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Abstract

The reaSons are discussed which
cause the distortions of the beam pha
se volume configuration. The results
of numerical calculations for the pha
se density redistributions under the
influence of the Coulomb forces for .
some accelerating and focusing systems
are given.

Regularities of the increase of the
effective phase volume in accelerating
and transporting a beam are considere~

!he dependence of distortions of the
phase volume configuration on the ini
tial phase density distribution is in
vestigated.

In1;roduc1;ioD

In high current d.c. accelerators
used as linear accelerator injectors
one of the most important characteris
tics is the value and configuration of
the transverse phase volume. In Ref.1-3
it has been shown that in real beams
affected by nonlinear Coulomb forces,
variations of the configuration of the
transverse phase-vOlnme 'take plac-e.

In the present paper reSalts are
given of a number of numerical experi
ments conducted for the purpose of fin
ding out the basic properties and re
gUlarities of the growth of the beam
effective phase volume in accelerating
and transporting systems of d.c. aCce
lerators. Generally, to investigate
beams with non-stationary distiibution
of phase d,n8igy both discrete ,7 and
continuous , , calculation methods
are used. In our investigations the
continuous calculation method was used.
This method allows to obtain such im
portant characteristics of the beam as
phase density distribution, configura
tions of cross-sections and projecti
onS of transverse phase volume, cur
rent density distribution etc.

As a result of these numerical ex
periments some basic principles of con
struction of accelerating and transpor
ting systems, providing minimum distor
tions of the transverse phase volume,
have been found and formulated.

Beam iransport in a periQdic
tocusiJ1B system

To investigate the redistribution
of the phase density and distortions

of the transverse phase volume confi
guration in the transport system, a
periodic focusing system commonly used
has been chosen. Parameters of this sy
stem have been chosen from calculati
ons'15ade in miorocanonioal approxima
tion • In the general oase there
exist two solutions for the periodic
system: strong focusing, when the ra
tio Rmax/Rmin is large and we$k focu
sing when Rmax/Rmin is small \Rmax is
the beam radius in the thin lens plane,
Rmin is the beam radius in the crosso
ver). !he results of numerical oalcu
lations are given in Fig.1 - for the
Case of weak focusing and in Fig.2 
for the case of strong focusing. In
the initial cross-section in both ca
Sas the beam with the Gaussian-Maxwel
lian distribution of the phase density
waS taken. !he energy beam was 600 KeV.
In the present and SUbsequent experi
ments the beam of 650 mA and normi11
zed emittance of fI clR.mrad waS calcu-
lated. --

Trom Figs. it is seen, that in the
case of strong focusing the distorti
ons of the phase volume configuration
are much greater. Also, with strong
focusing the motion of the beam char
ged particles through the focusing sy
stem is unstable.

Fig.3 shows the growth of the effec
tive emittance for the calculated ca
ses. ~hus, the present numerical expe
riment shows, that the distortions of
the phase volume configuration and the
growth of the effective emittanoe are
much greater in the system, using
strong focusing.

Accelerating systems

Aooelerating systems, used in d.c.
accelerators, can be devided into two
groups: systems with prefocusing and
systems without prefocusing.

The system with prefocusing is ap
plied in existing preinjectors of pro
ton synchrotrons of the Institute of
High Energy PhYSics and the Institute
of Theoretical and Experimental Phy
sics. In this system the main part of
the charged partiole flight-time thro
ugh the acoelerator is the flight-time
through the prefocusing system at low
energy.

In the system without prefoousing
the partioles, ooming from the ion
souroe, come at once into the acoele-
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rating field and are then focused at
full energy.

Calculation results of the phase
density redistribution for the discus
sed systems are given in Figs.4 and 5.
1ig.4 gives the beam motion in the sy
stem, similar to that operating in the
Institute of High Energy Physics but
reduced in half. the average stren&th
ot the accelerating field is 18 kv/cm.
Fig.5 shows the motion of the beam
with the same initial parameters in
the 18 kv/cm uniform field.

Ix'( rad)

~ X(cm) ~;X(om)

Fig.3. ~he growth of the effective
emittance of the beam focusing by a
periodic thin lens system.
1 - strong focusing; 2 - weak focu
sing

Fig.2. A periodic thin lens system
(strong focusing)
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Fig.1. Envelope, ourrent density dis
tribution and projections of transver
se phase volume for the beam focusing
by a periodic thin lens system (weak
focusing)
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of the configuration of finite phase
volume, represented by a dashed line.
Ciroumscribing around this line an el
lipse with the least area, one can
speak about the finite value of effec
tive emittanoe even in the case of ze
ro velocity spread of particles. ThUS,
the present experiment permits to draw
the following conclusions.

Firstly, it shows, that even the
beam with negligible thermal velocity
spread under the action of nonlinear
Coulomb forces will occupy t~e finite
effective volume in Space XX •

Secondly, it suggests the possible
method of investigation of the Coulomb
forces by means of calculating the
beams with zero phase volume, which
can be realized much easier.
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As is seen from Figs. in the system
with prefocusing, characterized by the
larger flight-time, the distortions of
the phase volume and the growth of the
effective emittance are mach greater,
than in the system without prefocusing.

DaShed lines in Fig.5 show the cal
culation results of the motion of the
beam, whose initial distribution of
current density in the diameter is uni
form and Coulomb foroes at the initial
moment are linear. The results of this
numerical experiment show that because
of thermal velocity spread the given
ourrent denSity distribution is not
preserved and becomes non-uniform.
This results in the initiation of non
linearity of Coulomb foroes and, res
pectively, in the distortions of the
phase volume configuration. In this
case the value of the phase volume di
stortions is roughly the Same as with
the non-uniform initial distribution
of current density.

Fig.6 gives the calculation results
of the beam motion in the system wit
hout prefocusing and with sUbsequent
strong focusing; its phase volume va
lue is both zero and finite. In first
case the projection of phase volume is
described by a line. As is seen from
Fig. the distortions of the phase vo
lume line repeat in general the dis
tortions

Fig.4. Acoelerating system with
prefoeusing
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Fig.5. Accelerating system without
prefocusing. Solid line-initial our
rent density is gaussian, dashed line
initial current density is uniform
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Fig.6. Acoeleration without prefocu
sing. Solid line - V4 _O; dashed line
V4 ,lO

Conclgs;1Qn

Numerical experiments conducted on
investigation of processes of the pha
se density redistribution make it pos
sible to draw the following conclusi
ons.

1. When accelerating and transpor
ting the beam its quality, effective
phase volume and current density dist
ribution depend strongly on the effect
o~ nonlinear Coulomb forces.

2. When transporting the beam the
weak focusing system is prefferable
because strong focusing results in the
substantial distortions o~ the phase
volume confiquration and the rapid
growth of effective emittanoe.

3. The aooelerating system without
prefocusing, characterized by the
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