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ABSTRACT 

An ion source with dee extensions is proposed for the 184-inch synchro-

cyclotron. An analysis of the source was made On a differential analyzer using 

electrolytic tank measurements to obtain electric field inputs. Protons can be 

accelerated from the source into orbits of little radial oscillation using the close 

spacings proposed and 20 kilovoltsrf on the driven dee. The source is suitable 

for heavier particles. 
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AN ION SOURCE FOR THE 184-INCH SYNCHROCYCLOTRON 

Warren Fenton Stubbins 

Radiation Laboratory, Department of Physics, 
University of California, Berkeley, California 

Janaury 23, 1953 

INTRODUCTION 

An enclosed ion source is proposed for the 184-inch srnchrocyclotron. 

The source design is based on the experience at this laboratory and Oak Ridge 

National Laboratory with enclosed sources placed adjacent to the dee edge but 

not at dee potential. The performance of the proposed source has been calculated 

using the differential analyzer and electrolytic tank measurements. The operating 

conditions have also been determined and the length of particle acceptance in a 

rf cycle estimateth 

The source, described below, is of the tipigit  type mounted near dee 

extensions which raise the field gradients at the source so that ions being 

accepted gain sufficient energy in the first turn to miss the source structure. 

These ions are well centered with limited radial oscillations and are given 

further accelerations until they pass out of the regions of the source and dee 

etensions to the regular dee configuration. The dee extensions are about four 

inches in radial extent. 

The installation and operation of this source in the 184-inch synchrocyclotron 

will determine its suitability for use in the modified 184-inch synchrocyclotron 

and possibly improve the beam from the machine in its present form. It is not 

known that the large radial oscillation in the present beam is due entirely or 

even in large measure to the present source, but the properly centered starting 

beam will eliminate contributions of the source to the iadial oscillations. 

PRESENT OPERATION 

In the present 184-inch cyclotron (maximum proton energy 340 Mev) the 

ions are formed by an arc discharge in the region of a gas leak which creates 

an ion cloud in the central region of the cyclotron. The ions accepted into 

stable orbits and accelerated come from this cloud, but their initial positions 

and the earliest part of their paths of acceleration are unknown. The efficiency 
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of particle capture and the amount of radial oscillation, caused by their initial 

positions is unknown, but it is believed that this source fundamentally limits 

the cyclotron operation. 

An approximate calculation shows that the diameter of the first turn in 

the orbit, neglecting the effect of the plasma, is only about 3/8 inch and actually 

must be considerably less. The particles also experience a bias field., whicl is 

placed on the dee to sweep out electrons so that the oscillator may break into 

oscillation. The bias field causes ions in the presence of the magnetic field 

to drift parallel to the dee edge. The bias is 1. 7 kv from dee to ground. 

It seems the result of these circumstances is a greatly increased radial 

displacement which contributes to the large radial oscillation observed in the 

machine and a low capture efficiency. The optimum beam intensity is obtaine4 

by displacing the source 2 3/4 in x 3/4 in from the center and closer to the 

dummy dee. The ion cloud is estimated to be 2 to 3 inches in diameter. 

DESCRIPTION OF THE SOURCE 

The source proposed for use in the present 184-inch synchrocyclotron 

consists of an enclosed 'pig" type source, dee extensions, and vertical bars 

to increase the field at the median plane in the region where particles are 

drawn out of the source and experience their initial acceleration. The arrange-

ment is shown in Fig 1 The source and dummy dee extension behind it are 

grounded. 

This geometry ws proposed by Louis Wouters on the basis of observations 

at Oak Ridge National Laboratory and experience here,- 

The spacings across which the dee voltage appears are quite small, 

1/2 in., across dee extensions, and result in a large gradient. For example, 

voltages of 40 kilovolts rf have been used at this laboratory with spacings of 

1/8 inch.. normal to the magnetic field without excessive sparking. These 

suggest usable radiofrequency, field gradients as high as 300 kilovolts per 

inch across strong magnetic fields. 

The source was modeled in an electrolytic tank at a scale of five. The 

potentials in the region near the dee extensions were measured and the effect 

of the dee structures and grcund plane was neglected.. They were not modeled 

since the nearest dee element was 2 1/2 times the distance between the dee 

extension and median plane. The contribution of the dee and the ground plane 

in the volume shielded by the source and dee extensions is certainly very small. 
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The source tube is 1/4 in. in diameter and the pins are 1/8 in. in diameter. 

Figures 2, 3, and 4 are to scale. 

ANALYSIS OF SOURCE OPERATION 

The force on charged particles in electric and magnetic fields is given 

by the Lorentz equation 

- I-4 l- -'4
F=e 	E' 	VxH. 

which may be equated to the change in momentum of the particle. For a 

particle in the center of a cyclotron, the motion may best be analyzed by the 

component equations in cylindrical coordinates. The equations become 

dr 2 	fdG\2 	e 	dO 
m 	* mr ( j = eE - - r H 

dt2 	
r C 	Z at 

d2 9 	fdr\/dO\ 	e 	dr 
mr  -a- + Zm-)(d-) = eE 8  + - HMT 

dt 

d29 	 e 	d 
m 	= eE + - rH 2 	Z 	C 	rat 

dt 

where the magnetic field is given.by H = (Hr O H). 

For the purpose of determining the orbits of particles from a source, the 

first two equations give the motion of interest. The axial motion of the particle 

is not considered. Note also that at the energies of interest, i. e., starting 

energies up to one Mev, the relativistic mass considerations do not enter. 

The problem of vertical stability is important in the starting of particles. 

In the case of this source and dee extensions, the vertical oscillation amplitude 

is limited by the extensions and the favorable velocity focusing is important. 

In.addition, the presence of magnetic cones at the center of the cyclotron pole 

faces add what magnetic focusing may be useful to particles of these low 	- 

locities. The vertical elements in the source reduce the vertical thrusts 

given to the particles. As the dee extensions end the dee height is much 

greater and the acceptance of particles with axial oscillations is increased 
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The ecpiations are reduced tothe form 

d 
.2 	

d 2 
	cE 

r 	(\ 	.r 	dO 
- 	

-•.) 	. JH  r.  

d2 9 	2 (drvd9 	
cE9 	1 dr 

_rH 

where 4) = ct and w is the resonance frequencyof the particles at the c.enter 

	

magnetic field and is given' by w =eH 
	 r is the radial distance from the center 

to the particle, e is the angular displacement of the particle from an arbitrary 

reference, E is the radIal electric field and E is the azimuthal electric field. 
r' 	 . 	Q 

The particle mass determines the value of c, for a given magnetic field, 

which in turn appears only in the terms involving the electric fields. For 

deuterons, w = 1/2 W and thus the analyzer trajectory for deuterons at a, 

given voltage is the trajectory computed for protons at twice that voltage. 

Of course, the alpha particle trajectory corresponds to that for deuterons. 

Similarly, tritons have trajectories at a given voltage corresponding to protons 

at three times that voltage. This is of interest when one considers the suit-

ability of the source for variou.s particles. 

The electric fields vary sinusoidally with time and depend on radial and 

azimuthal position. Thus 

E. =E (r,O,t) 
r 	r 

Ee = 'Ee(r, 0, t), 

The particles are started from rest at the source surface. As they move under 

the influence of the electric fields, their initial direction of motion is deter'-

mined. Particles with the same initial position did not necessarily have the 

same trajectories. As the particle trajectories arebeing generated, a slight 

departure of one from another leads the particle into a different circumstance 

and compounds the departure. 

The initial slightdifferences experienced by the particles are rooted in 

two causes: Firstly, the inaccuracies and zeroing errors in the differential 

analyzer; and secondly, the irreproducible tracking of the inputs by the 
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operators. These add realisthto".'thesolütionS since they simulate thermal 

and other perturbations actually experienced by the particles. 

Injection of partide'ä at 100 volts was triedlbutdid.cnot. substantially 

imprOve their acceptance. '' ' 	 . 	 '• 	 '' 	 : 	 :. 

Trajectories 1  3 and 4 in lFigur"e 4. have the. same initial position, ';.ye.t vary 

in trajectory,' while '.:traj'ectbries land 2 of. Figure .3 have not departed appreci-

ably in the first 250 degrees.  

The.. initial posiio.. was. itself very important.in determining trajectories 

and a search for suitable positions was made.. The position.s used corresponded 

to points on the surface of the source. .'Al.so, two source positions were in-

ve' s tigated:as seen lirFig; :2 with separate electrolytic tank data requ.ir4 for 

each position. 

Thphase Of'the radiofrequehcy during which particles we.e I ac1cpted 

is of interest and may be learned from analysis of the results.. The phase. 

angle for particles to be accepted was found. The low velocity .oftheparticles 

during the initial part of their trajectories causes them to lose phase as the 

radiofrequency voltage is driven, at a. constant rate. Soon the accepted particls 

are captured into a reaonab1y constant phase. 

Figàre 3 shows the acceptance phase angle to extend fr:om• 75
0  to about 

105
0  or about 30

6  for the source poCition Mand an applied voltage. 1.6.8 

Similar values may be expected for source position I and 19. 6 kv.. 

The criterion for a particle's being considered accepted is that the 

particle miss the source structures and be in an accelerating phase after one 

turn. Trajectory 5 in Fig. 2 and trajectories 3, 4, and 5 in Figure 3 are judged 

as belonging to accepted particles. 

The trajectory dependence on applied voltage was investigated and the 

results are seen in Fig. 4. An increase in voltage from 14 kv to 19. 6 kit leads 

to acceptable particles .other conditions being the same. 

Because of the increase in proton acceptance with increased voltage, it 

appears that this source will be suitable for deuterons and alpha particles. 

Trajectories in Figures 2, 3, and 4 were selected from the many in-

vestigated as illustrating the points of interest. 
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CONCLUSIONS 

It may be concluded that a source of this type will be successful on the 

184-inch syncbrocyclotron if the dee voltage is about 20 kv during the interval 

(about 200sèc) protons are accepted into synchronous orbits. 

Source position I. is suitable at 20 kv both from the potential gradients 

and particle acceptance standpoints. 

• The exitl slit in the source tube must either be made wide or the source 

mUSt be adjustable on its own axis to.maximize the particle current. 

The optinumphase aug14, as well as the phase acceptance length, de-

pends upon thevóltage with the acceptance length increasing with increasing 

voltage. 
It is believed the bias field on the dee should be depressed during the 

acceptance of particles into synchronous orbits. 

The source is suitable for deuterons, tritons and alpha particles. 
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Fig. 1 
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6 CASE KS p 

60 	E 	14 0.9 

6O 	14 1.0 

60 	IS 	14 1.27 

60 	S 	14 1.425 

60 	I 	14 1.385 

Fig. 2 
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i 	, 	CASE 	E' 

t 450 	5 	16.8 

2 600 	5 	16.8 

3 750 	5 	16.8 

4 900 	5 	16.6 

5 105 	5 	16.8 

MU-5038 

- 	Fig.3 
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U 	CASE KS 

t 60 	C1.4 

U 60 	I 	t6. 

3 60 

4 60 	C CS. 

Fig. 4 




