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Abstract

We investigate the influence of the devia-
tions of the electrical and geometrical para-
meters from their design values on the longi-
tudinal motion of particles in the side-coup-
led linac. The behaviour of the longitudinal
acceptance (displacement in energy, decrea-
sing and formation of breaks) for different
types of perturbations is determined. We sug-
gest & method of mutual compensation of vari-
ous errors in the accelerating modules. It is
found that the definite spatial variation of
the accelerating field within each module re-
gults in substantial increasing longitudinal
acceptance.

Introduction

The particle loss in the intense linear
accelerators of meson factories with average
current 1 mA are restricted strongly by re-
quirement of radioactive purity. Therefore,
after increasing of radio frequency (by fac-
tor of 445) and according decreasing of lon-
gitudinal acceptance in the high-energy part
of linec ( W 100 MeV), we shall have serious
problems with the particles near the separa-
trix. It becomes necessary to design damping
gystem for the coherent oscillations, longi-
tudinal and transverse particle filters and
to work out special procedures for tuning the

accelerator 1’2. One of the main reasons of
particle loss is connected with deviation of
parameters of the accelerating astructure
from their design values.

The high-energy part of the linac o1 wmos-~
cow Meson Factory (MMF) constitutes 27 cavi-
ties. Bach cavity consists of four tanks in-
terconnected by coupling bridges. The tank
incorporates from 19 to 28 accelerating cells
of the same length. The errors of the accele-~
rating channel include deviations of the
gizes of the accelerating structure elements
from the design values, space distortions of
the field along the cavity, as well as the
inaccuracy of setting the amplitude and
phages of the accelerating RF field. The in-
stability of the amplitude and phase of the
RF field leads to increasing of the effective
beam sizes, which can be obtained by numeri-
cal simulation. Below, for studying the ef-
fect of perturbations on the beam motion, we
use an approach bagsed on the notion of quasi-
synchronous particle. This method enables one
to determine the degree of effect of pertur-
bation depending on its wavelength for any
cavity of the accelerator.

Perturbations of the phase motion
of parfticles in the tank

The accelerating tanks consigt of identi-
cal cells, i.e. have a constant phase velo~

city jSP . In this structure there is no

usual synchronous particle, i.e. no particle

which moves along the whole length of the ac-
celerator with a velocity equal to the velo-
¢ity of the wave and, consequently, performs
no phase oscillations. On the other hand, if
the tank is considered as one accelerating
cell, it is possible to introduce the notion
of a quasi-gynchronous particle, which is
analogous to the definition of a synchronous
particle in the accelerator with a smooth
change in the accelerating cells. A particle
is called quasi-synchronous which in each
macroperiod "tank + drift space" has a velo-
city increase equal to the jump of the phase

velocity from tank to tenk’. Using the defi-
nition of quagi-gynchronous motion, namely
the equality of the input phases in each tanl
and constant velocity increase in the tank,
it is possible to find to what changes in thi
parameters of the quasi-synchronous particle
gome or other deviations of the tank parame-
ters lead. In this case the particles perfom
phase oscillations in the cavity with respec
to & "new" quagi-gynchronous particle. It
follows from the analysis of the solutions
of the equations of motion that the change 1
the velocity of the quasi-synchronous parti-
cle (or in the effective phase velocity), as
sociated with devimtiona of the geometrical
sizes of the cavity from the design values,
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A L (1)
L = Lt + Ld’ Lt is the length of tank
Ld is the length of drift space before and

after the tank. The relation (1) yields the
important conclusion about the possibility o
gimple compensation in practice for the er-
rors of tank lengths by changing the lengths
of the drift spaces between the tanks result
to AL = O.

Using the conditions of quasi-synchronous
motion formulated ebove, we find that in the
cagse of slope of the field in the tank with

amplitude & = %r
é;/_s_S: 6 . {:t ﬁo ‘./310 (2)

B 3 4L 45p ’
B, 1s the input design ¥¢elocity of the tan

Fig. 1 presents for these perturbations the
&)

takes the form

where

value of as a function of the cavity

number N (curves I, II).

Similarly one can also consider the influ
ence of the other field perturbations in the
tank. With decrease in their wavelength
the deviation of the quasi-synchronous velo-

city is described by A% . In order to answe
the question about the influence of perturba
tions with a wavelength greater than the

macroperiod length, it is necessary to consi
der the particle motion in the cavity. Deter
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mination of the value for each cavity



is of great importance for its tuning and
characterizes the degree of '"nonideality" of

the cavity 2.

OLs, 44
sl 10

. o yTa—

Fig. 1 Dependence of the value of on

8.8s
) 3
the cavity number N with a change in the
macropericd length by A L=100 mkm (curve I),
field slope amplitude in the tank & = 0.1
(curve II), field slope amplitude in the
cavity € = 0.01 (curve III)

Small oscillations of particles
in the cavity

Por the deviations from the design values
of the phase AY¥= ¥ y@ and the velocity

L= B Bs
mation we obtain equations which describe

small oscillations of the particles in the
cavity with perturbation of field é;[i*&?(?_)]

4;23_’3" v KEO@®La¥(1+eF)rs Fig %l )

LAY _ _ wd}p (4)
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where /C::-. e£; Isin Vfg/a)/( mpcsﬁp 3/'0'5)
function 8(2)= {Z) i Zf; V¥ (1—ﬁ§)'?f

Any perturbation of the field in the ca-
vity can be represented as the superposition
of harmonic perturbations. For linesr oscil-
lations the solution is the sum of solutions
found for the harmonicsg of the Fourier ex-

, in the conservative approxi-

s

pansion. For 3;= cos ZZ where integre

n=1,2,.., the deviation of the synchronous
phase is

SP=- 13 '[29% ' [1*‘('7)"] (5)
@ e

and the change in the quasi-synchronous ve-
locity is determined by the relation

fés:_ & {QV,z kBsC Sin M [1—(—1)’7
A (2221 "w f-cop 2 ®)
ﬂ
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where A:‘x,/%_t A, + u= 4 k[ is phase advance
in the cavity, & 1is radio frequency. At
n=1,3 55_‘; =0 and %" =0 at n=2,4. With in-

creaging number n the effect of perturba-
tion on the quasi-synchronous motion decrea-

ses (~n2). The maximum effect on the beam is

caused by perturbations with n=1 (in many

cavities 4~ ). At n=1 we have the so-cal-~

led field slope in the cavity. Fig. 1 (curve

15%2 presents the dependence of the value of
~3

on the cavity number in MMF at the re-
lative amplitude of the field slope in the
cavity &€ =5= =0.01.
Similar calculations can also be made for

Fo= Sin ‘72/22 . In this case

$Bs_ 9% xn kpc [1+61))
Bs_ 2 L1+ 7y
£ (ZBE Mo

For perturbations, which do not change the
average field level in the cavity, n=2.4,

and JZ =0,

The effect of change in the quagi-synchronous
parameters on the longitudinal acceptance
(results of numerical simulation)

The change in the parameters of a quasi-
synchronous particle describes the coherent
behaviour of the acceptance. The results ob-
tained make it possible, for example,to cal-
culate the change in the level of the syn-
chronous energy at the accelerator output in
the presence ofiggrturbations which lead to

the deviation # 0 of the same sign in

different cavities. This fact was verified
during the numerical simulation of the accep-
tance of the second part of the MMF for the
changed lengths of the accelerator macrope-

riods 3. Similar results have also been ob~-
tained for the deviations of the electrical
parameters of the sgystem: in the case where
the field slopes have the same sign in the
tanks or cavities of the accelerator on the
phase plane (¥, A) the capture region is
lifted or lowered coherently (depending upon
the sign of € ) relative to the design syn-
chronous energy value.

At the same time the alternation of sign

of the deviation

in the case of phase advance of small longi-
tudinal oscillations A~ 1leads to the
regonance build-up of coherent phase oscil-
lations, the capture region being decreased.
Depending upon the initial perturbation
phase (e.g. the sign of slope in the first
cavity) "breaks" appear on one or the other
gide of the acceptance (see Fig. 2).

The simultaneous effect of these pertur-
bations results in restoring the capture re-
gion. For comparison Fig. 3 gives the design
and restored capture regions at the input of
the second part of the MMF. The perturbation
amplitudes (& = 0.02 and AL = gOO mkm) are
gselected so that in the first cavities the

resulting deviation is %gk

S from cavity to cavity

=0 (see Pig. 1).
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Fig. 2 Longitudinal acceptance at the input

of the high-energy part of the MMF with the
field slopesg in the cavity with the amplitude
§ =0.02 and changing of signs according to

the law AEE = & (-1 (curve I) and with the
deviations of the lengths of the drift spaces
between the tanks AIB;GOO (--1)N+1 mkm (curve

II) where N is the cavity number

We have found previocusly the variation of
the field, which leads, according to the re-
lation (55, to a change in the phase of the
quagi-gynchronous particle th% with no

change in the average amplitude of the field
in the cavity. During the numerical simula-

tion of the effect of perturbationy = COS%%?

at n=2 the corresponding increase in

the acceptance in comparison with the design
case for & < 0O and its decreagse for £ > O
were revealed (see Fig. 4).

As has also been checked numerically, the
gynchronous energy level has the design va-
lue if, as a result of the effect of various

perturbations, %§§ = 0 1in each of the cavi-

ties.
In tuning the accelerator in the LANMPF,

initially attempts to obtain the capture re-
gion of the design value failed due to the

8¢t
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Fig. 3 Restored (curve I) and design (curve
II% longitudinal acceptance at the input of
high-energy part of the MMF
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Fig. 4 Longitudinal acceptance at the input
of the high-energy part of the MMF in the

case of field perturbations in the cavity of

the type & coS X2 at & = -0.05 (curve I)
and & = 0.05 (curve II)

deviations of the longitudinal sizes of the

accelerating tanks 4. In that case an attempt
was made to preserve it by creating slopes
of the field amplitude in the cavities. How-
ever, the searches had random character and

have not led to the desirable results 5.

This seems to be attributable to the fact
that compensation for the perturbation is
only possible at the point of its appearance.

It was demonstrated that the tuning of the
accelerator with the aid of the aT-proceduret
makes it possible to determine the value of

the deviation 955  in the cavity tuned
and, consequently, to directly compensate

for perturbations.
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