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A HIGH-GURRENT CLOVERLEAF CYCLOTRON &7 -
FOR THE PRGDU CTION OF RADIOISOTGPES* : -
| - J. Reginald Richardson
- Departrnent of Physics
University of California
- Los A‘ng.elen, -California
T : b : and
e . R. L. Thornton
R Raﬁiatigm Lﬁb@ratory, Department of Physics

-University of California
Berkeley, Califm'ma

March 11, 19 55

 Abstract submitted as contribution to the
International Conferente on the Peaceful
‘Use of Atomi¢c Energy,. Geneva, Switzerland,
Auguat 8-20, 1955 |

In 19 38. Llawellyn H. Thomas prormsed a modiﬁcation of the cyclotron
desig,ned to alieviate the. mll-»kncwn limitation arising from the relativistic mass

increase, Themas ‘showed that it was possible tco design a field having an azi-

at:hal as well 25 a radial dependence, which would. aimultaneously permit a

_ : .c?p_nsf:a,nt period of regglutioa of the ion {taking its mass increase into account)
j-aép:_':wellfag'lthe ﬁé;:eé;sa;ry'axihl and radial stability. Leonard Schiff proposed
' "a_.min‘&ri 'mg&iﬁbattaﬁ of this field involving a threefold periodicity in the field
~ instead of the fourfold periodicity proposcd by Thomas. The latter suggestion’
: inéoi‘xr‘els‘ a field as a function of * and 8 of the form |

© B(r,8) = [1—%—1&( )cas 39%&( ) + higher terms| .

A is & constant which es_’s‘entia'ily determines the magnitude of the vertical focus-

g fu’rc’es'.-_ and B =1/2 -‘A'Z'/a. _ The appearance of pole faces machined to pro-

‘duca a field of this type has led to the bdes.ignation of this device as a "cloverieaf"

: ‘*This work was spénsored by the U. 5. Atomic Energy Commission.
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cyclotron in tﬁis laboratory., Edwin M. McMillan, inthis laboratory, has alse

- suggested field canfiguzﬂatium that can produc.‘é similar effects, and more recently,

Keith R. Symon and cthers of the Midwestern Universities Research Association
group have extensively investigated other possible arrangements.

| An experimental evaluation of a machine of the Thomas type, in the Schiff
modification, hag been made in this laboratory with electron models to simulate
the acceleration of deuteromns to an energy of 300 Mev. Higher-order approxi-
mations than those uged by Thomas were used in the field calculations and were

' ‘fodmim have significant influence at these energies. These successful model

tests demonstrated the basic soundnase of Thomas's idéas ﬁhat the desired field

 shapea ¢ould in practice be adequately achiaved and that e-sa‘entially the entire

ciréulating beam could be extracted in a wgable forn:. This pole configuration

lends itself naturally to the uge of three accelerating eclectrodes located in the

”valle&ai“' on the pole faces, thus leaving the full magnetic gap available for the
circul ating ions, The prac‘ticai'lty of 2 three-phase radiofrequency accelerating
systam using such i mnﬁguratimx has also been successfully demonsgtrated.

it thus is certain that a cyclotron of this type can be rezdily hullt to

" ac«:elerate deuterons to energies of the order of 100 Mev, or other particles

to A eimilar vatio of velucity to that of light. In view.of the LuCls of a threshold
energy gam per tu-rn {except that arising from imperfections in the magnetic .
field), beam currents of the order of one ma should be achievable without undue

'_&ifﬁéultv. ‘Buch a'machine would apparentiy have considerable utility for the

iarge*sca}e production of raéiaisetopes nbt readily available from reactors, as
a highdnteniity‘-neutron source for time-of-flight spcutroscopy, and other similar
ugesg, | ' | |

' Although there a_re' no imme;diai:emplans to construct a cyclotron of this

' type, some preliminary engineering studies have been made on a cyclotron to

produce large’ currents of protons at about 30 Mev energy. The magnetic field
would have a value at the pele center of 8, 800 cersteds, the final particl{. radius

'would be 36 inches. The magnetic field, defiried by the equation given earlier,

woulq have.mammum and minimum values of 13, 000 and 5, 300 oersteds, and
the corresponding pole separations would be 12 and 47 inches, with a central

‘ '_ value of 19 inches. The magnet power would approximate 150 kw and the steel

and copper would be about 700 and 30 tons, ‘respectively. A three-phase accel-

erating system using three electrodes 60° wide located in the pole "valleys"
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"‘_ irpuld require ;aboﬁt 30 kw of radiofrequency power to excite to a voltage of 100
kv ﬁegk'a_t 13.5 megacycles/sec. To this, of course, would have to be added
s the. Tﬁower'in thé ion beam. This 'conatructi-on‘permi-ts 2 clear beam height of
mm’e than 10 inches, which coinpare.s very favorably with the minimum magnet

- gap of 12 inches.
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