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PEELER EXTI.ACTION OJ' A SYNCH.ROCYCLOTl\ON BEAM* 

Rodolfo J. Slobodrian t 

Radiation Lalaoratol'y' 
Unlvereity -01. Caltfornla 
Berkeley, California 

Augut 8, 1957 

A study of a perturbation ill the fringing magnetic field of a synchro• 

cyclotron was made using the computed unpertubed. orbtte of the modified 
1 . 

Berkeley 184-inch synchrocyclotl'on. Jnetead of a field increase, as is 

uaed conventionally in the nonUaea.r field region of a synchrocyclotron . . z • 
-~hie penur~tion-i• a field reduction. Only median-plane particles were. 
· ~onaldered, and the perturbation wu a 0 function of two variable•, the 

:racUal amplit\lde and the aaimuth ol. the particle to be extracted. The 

extraction ol the .beam with a field reduction function of the radius cmly 

was coaeidered prevlouly by Tuck and Teng in the linear fielcl region, 3 but 

it was discarded laeeauee it is not possible to show that the extraction can . . . 

~e pla.c:e in a finite number of tUI'fts. The same l8 valid for the nonlinear 
. ' . 
f~eld region.· 

The peel~~ extraction propoeed. here overcomes this limitation by 

using a perturbation that recedes with increaeing radial amplitude. This is 

ahown in Fig. 1, where r la the radial ampllt.u4e of oscUlation and tbe base 

line ia the eynchronov.8 orbit chosen tor the extraction. The recession 

te ~nea~ured. by the angle +• . aad it• clirecttcm l8 opposite ~the direction of 
-· . . . ' . ~ .· 

circulatiOn of the beam. Figure Z_Uluatrates a andtable pertUI'batlon choice 
·-

• Work done UDder the auspices of the U. S. Atomic Energy Commission. 

t Vlait~r from the Atomic Energy Commiaaicm of Argentina. 

1 Thea~ were obtained by W. F. Stubbins by numerical eolution of Lorentz 

equations with a digital computer. 
z ' 
K~ J. LeConteur and s. Ll~on, Phil. Mag.~. 1Z65 (1955); 

Warren F. Stubbins, Extrac:tion of Synchrocyc:lotron Beams Near the 

Maximum Energy, UCRL-3476, July 1956. 
) ... 

J. L. Tuck aod L. C. Teng, Institute of Nuclear Studies, 170·1n. Synchro-

cyclotr·on Pi'ogreas .Report Ill. University of Chicago, 1950. 
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for the Berkeley machine. The receeaion h 15° per inch of radial 

~mplitude. 

An extracted puticle orbit is ahown ia Fig. 1. A auccesaful en-

counter of t~e perturlHtd field can be defined aa one that results in a 

· · gatn of radial oscillation amplitude. With a pertubation function of radiua 

··only, a pUtlcle can encouilter the pertvbed fiel4 at any radial amplitude 

·and coneeq\lently at any radial velocity. The recession implies that the 

encounter can take place at any radial amplitude when the radial velocity 

18 pointing away from th~ centeao ot the machine, but instead it can take 

place in a radial-velocity range 0 to tlimit < t maximum when it is pointing 

·toward• the center of the macbiDe. It ia obvious that the recession + 
determines ~Um.it for every orbit. Aa the perturbation is a lleld reduction, 

the change ln radial velocity Ai- points away from the center of the machine. 

TlW cOndition for a aucceaaful encounter ie lrlinall = lrinitial + Ai-l>rlnitial(A), 
where ;.initial and. rfinal are respecth:ely the radial velocity before and 

&iter the eacounter. The case of interest is precisely the one where rinitial 

~ Air ba'!'e opposite· sign. Tile receaeicm of ·the pel"turbation excludes for 

patUclea of large oscUlation amplitudes the famUy ot "unsuccessful" 

encounters, the c:mea that 4o" not aatisfy condition (A) and would therefore 
.. ,•. 

reduce the oscillation amplitude. This recession is a way of adequately 

phaslDg the pertv.l'batiOn. in ordei' .to exclw!e encountera when the radial velocity 

r .. poiri~~~~~~(l· the center of the machine and is such that rum it< r < r max.. 
Figure ) illustrates a property that can be called contraction of the 

"Do4al segment•·; uut ia a elf -explanatory. Several orbits were considered 

with different initial conditions. · 1'01" small amplitudes (0.1 to O.Z in.). it 

takes some 15 to ZO turns to complete the extraction, with 4 to 5 passages 

throu1~ the perturbation. The action ia such that only particles with a 

particular set of. initial conditioue a:te extracted. The ones that do not belong 

to that set keep circulating \Ultil they faU blto it (phasing property). 

A fulll'eport will be published in the future. lt ls a pleasure to thank 

Dr. W. i'. Stubbins for introductns me to the extraction problems. 

"The odd shape is a consequence oi. the fact tllat the freedom in the choice 

of the penur'bed fielci ia reduced by the requirement that the beam pas a 

through an exi1tina steering magnet. 

) 



/ .. 

• : ~: •.. _ .... f .; ' 

\. . 

-4- UCRL-3734 Rev 

Flgure Legends 

Fig. 1. Example ot particle extraction by the proposed procedure. 

l"tg. z. Perturbation shape for the Berkeley 184-inch synchl'ocylotron. 

Fig. 3. Contraction of a nodal segment. 
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