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ACCELERATING SYSTEM OF ISOCHRONOUS CYCLOTRON
WITH A NON~SINUSOIDAL ELECTRIC FIELD

M.Kuzmiak,A.Hrda,V.Bejsovec,M,Kfrivanek,Z.Trejbal
Nuclear Physics Institute,Rez,Czechoslovakia
V.V.Kolga, JINR, Dubna, USSR

ABSTRACT

A non-sinusoidal accelerating vol-
tage was considered which may be formed
with a dee system consisting of two dees.
The fundamental harmonic voltage is app~
lied to the first dee and the third har-
monic is fed to the other dee.

It has been found by the study of
the ion motion in the cyclotron median
plane that there exists a correlation
between the growth of radial oscillation
amplitude and the azimuthal distribution
of accelerating gaps.

A criterion has been formulated for
eliminating the growth of amplitude of
§gd%gl oscillations due to electric

ield.

INTRODUCT ION

A number of papers appeared recently, which rela—
ted to an improvement of the energy apreaé of the par-
ticle beam outlet from the cyclotron 1 2

The variant considered of the dee system is cha-
racterized by a simplicity also with respect to the RF
energy supply of the dee system. The asymmetrical azi-
muthal distribution of accelerating gaps is compensated
by a convenient arrangement of the main dee ( fig. 1.).

The results given were obtained by a numerical
solution of motion equations 3 of the proton in the
median plane of an izochronous cyclotron.

DESIGN OF THE RF SYSTEM

First the variant of the dee system with , = T/2
was investigated. The ion is accelerated by the voltage
of the fundamental harmonics in the points 1 and 4 and
in the points 2 and 3 it is deaccelerated by the vol-
tage of the third harmonics of the field,


GPJ
Copyright © 1972 AIP   Reprinted from AIP Conference Proceedings No. 9


Tig.

ACCELERATION WITH NON-SINUSOTDAL FIELD 309

1.

i

A ﬂl

g U ] o

a) Schematic view of accelerating system

b) Voltage vs time T
¢) Azimuthal distribution of RF field

intensity and kinetic energy
vs azimuth
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The phase of ion with respect to the phase of the
fundamental harmonics in the moment when the ion is
situated in the point 0 is considered as the initial
phase of the ion Tp. During the ion acceleration
(Tp€ < -5: 5°> ) the emplitude of radial oscillations
increases 1n this dee system, as is shown on fig.2.
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Fig, 2. Radius r vs azimuth ? for ten turns, Line 1
is for the system with @x= n/2, line 2 is for
the modified system.

This increase of the radial oscillation amplitude
is due to shifting forces to which the ion is subjec-
ted during each revolution and it may be suppressed
by an angular extension of the main dee. The megnitude
of this extension was determined from the study of
azimuthal distribution of the intenzity of electric
field and the change of kinetic energy of ion per one
turn.

The Fourier analysis of the azimuthal electric
field values may be written in the form

>0
E(p((,p):..;.‘z +Z(ancos ng + b,sin ny) (1)

n=f{
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The kinetic energy of the particle may be then exp-
ressed by means of the relation

4
Wk(q)): e Sr!’-‘,.{)(gp) dp = W, + ¢ Srli«;(tj}) dy =
0
OQ
= wo*‘%o‘*Z(An sin n@ + Bycos ntp) (2)

where

An =2—L—IT-‘%‘——;%—'—'A (simp_‘cosT,,cosanx ~(cos3 (Tp+ 6)005 n TI/6)

(3)
Bn=-w(5”1 TpCOs @ sl NPy )

T A
Uo is the dee voltage, A is the radial width of acce-
lerating gaps, ¢ and 2n-¢x are the positions of the
accelerating gaps for the fundamental harmonics, q is
the amplitude ratio of the third and fundamental har—
monics, & is the phase shift of the third harmonics.
For Tp=0, & =0, the values Bn=0 and

2 Uge i
An='“J%%f%%l¥l (sin @ cos npy - g cos nT/g ) (4)

The condition for the suppression of the growth of the
radial oscillation amplitude is in this case

A1=0 (5)

which may be interpred as the zero resultant of the
shifting forces. For ¢y we obtain the relation

2 sin Qg cos Py = a V3 (6)

Tor q=1/9- mx=95.55° with the use of (3).

Radial coordinate of ion with Tp=0 vs azimuth
( or vs turn number ) is also represented on fig. 2.
( curve 2 ) for the modified system.
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RESULTS OF CALCULATIONS

For the calculations following values were selec-
ted: initial conditions for proton acceleration:

Pp=0, Wp=3.21 MeV, rp=15 cm, (dr/dy )p=0 and Uo=50 kV.
The value g=1/9 yields the most perfect behaviour of

8 voltage for the range of injtial phases Tp€ < -5% 5°>
considered. The value 0§ =0.35°was estimated for minimum
energy spread in first fifteen turns., It has been found
that the energy spread AW/W, which is w-4 in this
range,4depends strongly on an accurate determination

of .

The choice of initial conditions has the result
that a stable condition in the acceleration process is
attaind at a substantially higher turn number v = 100.
In this way the phase of the ion during the flight
through the gaps is also changed and the energy spread
is deteriorated, as may be seen on fig. 3.
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Fig. 3. Energyspread AW/W of the beam with the phase
width 10°vs turn number, Lines 0, 1, 2 are for
ions with the starting phases Ty =0} 5°and -5°
respectively.

On fig. 4.the ion phases with Tp=0° 5°end -5°
at the azimuth ¢=n/2 and 3n/2 vs turn number are
shown for § =0.35., On fig. 5. the development of the
radius vector of the amplitude of radial oscillations
for the ions having the seme starting phases Tp is
represented,

It may be seen from the two latter figures that
both phase and orbital stabilities of the accelerated
particles are provided in the system proposed,
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Fig. 6. Radius difference
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turn number, Lines 1, 2 are for T1p=5°and -5°

respectively.
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