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Several types of ion sources have been designed for use on parO-
cle accelerators, and considerable effort has been devoted to attaining 
large beam currents. Somewhat less work has been done in the din~ction 
of reducing the beam divergence or of minimizing the effects of space 
charge. Since the latter effects are greatest in the region of low beam 
velocity, and since the emittance properties are established at the source, 
the present work is aimed at making some improvements in these two 
respects, without sacrificing intensity. 

Historically, the first concepts were stimulated by a diSctlss.ior~ of 
an electron gun for an electron microscope by A. V. Crewe, and the re-­
sults are applicable to electrons as well as ions, except in different 
methods of production. Moreover, while the present design is based on 
the use of an rf excitation of a plasma, one might possibly adapt other 
methods of plasma production aEd extractior: to achiE,'/e simiLar resu~ts. 

The general arrangement of the so';r ce is simply that of a hollow 
donut-shaped cavity excitf:d by an rf power source as 5hown in FJ_g. L 
Ions are extracted from the cavity by means of a de field appliE'd across 
a diameter between A and C, and the ions must traverse a narrow char~rel 
or slit arrangement which restricts their di'lergence angle. SiEC2 lh~c~ sLtt 
extends an the way around thl'~ circuLar l··"ngth of the donut, r.he area of 
exi-.r'act.ion may be Jarge even though theil,-:dth w is made smaH, thus per·­
miliing almost arbitrarily large beam extraction. 

ThE' beam exit direction may be orLeni;ed at any arb:trary angle 
which may be chosen to be compatible with some focusing 8r:i d ar'celerating 
system. 

First we look at the case of cp:o. IT /2 in which case the central 
rays froIn all points around the circmnference of the circular slit are 
emitted parallel to the axis of symmetry. Thf' r~oncentra] rays will ha\e 
maximum divergence angle 

where L is the length of the extraclion. channel. The area in phase spar c 

is 
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Let w = 0.010", J.= 1", r -. 7.5 cm. Then 

7.5xO.01-n- 75 -n- cm mrad 

at an extraction voltage of 20 or 30 kV which is typical for an rf source. 
This becomes about 12.5 -n- cm mrad at 750 keY or 15-n- em mrad at 500 
keV. The extraction area for this condition is 

S = 2-n- rw 

2-n- x7.5xO.025 

2 
1. 18 cm . 

Compare these numbers with the corresponding values for rf sources 
of the CERN type, where 

Ax '" 20 -n- cm mrad at 500 keY 

S 
2 2 

'" 7T' (0. 2) :: 0.125 em 

Now the gpometry of accelera~:ing tubes may not be compatible with a 
beam diameter as large as 15 em, so the dIameter may be chosen to 
sat.isfy Ihis limitation. Likewise one may wish to inject into the accel­
erating tube at some arbiLrary focusing angle. This may be done either 
by choosing the angle to meet the requirements, or, if this is not other­
wise compatible, by injectingiLf.o a sphe~'ical condenser cavity and deflect­
ing .it by means of the electrostatic fie}d in the cavity to form a hollow 
bearn of arhitrary diameter and conver'gence angle. 

The requirements for accomplishing this are as follows: The 
centra] ray from the slit musi; enter the spherical cavity at r ::; b tangent 
to a hyperbolic path shown in Fig. 2 and described by the relatwn 

. . -----"" Jr-- ab ))2 2 _, f~_ y~ ab 
1 v' ~ ~ + 4 R._ ~'e~~a b~_ co~~- V~~=::.§=_ 

r - 2R 2 ['f +V -'~-J \e a b-a 

This is a solution of the equati.ons of motion :J:or a particle of mass m 
and charge e moving in a central force field: 
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m [ r - I' e2
] 

m[2rG+reJ 

~ 
2 

I' 

o 

The quantities in the traJectory equation are as follows: 

a -= radius of inner sphere 

b radius of condenser cavity 

R distance from center of sphere to asymptotic line toward 
which the hyperbola tends at infinity 

potential on inner sphere 

extraction voltage Nhich corresponds to Ue kinetic energy 
the particle must have as it enters the chamber, 1. e. , 

eVe 
, rb 

Qe +}..., -2-, 
(f) r 

dr 

The asymptotes are defined by 

tan f3 ~ •• ~~~~.~~,.~,i a j;~:.~-l 

'\T, \{. e i ~ e b' 

There are two benefits t.o be expected from using a hollow cylin­
drical or conical beam, viz 

1. SiEce space-charge f.:lfects are more nearly the same for all 
particles due to t.he r~ df::'pendel1 , e, the distortion of the phase 
space figure due to spacE charge will be minimized, and 

20 Since all particles traversing an axially symmetric lens will 
see essentially the same field configuration, lens aberrations 
should be miEimized, tJms reducing growth of phase space area 
from this cause. 

A number of problems need to be examined In connection with t.he 
rf source as described. Figure 3 shows a conceptual design for such a 
source together with a spherical copdenser lens system. The rf cavity 
wOlJld be driven in the TM010 mode from a wave gDide coupling through 
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an iriS into the cavity. For a cavity diameter of about 4 cm the frequency 
would be about 5000-6000 Mc/sec. Peak power requirements would be a 
few hundred watts. 

CURTIS: With respect to your concern about violating Liouville's theorem, 
should I understand from your nU.mbers that density in the region of phase 
space occupied by the particles has increased in the deflected beam over 
what it was in the converging ring of beam? 

PERRY: One is concentrating the beam iEto a smaller diameter in the 
deflected beam. One might expect from Liouville's theorem that the 
divergence angle would actually go up in the process. The divergence 
angle does go up but it apparently does not increase in proportion to the 
reduction of beam radius according to my simple calculations which I am 
pretty sure are questionable. 

LAPOSTOLLE: That worries me, and I also have some doubts about your 
estimated emittance. It is clear that, having a narrow slii, you can reduce 
very much the angle of divergence in the direction perpendicular to the sEL 
But in the direction paraDel to the slit the emittance can be very large. 
The two directions cannot be considel'ed independently in your bendirl.g 
i-'ystem and I think that this could explain the apparent disagreemect with 
Liouville! s theorem. 

PERRY: The extraction fie] d has no component in the parallel direction, 
so the component of velocity in this direction is only the thermal compor:.cn+., 
which would be small in comparison. 

LAPOSTOLLE: But there is no focusing in this direction from you t' de~ 
fleeting system. 

CUR-TIS: There would actually be divergence in this direction from the 
deflecting system. 

PERRY: Yes, this is true. I car:.not vouch for anything at present in 
terms of actual magnitude of emittance. 
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WAVE GUIDE-
PUMPING PORT\ 

FIG.3 EXTENDED RF ION SOURCf: 
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