N = 0.624x10' ppb

(Ey= 053776 GeV, N = 0.624x10" ppb

. 3F .
6 {zh =-5.662 mm." (zy =-12.440 mm
e 2_ -
4t i
S e 1
N 1 =
S S0
i Of ] i
-] -] il
2 J
i ' 4 -2r
-3 -7 -0 -5 -4 -3 --13 -12.8 -12.6 -124  -122 -12
z /mm z /imm
o= 0.7009 mm (FWHM: 1.5968) o= 0.1266 mum (FWHM: 0.2841)
I =0170kA I =0941 kA
D s
0.15} . 08l
0.1 ] 061
% % 0.4r
Q.05+ 1
02+
0 L Ol 1 1 1 1 L
-3 -7 -6 -5 -4 -3 -13 -128  -126 -124 -122 -12

Beam Dynamics Meeting March 05 2007

2 /mm

18



Professur fur Theoretische Elektrotechnik und Numerische Feldberechnung // / /

Sebastian Lange

HELMUT SCHMIDT

Result 2 — Without Wakes - SQP Results

(Ey= 0.13000GeV, N = 0.624x10' ppb

AENEY 1%

(£y=0030mm . |
n
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015+

Q.05+

-2 -1 0 1 2
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I =0200kaA
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1_ 4
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1t 4
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08
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 State of LSC Impedance Extension
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New Standardized Distribution

» . .

A

uonnqguisig
ueissnes)

Equidistant on z

Uniform Distribution

Gaussian on o

Number of particles: n?
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Model Assumptions

e RF-Sections

Constant energy gradient E(z) = Eend —

z -|— Eo
Zend — 20

 Compressors / Drifts

Constant energy E(z) = Eg
e Beta function

from component list B2+ 2

. _ BTwiss = —

In sections constant
« Beam size or(z) = s—nﬁtwiss(Z)

v(2)
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Analytical Modes of LSC
/ ~ _JZok v(2) kor
Zgc(k,z) = G~y (2)2 (a+21In ar(z)kz) 7 <1
_ Eeng — E
Bryiss ~ 10mM;  ep=1um; E(z)=-"20M""0. 45,
Zend — <0

b / [ .
Zsc(k,a — b) =/ Zi(k,z)dz Analytical Integration

a

4
M Ascx 10 .

Possible alternatives to analytical model :
* Numerical Integration

« Adaptive Simpson quadrature

» Adaptive Lobatto quadrature
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Beta Function

4000

3500

3000

25800

= 2000

1500

1000

S00

| | i | i i | i |
u] a0 100 180 200 280 300 380 A00 A80 s00
z[m]
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c
XFEL Componentlist 3.3
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« Summary and Next Steps
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Summary and Next Steps

Summary
« Extension by knobs
» Optimization of bunch compression system
* New convenient GUI
* Implementation of systematic distribution
 Implementation of LSC impedance (in the works)
* Documentation ((permanently) under construction)

Future Work
* Implementation of LSC impedances and wakes
» Sensitivity analysis and search for insensitive working points
 Improvement of the actual optimization design

Acknowledgement to Martin Dohlus and Torsten Limberg for
guidance and many helpful discussions!
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