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INTRODUCTION For some sequencg = f(l,, 9 ,) the spectratlensity of
the correlation function is determined by the expression
Beam halo formation irhigh intensity linacs is now 1 ke
extensively studied due the problem of particleosses is a Ry (@) N z Ry(K) e™
1

critical condition for design ohigh current cwlinacs for “Inskedn

. . s 2 2
nuclear wastéransmutation angoower production facilities. 3)
The beam losses leghan 1 nA/mfor high energypart of RN(k):i zx.x. .. = 21t
. . g IR m
linac are consideredow as acceptable level. It is cléhat N 1 & N
requirement of suctiow level losseteads either tabeam 2%

current limitation or such set of linac parameters, which cgafthis expressiolN determines the maximum of map steps.
considerably decrease its efficiency. It follows from given in [3] qualitative analysis of
As it follows from the previousand recently carried out spectrum of correlation functiothat it is determined by
investigations thenain reasons of théeam halo formation structure of the phase space. Inside it oneseathe stability
are nonlinear effects. The latest review of these works is givelands which correspond to the resonances of different
in  [1]. Theseeffectshavetheir origin ininfluence of the orders. They point out in spectrum fdt <<1 the local
space charge forces, mismatcheditial distribution, maxima with corresponding resonant frequencies. KAs
nonlinear externalocusing, etc. In many cases thss takes increases the spectrum becomes wider and nearly uniform.
place Hamiltonian becomes time dependent: There is one more universal spectral property of mapping
H=Hy(1)+ev(l,81t) (1) (2). Well marked peak appears for zdrequency when
— K =1 (so calledcentral peak"). It is due teome trajectories
where H, - Hamiltonian of nonperturbed systems, - o thevicinity of hyperbolic point ofthe separatrifor a
perturbation parametev(l,0,t) -time periodic functionl, 6 - very long time. This peak is good indicator of stochastic

action - angle variables time. motion region appearance.
This leads to appearance of nonlinear resonances which

makes beam dynamics much more complicated. The ANALYSIS OF THE BEAM DYNAMICS
simulations showthat for ratherbig perturbation parameter

(high beamcurrentfor example}his is reflected inthe fact SIMULATION RESULTS
that beam emittance grows. Nevertheless there is certain
range of perturbatiofor which simulations do nathow any
emittance growth but appearance of theam halo is
experimentally observed.

Let us consider now spectral properties of particle
trajectories in periodic focusing channels. Itwisll known
that trajectory is defined by expression

It is known [2] that even for verysmall perturbation = 21, L 4T +0,) 4
parameter there exist stochastic trajectories which correspond - €, |¢X| CORHT+5x (4)
to the destroyed tori whose measure, however, is
exponentially small. To clear up tHew particle losses 2¢ &
problem it is necessary to investigabe beam dynamics at Iy = XL ;B8 =argg, ,

rather small perturbation. In present paper the using of the
correlation function for analysis of beam dynamics simulatig¥iere ¢, - complex amplitude of oscillatiori, - length of
results is discussed. focusing period,$, - Flouget function, which depends on
Coulomb parameterh and on type of initial particle
SPECTRAL PROPERTIES OF DYNAMICAL distribution in phase spacg, - phase advance of Flouget
SYSTEMS function on the focusing period, &, - emittance in
corresponding plane and dimensionless time.
The consideration cdome specific spectral properties of Coulomb parameter depends on phase densitypesfm
dynamical systems ithe transition region from order tgurrent and on focusing channel parameters [4]:
chaos is given in [3]. In this work the simplest map that arises AK J
in the nonlinear oscillation theory has been studied: h=———G— (5)
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D1 =9+l mod 2T, @ hereX - wavelength of accelerating fieldg :BLA, J - beam

whereK is parameter of the problem ands discrete time. current, B,y - relativistic parametergy, - phase advance for



J=0, Jo - characteristic current.

It is shown in [Jthat dependence of phase advapcen

Coulomb parameter is expressed by

quo(m_h)

Ry(w,)

(6)

In [5] the influence of structural resonances in periodic
focusing structures on beam dynamacs considered. In this
work the analyticalstudy has been carried out for smooth
approximation andor uniform distribution of particles in
phase space. Following [Hje Hamiltonian in theicinity of
resonance with numbé&rcan be determined by expression
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Whereézi— L 1= e , O -depended oh width of the *
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k-th resonancey, - linear shift of the transversescillation

frequency,v,; -

nonlinearfrequency shift for particles with

maximum amplitude influenced byn2h nonlinearity of

potentialV(1,9,t).

Following the procedure given in [2] one can write the

mapping for (7):
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The described aboveorrelation function can be applied

for analysis of the

results of computer simulations in

different acceleratingand focusing structures. Simulations
give usually particles trajectories as some discrete sequence of
coordinates of particles in phase spage= f(l,,9,,1). In

this casex, can represent any coordinate of phase space. Itis ¢ |

the most convenient tohoose as step of sequeringeger
number of focusing periods of structure, g =1,+n ). It

corresponds to averaged over focusing period trajectories%of

particles. If initial conditions corresponds to tesel,,, =1, &

and 9., =

9, (zero current matched beam) the expression

(4) becomes asinusoid with constant amplitudsend initial

phase shiftd,. The appearance space chargérces leads

to determined by (8) amplitudend frequency modulation of

trajectories. Modulation rate is determined by mapping (8).
The spectra of correlation function of particle trajectories

are shown in fig. 1. The trajectories are the result of

simulations of thebeam dynamics inthe

tesffocusing

channel. This test channebrresponds to the intermediateF

part of the linador nuclear wastéransmutatiorproposed in 7
[6]. The parameters of the channel abdam are

following:
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2mmmrad Figure 1. Spectra of correlation functiéq (w,,) calculated

0.9866

for particle trajectories from test channel simulatioris=8t

The represented in fig.1 results haveen obtained by (a), h=0.05 (b),h=0.124 (c)h=0.248 (d)h=0.496 (e)
simulations with constant longitudinal particlelocities (no
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accelerationand for space chargirces calculated only for
transverse planes. The simulatiomsrecarried out by means
written in ITEP code ,PROTON" [7]. Test channel consists of
100 focusing periodandonly 300 particles were used. The
spectral densities of the correlation function in fig.1 have
been calculated fahe Coulombparameteh=0, 0.05, 0.124,
0.248, 0.496. The frequencies of the correlation funaign
coincide in our case with phase advances at focusing period.

Fig.1 showsthat mearvalue of phase advance decreases
due tolinear shiftand spectra width increases due to phase
advance modulation with increasing of paramhbtérhe most
noticeable feature ofhe spectra is the appearance of the
central pealeven for verysmall value ofCoulombparameter.
This effect testifiesthat even for low Coulomiparameter Figure 3. The dependence of the emittance growth
there is thenoticeable region in phase space where the central peak relative power (b) fon
behavior of the trajectories becomes chaotic.

The linear shift of phaseadvance depending oh
obtained from spectra is in a good accordamitie analytical
formula (6) as it is shown in fig.2.
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CONCLUSION

The use ofthe correlation function ieelatively simple
procedure for analysis of spectral properties of particle
trajectories calculated by simulations of beam dynamics in
linacs. Itdoesnot need a big number of particlesd can be
used fortherelatively short structuredhis procedure allows
to evaluate the influence of different nonlinesffects on
beam dynamicsThe relative measure of phaggace regions
where dynamicdecomesstochastic can be estimated. It can
be useful forthe analysis oiow levelparticle losses in
different types of accelerating and focusing structures.
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one can notice that htcorresponding to the beginning of the

rapid emittance growth, théow frequencyborder of the
spectrum approaches to zero.



