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3D simulation setup
clear all; close all;
OS_LINUX=false;
M=5000; % particles in slice

PhysConsts;
home=cd;
if OS_LINUX,

type_cmn='cat';    copy_cmn='cp';     mpi='mpistart ';
generator=['.'  filesep 'generator.exe'];
astra=[mpi home  filesep '_Codes' filesep 'ASTRA_L64' filesep 'astra'];
csrtrack=[home  filesep '_Codes' filesep 'CSRtrack_L64' filesep 'CSRtrack_1.201.wic.exe'];

else
type_cmn='type';    copy_cmn='copy';      mpi='';
generator=['.'  filesep 'generator.exe'];
astra=[mpi home  filesep '_Codes' filesep 'astra' filesep 'astra'];
csrtrack=[home  filesep '_Codes' filesep 'CSRtrack' filesep 'CSRtrack_1.201_64_may2007.exe'];

end;

%sections
M0=1;    dirM0=[filesep 'M0_Particles'];                 %generate particles
N0=1;    dirN0=[filesep 'N0_Injector_0_2m60'];           %start Astra from cathode
N1=1;    dirN1=[filesep 'N1_Injecror_2m60_13m88'] ;      %run Astra through ACC1
N2=0;    dirN2=[filesep 'N2_Injector_13m88_21m09'];      %run Astra through ACC13
N3=0;    dirN3=[filesep 'N3_BC2_21m09_26m15'];           %run CSRtrack through BC2
N4=0;    dirN4=[filesep 'N4_Linac0_25m15_67m53'];        %run Astra through Linac0
N5=0;    dirN5=[filesep 'N5_BC3_67m53_82m65'];           %run CSRtrack through BC3
N6=0;    dirN6=[filesep 'N6_Linac1_81m65_152m55'];       %run Astra through Linac1
N7=0;    dirN7=[filesep 'N7_Dogleg_52m55_160m64'];       %run CSRtrack through dogleg
N8=0;    dirN8=[filesep 'N8_Drift_159m64_203m71'];       %run Astra upto undulator

GlueTrackM – a control script in Matlab.
S2E simulation time on Ferrari  for 200k particles 
is about 10 hours.



1D (longitudinal phase space) simulation setup
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1D (longitudinal phase space) simulation setup
function [P,C1,C12,C13,V11,V21,V31]=Flash(P0,q0,v,f,fi11,fi13, V13,fi21,V31,fi31,E1,r56_1,...

t566_1,u5666_1,E2,r56_2,t566_2,u5666_2,...
E3,r56_3,t566_3,u5666_3,see,wakes,lsc,M,savepart)

%global V11 V21 V31
if nargin<26, M=0.1; end;
if nargin<27, savepart=0; end;
PhysConsts;
sig0=std(P0(:,1));
k = 2*pi*f/c;lambda=2*pi/k;
P=P0; 
subplot(4,2,1); PlotParticles2D(P,see,q0,v) ;title('after gun');
E0=P(1,2); dP11sc=0;dP13sc=0;
E01=E1-V13*cos(fi13);
if lsc==1,

% L=11.3; beta=12.5; emit=1.9e-6;
% [dP11sc, x, W] =AddLSC (P,q0,v,E0,E01,L,beta,emit);
L=1.2; beta=15.33; emit=1.8e-6;
[dP13sc, x, W] =AddLSC (P(:,1),q0,v,E01,E1,L,beta,emit);
L=6; beta=15.33; emit=1.8e-6;
[dP13_1sc, x, W] =AddLSC (P(:,1),q0,v,E1,E1,L,beta,emit);
dP13sc=dP13sc+dP13_1sc;

end;
dP11w=0;dP13w=0; dPBC1_1w=0;
if wakes==1,

w0='Wakes/w0_11.txt';w1='0'; RLC='0'; 
[dP11w, x, W] =AddWakeL (P(:,1),q0,v,w0,w1,RLC);
w0='Wakes/w0_13.txt';w1='Wakes/w1_13.txt';
RLC='Wakes/RLC_13.txt';
[dP13w, x, W] =AddWakeL (P(:,1),q0,v,w0,w1,RLC); 
w0='0';w1='0';
RLC='Wakes/RLC1_1.txt';

Matlab function for the S2E simulation of the FLASH.
Simulation time for 200k particles ~ seconds



1D (longitudinal phase space) simulation setup
clear all; close all;
PhysConsts;
M=0.05; % smoothing parameter
global P0 q0 v f E10 r56_1 E20 r56_2 see wakes lsc
global I0 C10  C20 emitt0 t566_1 t566_2 u5666_1 u5666_2
global E30 r56_3 t566_3 u5666_3 V31 fi31
global V11 V21 V31
q0=1e-9; v=c;
see=1; %0-phase space; 1-current; 2-E_av and E_rms;
wakes=1; %0- no; 1-yes;
lsc=1; %0- no; 1-yes;
f = 1.3e9; 
E10=127;   r56_1= -0.1808; t566_1= 0.295198; u5666_1= -0.437737;
E20=470;   r56_2= -0.048669; t566_2= 0.0733141; u5666_2= -0.0982712;
E30=1000;  r56_3=5.585e-4; t566_3=0.0588; u5666_3=-0.6417;
I0=1809;C10=7;C20=7;

infile='E:\S2E_3rdH\s2e\N1_Injecror_2m60_13m88\flash.0260.ast';
P0=LoadAstraParticles2D(infile); %n=length(P01);P0=P01(1:10:n,:);P01=[];
P0(:,1)= P0(:,1)-P0(1,1); n=length(P0(:,1));

[fi11,V11,fi13,V13,fi21,V21,fi31,V31]=FindFlashParameters(P0(1:4:n,1:2),E10,E20,..
E30,r56_1,t566_1,u5666_1,r56_2,f,1/C10,1/C20);

options = optimset('TolFun',1e-1);
par=fminsearch(@Optim3,[fi11,fi13, V13,fi21],options);
fi11=par(1);fi13=par(2);V13=par(3);fi21=par(4);
[P,C1,C12,C13]=Flash(P0,q0,v,f,fi11,fi13, V13,fi21,V31,fi31,E10,...

r56_1,t566_1,u5666_1,E20,r56_2,t566_2,u5666_2,...
E30,r56_3,t566_3,u5666_3,0,wakes,lsc,M,1);

Matlab script for the optimization

Analytical solution without self-fields 
as an initial guess



1D analytical solution without self fields
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1D analytical solution without self fields[A]I
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1D analytical solution without self fields[MeV]E
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3D simulation without self fields. Optics.

Design optics

Beam optics from 
3D simulations
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3D simulation without self fields. Tails charge?
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3D and 1D simulations with self fields.

1) space charge
2) space charge + cavity wakes
3) space charge +cavity wakes + self fields in BCs

1D model was checked through 3D.
Working points are found by minsearch() in 1D and then checked 
by 3D.
Finally, 1D model will be used to estimate RF tolerances.

3D model 1D model

3D results to fit the 1D model 

1D scan to find 
the working point

1D results to use in the 3D model 



3D and 1D simulations with self fields.

Work points from 1D optimization
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3D simulation with space charge in ASTRA. Optics.

Design optics

Beam optics from 
3D simulations
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3D simulation with space charge in ASTRA. 
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3D simulation with space charge in ASTRA. 
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1D simulation with space charge. [MeV]E
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1D simulation with space charge. [A]I
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1D simulation with space charge + cavity wakes. 
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3D simulation with space charge + cavity wakes. 
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3D simulation with space charge + cavity wakes+self fields in BCs. 

ACC39

2W1
LS
Win

W1
TM

W3
LS
Win

Wout Wout 3W1
LS
Win

Wout LS

3D with BCs

1D with BCs

[MeV]E

[m]s

3D with BCs

1D without BCs

[MeV]E

[m]s



3D simulation with space charge + cavity wakes+self fields in BCs. 

3D with BC’s fields

1D with BC’s fields
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3D simulation with space charge + cavity wakes+self fields in BCs. 
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3D simulation with space charge + cavity wakes+self fields in BCs. 
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3D simulation with space charge + cavity wakes+self fields in BCs. 
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3D simulation with self fields for I=2500A. 



3D simulation with self fields for I=2500A. 
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3D simulation with self fields for I=2500A. 

front, side and top view of the bunch with BC’s self fields.

Banana shape



3D simulation with self fields for I=2500A. 

front, side and top view of the bunch without BC’s self fields.

symmetrical shape



From I=2500A to I=1809A. 
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3D simulation with self fields for I=1809A. [A]I
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3D simulation with self fields for I=1809A. [MeV]E
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3D simulation with self fields for I=1809A. 



3D simulation with self fields for I=1809A. 
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design

3D simulation with self fields for I=1809A. 
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How to improve? A phase shift between BCs.
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How to improve? A phase shift between BCs.

current profile
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