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The transverse dynamics of an intense 
relativistic beam in a linac is mainly de
termined by radiation fields. Upon bunch de
flection from the accelerating structure 
axis, the asymmetrical fields are emitted. 
These fields lead to the action of the trans
verse force on the particle in the bunch. At 
small deflections, the most substantial are 
the fields with one variation over the azi
muth, whose amplitude is proportional to the 
bunch deflection. The transverse force, ave
raged over the structure period, may be re
presented in the form of an effective gradi
ent: 

r,~):ceGf'J.,)·B 
\ 0 - \ (,,/ ' 

G ( i,J "' k 0j' [ E c. ( o, ,_ , -t ··- H y ( o, £-, ·t) J <1:t, ; 

-- "Y ci 0 '/...,·'.Lo., µ 

where cf' is the emitting bunch deflection 
from the axis, l 1- is the structure period, 
and 'f.,v is a longitudinal coordinate in the 
bunch. 

The magnitude of gradient is determined 
by the parameters of the bunch and by the 
structure geometry. As the calculations show, 
the gradient is proportional, in a first ap
proximation, to the number of diaphragms per 
unit length and is inversely proportional to 
the squared radius of the hole in a diaph-
ragm. For the -structure the distribution 
of the gradient over the bunch, whi9h has 
been obtained by numerical methods , is 
illustrated in Fig. 1. This figure also il
lustrates the charge distribution over the 
bunch. 

The specific feature of the action of 
transverse forces is that the field, which 
is emitted by a part of the bunch, influen
ces only behind the flying part, i.e. the 
magnitude of the force, which has influence 
on the 'tail' of the bunch, is determined 
by deflection of the 'head'. This results in 
the development of the transverse instabili
ty similar to the instability in a conventi
onal linac. Focusing by means of quadrupole 
lenses changes the nature of development of 
the instability. In this case, the 'head' 
acts upon the 'tail' periodically at the 
frequency of free oscillations. Thie leads 
the resonant build-up of 'tail' oscillati
ons. 

The resonant mechanism of developing 
the instability predetermines the method of 
suppressing the instability by shifting the 
frequencies of transverse oscillations. The 
latter can be made by introducing the ener
gy gradient of particles along the bunch. 
The equation, which describes the transver-
se motion of particles in the bunch, is 
similar to that for the 2sequence of bunches 
in a conventional linac : 
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where 'L"' cl a is the current relativis-
tic gactor, J ( 5) is the charge distribution 
over the bunch; the function Jrx - r) j s depen
dent on the structure of radiation fields, 
but one can put :f (X- ~) "'° ;<. · ~ in a first appro
ximation. 

This equation can be solved numerically. 
However, some regularities can be found on 
the basis of the solutions of a simpler equa
tion. Let us assume that the acceleration is 
absent, the charge distribution is uniform 
on the interval [0;11, and the function 
J{x- ~)= 1. Then, x 
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Let us introduce a linear energy distributi
on over the bunch: 

where E., and Y0 are the energy and frequency 
of the 'head' respectively and ~)J_ is the 
full shift of frequencies. )J,y 

The initial condition is the beam shift 
as a whole. Using the Laplace transform in 
time 
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we obtain 

where 
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The inverse Laplace transform is easy to de-
rive for integer values of 'L : 

1. Free oscillations with eigen frequen
cies (there are no transverse forces): 
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2. Bunch oscillation as a whole: 
(" 

'l "'" 1. U. (x 1 I -=o Li .. ~ fl,,, V L 
. , 1 J v C (x) l.v.~ 0 

3. Build-up of oscillations at a fre
quency of the 'head': 
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4. Build-up of oscillations at natural 
frequencies: 
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Thus the instability can be suppressed 
at a particular magnitude and sign of the 
spread, i.e. when the condition 
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is satisfied. Of great interest is the solu
tion at '( = U • Provided that ~ L..< :J. the ap
proximate solution is as follo~s: 

where JD is the Bessel function. As is clear, 
the amplitude of oscillations is damped, and 
U.N -"~· Unfortunately, as the analysis 

showsfC'this interesting result holds only 
for the function}(X-Y) = 1. 

The results of the numerical integrati
on of equation (1) exhibit the similar regu
larities of the,transverse motion of the 
bunch.Fig. 2 gives the phase images of par
ticles along the bunch at different spread 
in energies. In Fig. 3 one can see one of 
the results of numerical simulation for the 
100 GeV section of the accelerator VLEPP. As 
is seen, to suppress the transvers~ instabi
lity, an initial energy spread of -10% needs 
to be introduced. In the course of accelera
~ion this spread can be decreased down to 
-3% and can reach a minimally achievable one 
on the final section. 

We would like to mention that the effi
ciency of the presented method of instabili
ty suppression is the higher the larger the 
number of periods of transverse oscillations, 
made by the bunch on the whole length of the 
accelerator. 
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Fig.1. Distribution of the transverse force 
of radiation fields alone: the bu.'1.ch. 
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Fig.2. The phase picture of the particles in 
the bunch at different energy spreads. 
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Fig.J. Relative phase volume at the exit of 
the accelerator's 100 GeV section 
versus the initial energy spread. 
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