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Abstract HereF; is the total longitudinal force experienced by the
i disc due to space charge and rf field. We havel use

The longitudinal and transverse dynamics cddcsp . .
. ; een function technique to calculate the averggee
charge dominated beam have been studied s - . C -th
; . : charge field on a disc. The average electric ftgldhei
consistently during the bunch compression. Thecefé¢ . th h
disc due tq disc can be written as

axial variation of the longitudinal electric fielths been
considered in the transverse motion. We have also .

included a gaussian energy spread in the cw beam ap- - Q _ o,
studied its effect on the beam dynamics. We haveiext CE” (z ’S)> 27, [R(s)? DZ_;EXp( ’8”|Z' %] |)X
the bunching behaviour of a sinusoidal bunchergitie "=

modified beam envelope equation for space charge (ZEﬂl(ﬂn R(s)

N )
dominated 100keV proton beam. a,0.(a,) J [Sign(z; - z;)

INTRODUCTION where w and Q are the width and charge of each

The injection line of 10 MeV, 5mA compact cyclotroninfinitesimally thin disc respectivelyz and z are the
consists of a 2.45 GHz microwave ion source toveeli positions of thei™ andj™ disc respectivelyR(s) is the
100keV, 20mA proton beam, a low energy beam imecti radius of the disc at locatiog and can be found by
line with two solenoids, a sinusoidal buncher tadfuthe solving envelope equation. The average radial space
beam suitably and a spiral inflector to place thiedted charge field experienced by the bunch is given by
beam on the proper orbit [1]. The typical valuepbise
acceptance of cyclotron iS 10 % of an rf cycle. Beam
current in this phase acceptance can be improvessing E, (r,s) :{<p(s)> —<6EZ ©.9) >JEL 3
a suitable buncher in the injection line. In moétthe €o 0z 2
bunching systems the transverse beam dynamics are
studied using envelope equation where the spacgi&haUsing the expression of radial space charge fithe,

force is taken proportional to the increase of beament bheam envelope equation can be written as [2]
in the bunch during the bunch compression. This

approximation is valid where bunch size is vergdéain <K (s)> )

comparison to the size of the beam radius and tthnJrk(S)ER_ eff _E& =0 4)
variation of the line charge density is small. Bditen the R R3

bunch size becomes comparable to the beam radiieis, t

axial variation of the longitudinal electric fiennot be  with <Keff (s)> =(K(9)) —(A\(9)) [R? (5a)
neglected and the simple envelope equation is ngelo

valid. We have developed an appropriate envelope 9E, (0,S

equation for the evolution of the bunch radiusngkinto ~ and{A(s)) = m,B;j/zcz 2E< Za(z )> (5b)

account the effect of the variation of the longihad
electric field. We have presented simulation resok a
sinusoidal beam bunching system for various valkdes The term(/\(s)) is the correction term in the radial force

beam and buncher parameters. due to the axial variation of longitudinal electfield and

METHOD <Keff (s)> is the effective perveance of the beam at

The longitudinal dynamics of the beam during thepositions.(K(s)) = K, [{I (s))/1 , is the average value of

b%nCh gompr'eszi.o% hda§ belen StUdiedb usir}g d.dis‘;:q.moqﬁle perveance of the beam bunkb, | are the perveance
where beam Is divided into large number of diSC® 4" cyrrent of the continuous beam respectively and

beam frame. Each disc, identified Dby indéx is (g s the average value of beam current of the bunc
characterised by an axial velocity and positionz, and at locations during the bunch compression.
contains a fixed charg® and masdM. The equation of

motion of each disc can be written as, RESULTSAND DISCUSS ONS

We have chosen suitable drift length for each evalu

dv; _ dz, _
MG =Fiand vE_ =V, () beam current because of the restriction of maximum



allowable drift length due to space charge effextd
given beam current [3]. Fig. 1 compares the vamatf
the effective perveance as a function of drift tngith
and without longitudinal part for 10 mA and zeregy
spread in the beam.
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Figure 1. The variation of effective perveand€(g}> of
the beam bunch during compression for 100 keV pioto

The effect of bunch compression on the relativ

increase of beam current in the bundis¥>/ is shown
in Fig. 2 as the bunch travels along the drift gpac

T T o .=80eV
o= 320 eV
o.=0eV

6.0 -

<ls)>/1

0 20 40 60 80 100
Drift length (cm)

Figure 2. Evolution of Ks)>A during the longitudinal
compression for 10 mA beam current at three differe
values of energy spread.

beam. The space charge force increases during the
compression and act against the velocity modulatien

a result discs are repelled by the space charge foith
reduction in number of discs crossing centre ofchuat

the time focus.
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Figure 3. Variation of bunching efficiency (B.E.3 &
function of energy spread at two different valuébeam

Current at 100 keV.
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The effect of the energy spread on the bunchiny

efficiency is plotted in Fig. 3 at two values ofaoe

Figure 4. The longitudinal phase space distributbthe

currents at 100 keV. As expected the energy spredsam at the time focus for two different value ehin
reduces the bunching efficiency and effect is moreurrent and energy spread at 100 keV.

dominant at higher beam currents. A phase spadeaplo
the time focus is shown in Fig. 4. For low curretiscs
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