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Abstract 2 SIMULATION METHOD

Halo formation in high-intensity axisymmetric beams in The Hamiltonian  of the transverse motion is given by
a periodic focusing channel is analyzed using particle-in- _
cell simulations. In order to explore self-consistently the Ho(roroiz) = rﬂz/2+Kz(z)r2/2+q‘p(r’z)/(m/352°2)’ @)
fundamental properties of breathing round beams

propagating in a periodic focusing channel, the initiavherem, g, Bc denote, respectively, the ion mass, charge
phase-space distribution of a beam injected into a linacdad longitudinal velocityk,(2), whose profile is shown in
adopted to be a sufficiently realistic distribution such asig.1, is the periodic function representing the variation of
Gaussian, waterbag and parabolic. Numerical results sugle focusing strength, amts the distance measured along
as halo intensity gnd emittance growth are obtained tﬂ¥e beam Iine.y:(l—Bz)_w, ; :(Xz+y2)1/2 is the distance
means of multiparticle simulations.

from thez-axis in the transverse plane, and= (x'2+y'2)y2

1 INTRODUCTION is the dimensionless transverse velocity with= x/Bc,

Recent interest in using high-current ion linacs foryI: y/Bc, @lr.2) is the space charge potential, which must

production of tritium, the transmutation of nuclear wastd"'€€t With the Poisson eqution:

etc. has enhanced activitities for halo study. It is necessary

to understand mechanisms of intense-beam losses, Dz(p(r,z) — J’J’f(r’rm ;z)dfm , 2)

especially, beam instabilities and halo formation, because €9

machines must operate with a very low beam losses to

avoid serious radioaction. where f(r,r;;z)=f(x,y,x,y;3 is the distribution

~ K-V distribution of particles in transverse phase spacgnction in the transverse nonrelativistic four-dimensional

is used to adopt to pred|ct the behavior of real beam Bhase space.

most theoretical studies [1,2]. Because K-V beam density

is uniform, then space-charge forces are linear. Particle- k(2) &

core model has contributed to an understanding of the >

underlying causes of halo formation from mismatched ko(z) oo

beams [3-6]. In order to obtain more meaningful

simulation results nonlinear particle-density distributions

are adopted in a uniform channel [7-11], the codes 0

calculating space charge have been replaced by those with

more s!mple and accurate repre_sen_tatlgn of praCt'cfilfgure 1: The profile of solenoidal periodic focusing field

distributions [12,13]. Moreover, it is important to

understand the mechanism of halo formation in a periodic

focusing channel, since the period!city Of. Fhe external ﬁelﬂamiltonian H, are stationary for a uniform focusing

can cause a strong resonant instability [14,15]. The , . ,

chaotic behavior caused by structure-driven resonance [F&nnel becausei. is a constant of motion in this case.

recently been studied and connected with halo formatidtowever, in the case of periodic focusing channlsis

[16-19]. We had investigated the mechanism whicho longer constant, and the only stationary state for which

enables some particles to escape from deep inside coreain analytic representation could be found is the K-V

a uniform channel [11]. In present paper, we discuss thgstribution. For a more general investigation one must

properities of halo formation in breathing round beams ifely on numerical simulations by means of adopting

a periodic focusing channel. nonstationary  distributions.  Here  nonstationary
We first describe the simulation method in section Zistribution functions used in computer simulation studies

then apply the code to the phase-space distributions ai@ defined as functions of the radius in four-dimensional

obtain some simulation results in section 3. trace space and not as functions of the Hamiltortian

For a detailed discussion of nonstationary distributions see
[20].
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All distributions that are function of the transverse
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In order to compare different distributions on the samadopted to estimate emittance growth. Figure 2 shows
basis, we consider rms-equivalent beams which have thmittance growth defined as the ratio of the final rms-
same perveance, rms radius, and rms emittance. To obtamittance to the initial rms-emittance vs the cell number

the rms radius, we introduce the envelope eqution: of the transport channel for tune depressjg0.4, which
is defined byn=o/o,, whereo is the space-charge phase
d2a+K(S) AR S 3) advance over one axial period of such a focusing field and
ds a a ' 0,=75°, and different mismatch parameter (890.7, (b)

pu=0.8. From Fig.2 we can find that the more realistic the
wherea, A andk(s) are dimensionless variablessz/S,  distribution is, the smaller the ripple of emittance growth
A=KSE, K is the generalized perveaneethe emittance changes through the transport channel.

andS is the periodic length of a single focusing cell, and . 18
K(S)=Kk(2)S. The matched normalized radiag(s) can o s, 1-GA
) . £ 2| S16| 2wB 3
readily be derived from EQq.(3) whef and k(s) are es| | 1-GA 8| sea g, Wl
determined. The vacuum phase advance over one axial g [ @ §‘Q’AB $1af ‘
period of such a focusing field is approximately given by % 3l J §
1 2 ) 5 | 3 zl2
COZEOK(S)d%{ :[nko(z)]]/z. Then we notice thaty(0) ]
1
corresponds to the minimum radius of a matched beam 0 200 400 600 0 200 400 600
cell number cell number

because the original coordinate is located at the center of a
drift. Figure 2: Emittance growth of various distributions vs cell
We determine the mismatched initial phase-spaggimber for (aju=0.7, (b)u=0.8.
distribution a =pa,, a,=a,/u, where a,, a,
correspond to the matched one, and mismatch parame®e? The structure-driven resonance
u<1. The radial space-charge field of an axisymmetric
beam can be calculated from Gauss law by counting theThe periodicity of the external field can cause a strong
number of particles in cells of a finite radial grid whichresonant instability. Since the unstable particles can easily
extends up to 5 times the beam matched radius. Vecape from the core getting a large betatron amplitude, it
monitor the total energy through the transport channé§ necessary to investigate halo formation mechanism in
and keep the total energy constant. Here we empldy 1t@e structure-driven instability. The instability growth rate
particles and 100 radial meshes over the Ilengihcreases with increasing, and at sufficiently high
a, = a,(0) . values ofagy there is an intensity threshold beyond which
the beam is unstable for all valuesdof 0 [20], that is to
3 NUMERICAL SIMULATION RESULTS say, the second-order even mode occurs from the Vlasov
equation perturbation analysis. Fooy>90° and
We take into account the transport channel with enougifficiently large A, the envelope oscillations become
length so that the beam reaches saturated states befdtaotic for some mismatched beams [17].
arriving at the exit. Here the filling factorseen in Fig.1  Figure 3(a) shows emittance growth of rms-matched
is 40 percent of the length of a single cell. beams with Gaussian distribution, the phase advance
If an input beam is perfect'y matched to a transpoWithout Space Charge iS ﬁxed at fOWe f|nd emittance
system, there is no reason to expect the growth of a h&@lwth rises rapidly fronn=0.23 ton=0.25, there is the
unless the distribution is intrinsically unstable againggion where the second-order even mode exists. The
perturbation or there is structure-driven resonance@eam is trapped by the second-order resonance in the
However, it is impossible to provide a perfect beanPhase-space configuration shown in Fig.3(b).
actually, there is an inevitable initial mismatch which

generates a halo. ° .

We perform multiparticle simulations, to consider a % 16 | =
beam as realistic as possible, several different types of> ﬂ\\
initial phase-space distributions such as Gaussian,é 6l -0 E:'
parabolic and waterbag distributions are adopted. § =

- ==

H . . 0 . I . n
3.1 Emittance growth of various nonstationary oo 02 04 0s 08 10
distributions tune depression EY

_ o _ Figure 3: (a) Emittance growth of rms-matched Gaussian
To consider a beam as realistic as possible, sevepdams vsn and (b) phase-space distribution of rms-

various initial phase-space distributions such as Gaussi@aussian beam at cell number=600 gr0.245.
(GA), parabolic (PA) and waterbag (WB) distributions are
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Figure 5: Ratio of the maximal radial extent to radius o
matched beam vs for mismatch parameter (g¥0.6, (b)
p=0.8, with differentoy: ¢-85°, A-75°, X-65°.
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