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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



'. 

'1'0 be presented. at Sixth Int~rnational 
Con1\!renCe on High i"!:nergy Accelerators, 
CnIDuI'i<lge, Massa.chusetts, Sept. 11-15, 
1961· 

UNIVERSITY OF CALIFORNIA 

Lawrence RruliFl.t1.on Laboratory 
Berkeley, California 

AEC contract No. W-7405-eng.:.48 

RESONANT EXTRACTION STUDI8S FOR THE BEVATRON 

Yves M. Baconnier and Glen R. Lambertson 

September 8, 1967 

UCRTr-17604 
Preprint 



'ro bl) pl,'eaented at Si,xth 11lterl)A.tiono.l 
Conference on H:tgh Energy Accelerators, 
Cambridge ,. Massachusetts, Sept. 11-15, 
1961. 

RESONANT EXTRACTION STUDIES FOR THE BEVATRON 

Yves M. Baconnier and Glen R. Lambertson 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

June 1, 1961 

ABSTRACT 

ucm:r-17604 

An extraction system employing betatron resonance at v
R 

= 2/3 has 

been studied for the Bevatron. A single perturbing magnet coincident 

in azimuth with the first septum will be used. The usable growth rate 

of the radial amplitude is limited by vertical growth through the 

coupling at 2vz - v
R 

= 1. This limitation, together with the general 

behavior of the beam, was first studied through a linear theory then 

checked by computer calculations. An energy 108s target may be used 

in combination with the resonance process to aid in jumping the first 

septwn. A trial system is installed in the 'Bevatron and results of tests 

will be reported. 
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A more efficient extraction system for the Bevatron is desired 

in order to reduce irradiation of the accelerator and to provide more beam 

for experiments. The v-value of 2/3 occurs at a convenient radius in the 

aperture and we have started the development of a resonant extraction system 

employing that resonance. 

THE PERTURBATION 

The extraction system studied has a local perturbation magnet introduced 

on the plunging mechanism carrying the first magnet of the existing energy-

loss extraction system. The C-shaped magnet has three windings: (1) a 

septum winding 1 cm wide; (2) gradient windings to produce a rising field 

at the inner-radius side Ol' the circulating beam; and (3) a small bump coil 

to control the region of stable betatron motion. The fields of the latter 

two coils are shown in Fig. L .Note that with the closed-orbit placed in 

the region of the bump, the . linearly-rising field that produces the growth 

of betatron amplitude is confined to one side of the orbit. 

CALCULATIONS 

This asymmetric perturbation with a linearly-rising region permits a 

simple linear calculation of the betatron motion of particles that pass 

through that region once each three turns. Assuming that particles are 

in unperturbed field two of the three passes, the motion is that of a 

three-turn trajectory with betatron frequency 3v perturbed by a ,single 

quadrupole. The quadrupole strength is characterized by a constant r 

def!.ned by 

= 
dx' 
dx 
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where f3 is the radial betatron function and dx' /d:x ia the angular deflection 
x 

per unit displaeement produced by the perturbation. For a given unperturbed 

closed orbH posltion and deviation from resonance 6v = v - 2/3, a three-

turn orblt through the u.nstable fixed point is defined and the motion about 

that orbit is linear. 'l1J:le tro,nsforrnation for three-turns is: 

( x cosh IJ. f3 p sinh IJ. \ x \ 
I c: 

\ f3R 
1 

sinh IJ. cosh IJ. f3R x x -
f3 p 

n+3 n 

where 

cosh IJ. '= cos 6 7( v
R 

+rsin 6 7( v
R 

f3 p sinh IJ. sin 6 7( vR 

Using this model, the growth of radial diaplacement from' the fixed point 

at the perturbation may be calculated and this is plotted for negative 6v 

in Fig. 2. 

The three-turn linear model is not applicable if the particle passes 

twice through the perturbation in three turns. When this occurs, the 

resonant exponential growth is arrested and reverses at a finite amplitude. 

The limiting conditions beyond which this takes place may be calculated 

from the slope of the asymptotes of the linear motion about the unstable 

fixed point; that limit is shown in Fig. 2 and it restricts the usable 

conditions for extraction. 

To study this limiting behavior and other non-linear effects we used 

a computer program having the actual perturbing-field shape. In the usable 

region of Fig. 2 this produced typical phase diagrams such as that in Fig. 3. 

An example of the arrested growth outside the usable region is shown in Fig. 4. 
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For v greater than 2/3 this limit~tion on growfurate is less severe 

and at first sight extraction with positive 6.v seemed more attractive than· 

the negatlve side of resonance. In this case in the Bevatron, however, a 

serious interference i~ introduced by the non-linear coupling resonance at 

2V
Z 

- v
R 

= 1. This non-linear coupling also was analyzed using the three-

turn linear model. With the radial motion in resonance at v = 2/3, the 
R 

coupling.resonance occurs when the vertical motion is near 2-1/2 oscillations 

per three turns. In this case the width of the stopband and the vertical 

growth rate may be calculated from the quadrupole strength r of the perturbation. 

The occurrence of this resonance has been checked by the computer program and 

confinned later by experiments in the Bevatron where vertical blow-up of the 

beam occurred during the radial resonance with 6.v > O. 

SPILLOUT CONTROL 

A small time-progrannned bump was Hdded to the perturbation near the 

stable closed orbit in order to control the advance of the· unstable fixed 

point into the Circulating beam during spillout without altering the large-

amplitude trajectories near the extraction septum. In the Bevatron it is 

particularly important to keep the closed orbit stationary during spillout 

because of a significant radial variation of v-value. It is also expected 

that this control of the apillout will be useful to suppress unwanted time-

variation and ripple modulation in the extracted beam. 
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AUXILIARY ENERGY-LOSS TARGET 

The probability of 'only marginally adequate radial grmrth per three 

turns may be partially offset by using a thin energy-loss target to .intercept 

particles that would strike the septum. This target would be located one-

half oscillation upstream and on the side opposite the septum. To assure 

that particles of all momenta are deflected beyond the septum, the thickness 

of this target must absorb a momentum ~t equal to the momentum spread of 
, , 

the beam APb plus that needed to deflect the particles across the septum 

wldth w. 

The target may be tapered radially to provide e.n appropriately smaller 

energy-loss to incident particles of larger amplitudes. 

FIRST EXPERIMENTS 

The test perturbation and septum magnet has been installed in the 

Bevatron and resonant growth with v :::: 2/3 - 0.02 has been produced. A 

gold foil irradiated a.t the first septum has indicated that all the beam 

grows to a 5-inch amplitude and has a jump per turee turns of about 3/4 

inch. These.results are in satisfactory agreement with our calculations. 

Therefore, we are encouraged to continue work on this system as a feasible 

improvement· of the Bevatron beam extraction. 
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Magnetic Pertu rbat ion 
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Radial Growth Rate in Three-Turn Linear Model 
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Coordinates of Particles on Successive Turns 
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Coordinates of PartiCles on Successive Turns 
Showing Arrested Growth of Amplitude 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1SS10n, nor any person acting on behalf of the Commission: 

A. Makes any wa~ranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabiliti.es with respect to the use of, 
or for damages resulting from the use of any infor

mation, apparat~s, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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