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ION BEAM DYNAMICS IN POLYHARMONIC FIELD OF LINAC

E.S. MasunoV', N.E. Vinogradov, MEPhI, 115409, Moscow, Russia

Abstract of structure D . Trajectories of pa_rticles in th_e field (1)

may be expressed by the summation of two different types
This paper describes the problem of ion RF focusing i8f motion ry and ', which are caused by slowly varying
the axisymmetric RF field involving one synchronous and.,4 and the rapidly oscillating one respectiveBy

several nonsynchronous harmonicBhe influence Of aang of averaging method the motion equation for slow
nonsynchronous harmonics on ion beam dynamics &mponent can be obtained in the form

studied by means of 3D effective potential, which is 5

obtained for smooth approximatiohhe motion equation d°R - —iU )
is presented in Hamilton’s formThe possibility of dr? oR ~°f

simultaneous transverse focusing and phase stability fgfere Uy =U,+U,+U,+U, is the effective
accelerating ion beam in the RF field without the ) _

synchronous harmonic is shown potential function

1 .
U, =-e/siny;
1 INTRODUCTION 2

It is known, that in order to achieve simultaneous 1 en2 1 qf
transverse focusing and phase stability for the accelerating U, = E A2 + E z A+ 2 ;
. . . e . n#zs s,n n s,n
ion beam in linac it is necessary to use external focusing
elements or to apply a special configuration of the RF 1 e’e’ -6 ¢
field. The second way is more effective for low energy ion U, = 16 A2 cos2y ) (3)
RF acceleratorsin papers [1-3] it was shown that the RF foﬁs sn
system with several traveling waves, one being e e

n>p

synchronous with the beam may provide simultaneously _ i | _ | _
acceleration and focusing of ions. The systems with Us = 16 ZSA—S o2 cos@y ). |h, —h,|=2h,.
infinite numbers of harmonics were investigated P ' ) .
numerically [4] Besides, it was shown that the requireere €, =ehE /mw", e~ =¢/l,,(hr),
effect can be achieved in the undulator accelerator +

= = - = +
where the synchronous harmonic is absent [8]this R 2t [ AB,, T=a, AS’“ (h,zhy)/ hy
paper the method of analysis of 3-D beam dynamics in tH§ and [3.--are phase and velocity of synchronous
polyharmonic RF field of linac is suggesteBor this particle and s is synchronous harmonic's numberthe
purpose the averaging method is usiedsuch approach  fo|lowing the variableX = z— z andr will be used as

the motlc_)n equation has the H_am||tc_)n s forinallows us a longitudinal and transverse variable respectivélye
to take into account the relationship between transvers

and longitudinal oscillationsThe shape of the effective effective potential function U  describes particle
potential obtained describes the 3D motion of the particdynamics in the RF field in smooth approximation

completely completely The result is that the equation (2) is presented
in Hamilton's form The function U, connects

2 MOTION EQUATION longitudinal and transverse motions of ion and allows us
The RF field in the periodical structure can be presentdd investigate their influence on each oth&he first

in the form summandU, describes the interaction between particle
E, = 2Enz cos(h, z) cos(wt ), and synchronous wave, the second dhe defines the

& focusing action of nonsynchronous harmonics. The

o (1) functionsU , , are mixed terms, which are describing the
ro . ’
E, Z E, sin(h,z)cos(wt), influence of nonsynchronous waves both on transverse
n= and longitudinal dynamicsSimultaneously radial and
where E*=E I,(hr), E,) =E,l,(hr), phase stability takes place when the funclidp, has an

h, =h, +2mn/ D, h,D--a phase advance per periodapsolute minimumThis is possible when some conditions
on amplitudes and phase of harmonic are satisfied
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3 SYNCHRONOUS AND ONE
NONSYNCHRONOUS HARMONICS
For two harmonics s and n the itdth, = 0. Let’s define
the frequencies of radial and phase oscillations
1 eff 1 aU eff

w (r)=— ; w =

(=T (X0=2 5
conditions of transverse and longitudinal stability are
w?>>0,w?>0

the linear
wrz(o) = wroz + wrlz COS(ZLIJ )!
0,%(0) =w,° +w,°cos2Y ), where W, ,, are
defined by termlJ ,

The

Then in
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It can be seen from (4), (5) that the larger the ratio
the more effective transverse focusing is.

CNACY
Besides, this focusing is stronger wh&x n, i.e. the
acceleration wave is faster than the focusing. drfee
simple analysis shows that for the cage/ € >>1

impact of the termlJ ; is unessential andv, ,, can be
neglected In the following we will assumeg, = €.,

e, = ke, where k <1 and e, is defined by the
breakdown voltageThe critical value ofk can be found

from (4). The overlapping of the phase stability buckets of

neighboring harmonics is undesirableThus, the
parametere, . is also bounded above
J_mf%1+W”v/v)<|s ©)

2w,(0)/ w,(0)=1,1=1,2,3,.. 7)

The zone of instability corresponds to edcthin (7). The
conditions (4), (6), (7) formulate the restrictions on
amplitudes of harmonicsThe diagram of stability

as

including only conditions (4) and (7) is shown in Figure 1
In order to investigate the dependence of transverse
frequency and/or transverse emittance on harmonic’s

numbers one can fix the parameteys,,, K, Y (i.e. fix

(4) the w, and/or the longitudinal emitance) and calculate
approximation the value ofw, for different s, Nand h, . This analysis

was done for the proton acceleration system with
E..,=100 kv/cm, k=0.15, Y =T11/4, [3,=0.015,
A=200cm The most effective transverse focusing is
provided by the system witis=2, Nn=3 for h,=0 and

$=0, n=1 for hy=Tt/ D . Besides, the radial focusing
is more effective for the systems wig< n.

Figure 1 The transverse stability and the zones of
parametric resonance

4 SYNCHRONOUS AND TWO
NONSYNCHRONOUS HARMONICS
Let’s add one more nonsynchronous harmonic with
number p to the RF field discussed above. In this case
summands U, and U, can be not equal to. Ofhese

The functionU 4 allows us to take into account theerms render acceleration and defocusing influence on
relationship between radial and phase oscillationsarticle motion Here the itemsU, ; are of the same

accurately. In the simplest approach [7], considering the

longitudinal  oscillations to be in the form

Srder asU, so it is necessary to take them into account

X = @ sin(w,T ), we can obtain from (2) the equanonThe analysis of influence of the summarlds , shows

of the transverse motion
d?r/ du? + ®(a+2gsin2mtu)r= 0 with
a=[2w,(0)/ w,(0)]? g=dctgp; ® is the

amplitude of longitudinal oscillationd hen the condition
of resonance is

as that these terms deform the shapelbf; significantly.

So the phase capture is reduced consideralblthe same
time, the contribution of the itemdJ,; into the

acceleration gradient can exceed the contributiok) gf
in several timeslt means, that such system may turn out
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to be effective for acceleration of the bunched heEme One can see that acceleration and transverse focusing

transverse emittance and/@, is determined by the ratio in the RF field without synchronous harmonic is possible

between termdJ, and U, ,. Figure 2 showst (r) Moreover, such_system may be more effective than the
' r standard one with synchronous and one nonsynchronous

for different combinations s, n,. fhe parameters of the waves

system are the same as those discussed above; k=0.3,

€, = €. The most effective transverse focusing is 6 COMPUTER SIMULATION

provided by the system wits=2, N=1, p=3 anth:O_ In order to test all the results obtained the computer
simulation was doneThe motion equation in the field (1)
was solved numerically for all the acceleration systems
discussedIt was shown that the averaging method allows
us to describe the behavior of the beam corredthe
range of velocities where the investigation of the beam

dynamics by means of effective potential functldny is

completely valid is bounded belowor instance, in the
case of proton§; > 0.005.

7 CONCLUSION

The method of analysis of the ion beam’s dynamics in the
polyharmonic RF field is suggestefihe RF system with
Figure 2 The dependence of transverse frequency on thgnchronous and one nonsynchronous harmonics is
radius investigated completelyThe conditions of stability are
1—{s=0, n=1, p=2}; 2—{s=1, n=0, p=2}; 3—{s=2, n=1, obtained. The features of the acceleration system with two
p=3}; hy=Tt/ D.4—{s=2, n=1, p=3};h, =0. nonsynchronous waves are showrhe possibility of
simultaneous longitudinal and transverse focusing of the
5 TWO NONSYNCHRONOUS bea_m. in the field wi_thout synchronous hgrmonic is
HARMONICS exhlblted The comparison of the acceleration system
discussed is doneAll results are tested by computer
The conclusion about the influence of nonsynchronougmulation of beam dynamics in the RF field
waves on longitudinal dynamics of the beam becomes
even more convincing if in the RF system, discussed in
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In this case the influence of focusing terh, and
accelerating one$J, ; may turn out to be sufficient to

create 3D potential well in which radial and phase
oscillations are stahlBesides, the conditions similar to
(6) and (7) can be obtainedThe comparison of
characteristics of different acceleration systems are shown
in Table 1 The parameters of the system are the same as
those discussed abowgsT1v3.
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