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Abstract The term(277/A¢) is included with current to account for
The behaviour of transverse beam oscillations in the phase acceptance in the central regigr. 31 MA for
compact cyclotron has been discussed for spacey&haprotons. Equations (2) can be solved along thelaeted
dominated beam using the coupled beam enveloggit to obtainX, X’ and Z, Z’ using the initial values.
equations. The amplitude growth and oscillations asince the slope of the envelope reduces with the
found to be very sensitive to betatron tunes aritep gcceleration, we have modifietf andZ” suitably at each

charge_: effects. We have_z studied the effect of iri_maa:m acceleration gap by multiplying them with the ratiothe
condition on the amplitude growth and obtained thgqy Byto the nevBy, Sandybeing the relativistic terms.

optimized parameters to get the oscillation amgétu
within the acceptable limit.

INTRODUCTION
The results of simulation study in the central oagdf a

10 MeV compact cyclotron [1,2] reveal that the beam

envelope behaves differently due to the couplinghef
horizontal and vertical motions arising due to Hpace
charge effect. It is well known that the amountbefam
current that can be transported through a smoatirsfog

channel is a maximum when the beam is perfectly

matched to the acceptance of the focusing chafoela
cyclotron with low beam current and without accatem
the matched beam radius is

/5 R /5 R
Xm = [ZxX= , Zm = z
vV, v,
where v, and v, are betatron tuneg, and & are beam
emittances in horizontal and vertical planes retpely
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igure 1: Accelerated orbits for proton from 100/ki

avoid instabilities the tune value should be chose%o MeV. dee voltage=125 kV, gap width between dee a

properly. In the case of space charge dominatednbe

together with acceleration where tunes are depiedse

dummy-dee = 2 cm, dee height = 3 cm.

Fig. 1shows the horizontal cross section in the central

to space charge force, the concept of matched beasgion and position of the inflector, acceleratiaps G-1

radius is not well defined. Therefore it is impaottao

to G-4 in the mediamlane and accelerated orbits of the

study the behaviour of mismatched beam to avoid affotons. We have used magnetic field data from 3D

beam loss during transport and acceleration.

METHOD OF SIMULATION

In order to obtain the beam envelopgs) in the
horizontal planeandZ(s) in the vertical planes being the
path length along the accelerated orbit, we haeel tise
following coupled beam envelope equations [3]

d?x , v? "o 4 el _ -
2 52 33 Aw w3 (22)

ds“ R (X+2)1,8%° Do X

d’z vi ,_ 41 moes oh
2 52 3.3 Aw -3 (2b)

ds* R (X+Z)18%° Do z

MagNet code. The electric field at four gaps of the
resonators in opposite valleys was described by

expg — x°
202

with g = 04W + 02H whereH is height of the dee and
is the gap between the dee and the ground electvdde
have solved the coupled differential equations&®ng
the accelerated orbits of protons. The radial amdioal

betatron tuneg/, and VV, were extracted from the data of

the magnetic field [4]. The vertical electric fooug at the
gaps was determined using the first order theorg an
included in the vertical tune (see Fig. 2).
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1.2 Fig. 3 shows the results of horizontal and vertlmeam
envelopes tracking along the accelerated orbit$oupl
09 - turns starting from injection radius of 7 cm. Wen csee
from Fig. 3(a) that at low beam intensity with nietd
@ 06 initial condition the average amplitude of the beam
E envelope is limited to 2 mm in both planes. As lleam
5 03r / current increases the transverse space charge kffets
£ - ! to increase in the beam size and produces envelope
g 0.0 ,’ electrical os_cillations. Fig._3(b) and_ _3(c) show the_z be_am opes
oo with the same initial conditions as used in Fig)36r the
03} ," injected beam current of 2 mA and 5 mA respectivily
: is clear that these initial conditions are not lasaitable
N R T — for injection. We observed large envelope oscilagi in
0 10 20 0 40 50 60 the horizontal plane compared to that in the vatitane.

Orbit radius (cm) A detailed investigation reveals that amplitude vgio
and oscillation in the horizontal beam envelope/esy
sensitive to the radial betatron tune The contributions
from ellipse orientation, inter plane coupling asphce
charge effects are very small on these oscillatighs

Figure 2: Betatron tunes as a function of orbitiusd
Dashed curves represent the contribution to théicedr
betatron tunes from the electrical and magnetiageing.

o P T P slight change irv, reduces the amplitude growth as well
é sl o as oscillation by large amount as shown in Fig.) 3(d
TR o wherey;isincreased by a factor of 1.2 at all radii. We feel
= ol that this phenomenon is due to the fact thavery close
E kv\N\NV\Nv\ANVW\.rVWVWW\fWVm _
E3 to the resonance;, = 1. We observed the same result
P i o e e ey s g o o o e o e ey when the value ofv; is reduced below one. It is not
= |t (b} /=2 mA possible to change the profile of as desired in an
E 3 WMWNWWMVWVWWVVV\NV\N\NWVV isochronous cyclotron because it follows the peofif
a 0 relativistic termy as the energy of the beam increases.
£ . WVMAMMAMAANAANANANANNAANAANS This value remains close to unity at inner radiievéhthe
i i beam energy is not sufficiently relativistic. Thesbway

6 Ty to control the beam envelope oscillations and e
E ) nq'|| ||| || I "|"'|'"'|||f y AR \ f FI” growth is then to optimize the initial beam paraenet.e.
o MWU‘ M I || 'q' WY I|'I| |||' ~(Hl"n U |Hf |"U. Lﬁ emittance and orientation of the phase ellipse.
* i) ! Il ! 'I Fig. 3(e) shows the optimized beam envelope with
€. II“ N AVVVAVIVAVIVAVAVAVAVAVAV, different initial conditions. We can see that imstcase
g there is a considerable reduction in the beam isizee
=B | — radial direction as well as in the amplitude ostitin
el B =5 A, ¥, Sealg frequency. The maximum envelope radius in bothgdan
o T is less than 4 mm fdr= 5 mA, which is much less than
0 the chosen maximum height of the dee from the nmedia
E . H '|'."."|'L'-|"U‘ AMANNNNANAANNANANNN plane which is equal to 15 mm. Our first order
. i calculations show that it is possible to controhB beam
6 e —— '.,n']f'::'lm'd'o"}[h'v_'ed' current in the present design of the cyclotron. eHere
E . LA i have presented the preliminary results of our stusly
x m"u'u“u"mmm\l\ﬂ,,'ﬁ'q' VWYY MWW more detailed analysis to dig out the physics khie
0 envelope oscillations is in progress.
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