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Abstract accelerating, bunching and focusing 

for charged particles beams. 

Problems of accelr,ration and focusing in The longitudional dynamics of the beam 

linear acceleratirs are consideree •.• c;aneral in accelerators with drift tubes may be des

mathematical problem of charged. ;:iarticle beam cx·ibed by well known equations 

control is formulated, r.Yethods and ulgori th'J'Js 

of solving these problems are developed. Pro

blems of mathematical simulation of beam dy

namics are discusGed in detail. So1ne be1.vn qu

ality functionals rlependinv on all inrticle 

tracks are propoased. Mathematical methods 

are used for parameters of forming 

systems. Designed codes allow to simulate 

optimize beam dynamics. 

This report is devoted to the ~ealiza-

tion of aporonch to problem of dyna-

mical system trajectories contl'ol in accele-

and st:ructures. 
Let us consider the sys~em of 

tial equatios 

X=f(t,X,u), <1) 

where t is time, X is Rn vectir phase co-

ordinates, u is R~ control vector and is 

vector function. e assume that syst (1) 

has the solution X =- X (t. ,X0 ) with initial 

conditions X(to,to,Xo) X0 for X0 EM 0 , whertc: 

Mo is the set of inj tial values, Let us de

note Mt,LI the shift of set Mo throuf'h tra,je

ctories of system (1). Let us sunpose that 

the function .P ( t ) ~ 0 is the system ( 1) 

integral invariant and functionscp(t,X,f) ar.d 

G(X,f) are given and non-negativ. 

The main problem is to find the control 

u = u (t), tE [t ,T], that gives infimum to 

the functional 
T 

I=~ icp(t)t,f(t,Xt))dXtdt+ JG(Xrf(T,XT))dXT. (2) 

to Mt u MT,LI 

'J'hi's general apnroach is used for the 

charged particles bc;am control in LINAC [1,2]. 
Let us consider ~ormulations of cotrol 

problems related with formating of required 

(3) 

where D is enercy and :f is particle rihn

se, 5 E [o, is longitudional coordinate, 

L is the length of the structure. In the equ

ation (J) piece-wise constant function c{ (J) 
is defined by formulas 

ct (5) to, I < [} ,_., j!,J. 
ci2 ----- -r--"1 d (S) = -

I I et l, ~ E[j.!i_ •f J; 
c{I 

I I 
I I 
I I I,= l, "'? N ~ I I 

0 
}Jo= 0; PN L. 

J.J. A fa- .. fl,_ s 
and proportional to intensity of 

field.,Let us suppose that energy 

phase Y' of particle·s at the end of accelera

tir are given or equal to average particles 

energy and phase correspondingly. The minimi

zation of functional 

I=~[a(rL -if+&(~L-~)
2

]d~LcHL (4) 

Mt,c1. 
that characterizes the beam at the end of ac-

celerator, provides optimal parameters. 

Let us consider the radial motion now. 

Let variables ~ and 2€. are reduced radial 

coordinate and velocity of a charged particle 

correspondingly. 'rhen equations ( J) are co

p led with system 

(5) 

where pi'3ce-wise function U (j) is intensity 

of solenoid longitudional magnetic field. To 
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take into account radial dynamics we add in

tegral 
L 

I 2 =) Hci2+cxce2JcH~d~l\ d~s dce5dy (6) 

o M5,o1,u 

to functional (4). 

This approach gives us opportunity to 

solve more complicated problems. For example, 

we can optimize the lattices with beam's 

space charge taking into account, Let us con

sider one of such problems. Suppose that par

ticles beam has circle cross-section and al

most homogeneous charge density distribution 

Then the fo1•ce acting on the particle may be 

defined by formula 

Fi (7) 

where R is an effective radius of beam cross 

section. 'rhen the beam's dynamics can be ob

tained by adrling the function Frz. to rir:ht hnnd 

side of second equation system (5). 
Thr~ choice of the functional (2) a.l lows 

to define the prelimenary structure of an ac
celerator and to optimize it to obtain pnra

meters needed. 

In monographs [1,2] there is a vast sur

vey of methods oI' solving different beam's 

optimal problems, The technique, proposed for 

these problems, allow to construct 

directed methods of choosing optimal parnme

ters, The analitical fonnulas for the gradi

ent of control parameters are pr·onosed in 

these books. In pa:rticulary formulas f'or gra

dients 

oI or 01 
]d' 0 .u ' ~) l= 1,2,. .. , N 

i. v-l vj11, 
for above mentioned examples are developed, 

We produced codes for IBM PC compatible 

computers for solving these problems. One of 
these codes provides optimal parameters f'or 

solenoids, quadrupols and gaps with drift tu

bes. Authors wanted to make the program allo

wing in interactive reeime 

-to simulate charge particles beam's dyna

mics; 

-to formulate conditions for the bt"arn confi-
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guration in the space of coordinates and 

speeds at the end of structure; 

-to calculate feasible structure parameters 

to satisfy for:nulated conditions. 

Main assumptions are 
a) the particle interaction isn't taken into 

consideration; 

b) electromagnetic field amplitudes are piece 

-wise constant. 

Under this hypothesis equations of beam's dy

namics allow the analytical solution every

where exept accelerating gaps. The aim is to 

place particles into domain, bounded by cur

ve on nhase plane. Let vector Y is ( W .~) or 

(1, r') or (x,:::c') or ( ~,H') and S(Y) = C is 

equation for boundary. Let the function F(Y) 
is defined by formulas 

F (Y) = o ~ if S ( Y) < C 
else F(Y)=- ($(Y)-C)~ 

Let the minimizating functional is the integ

ral of function F(Y) by the particle set. \~e 
shall minimize it by varying elements lengths 

and values of electric and magnetic fields 
amplitudes. 'rhe functional' s gradient can be 

obtained with the help of conjugate system 

that is solved analitically. ~he restrictions 

on control arc considered during optimization 

'rhe phase variables ( t, :C ~ ~) ±) 9, "i!) 
values at the end of every structure element 

are computed and saved, These data is used 

for construction of beam's dynamics vizuali

zation that is made with the help of graphics 

and tables. The user can enter the accelera-

and focusing structure, particle's type 

and initial beam phase configuration.The pro

gram made it possible to watch the 2D & 6D 
beam dynamics and to optimize the structure's 

parameters. If the user want to optimize the 

structure he should set the beam phase confi

guration at the end of the structure and put 

restrictions of the control, User can control 

the process of optimizatj.on, The codes can be 

installed on IBM PC/AT 286, 

The initial and optimized beams cross

section are depictured on figures 1,2,3,4. 
The beam's projections on the plane(W,~) 

at the end of initial and optimized structu

res are depictured on fig,1 & 2, The ellipse 

bounds the set desired. 

3rd Int. Conf. Accel. Large Exp. Phys. Control Syst. ICALEPCS1991, Tsukuba, Japan JACoW Publishing

ISBN: 978-3-95450-254-7 ISSN: 2226-0358 doi:10.18429/JACoW-ICALEPCS1991-S16MS05

S16MS05

Co
n
te
n
t
fr
o
m

th
is

w
o
rk

m
ay

b
e
u
se
d
u
n
d
er

th
e
te
rm

s
o
f
th
e
CC

B
Y
4
.0

li
ce
n
ce

(©
19
92
/2
0
24
).
A
n
y
d
is
tr
ib
u
ti
o
n
o
f
th
is

w
o
rk

m
u
st

m
ai
n
ta
in

at
tr
ib
u
ti
o
n
to

th
e
au

th
o
r(
s)
,t
it
le

o
f
th
e
w
o
rk
,p

u
b
li
sh

er
,a

n
d
D
O
I

556 Modelling and Simulation



Fip.-. 1 
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l 
The beam' projections on the nlane (~,7) 

at the end of initial and ontirrized structu
res ·are ctured on fig.) & 4 correspon

~infly. The ~llinse bounds the set desired .. 
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