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ABSTRACT 
;· 
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Following the lead of Rahm at the Brookhaven Cosmotron, a group 

at the Berkeley Bevatron constructed a rapid beam ejector to prodUce the 

brief tyU.lees of pa.rticle~s required for optimum bubble chamber photographs. 

Energy stored la a capacitor bank ie trao.sferred' to an air-core magnet 

surrounding the proton beam o£ the Bevatron. The protons are displaced 

from their normal orbit and strike a suitably located target; particles 

b·om this target can then e.merge from the Bevatron. A capacitor bank of 

120 .U stores 13,500 joules at 15,000 volte. Two iga.ttrons in parallel 

connect the capacitor to the magnet. The magnet curreat rises to sz. 000 

amperes io. 55 microsecoa.c:is; at peak current a resistor is connected in 

parallel to damp the current dec~y.. 
. . ~ ~ 
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The Bevatron and Cosmotron., which are proton. synchrotron.&. do not 

eject protons directly. External beams are obtained from targets inside 

the accelerating chamber by scattering or from other interactions o! the 

internal beam with these targets. 1 

With the Bevatron or Cosmotron, the shortest duration beam normally 

obtainable was about 1 millisecond. 'Ibis is rather long for uee with a 

bubble chamber. since there is only a very brief period during which optimum 

tracks can be produced. In 1956 David R.ahm at Brookhaven directed the 

development of the Cosmotron rapid beam ejector in order to .obtain a 
. z '··.:;,"'' 

pulsed beam of about 3 microaecotlds duration. Following the lead IOf::i>. 

Ra~hm, Glen Lambertson of the University of California's Lawrence Radiation 

Laboratory .directed the .construction. of a similar system for use with the 

Bevatron. 

The key component in the rapid beam ejector system ie the two-turn 

air-core magnet surrounding the normal posltion o{ the high-energy proton 

beam; This magnet ie energized by discharging a large capacitor bank 

through its windings. The resultant magnetic field causes the protons to 

shift from the normal orbit to a new orbit which is roughly eccentric to the 

normal orbit. A suitably located targ;et can. be hit by the protons in the die­

placed orbit and can scatter particles during the upper part, or parte, o! 

. the magnet current pulse. 

The Bevatron beam kicker differs from the Coemotron system in 

several respects. The higher proton energy and larger size of the Bevatron 

16"d: to a larger air core magnet with more magnetic field energy. .At the 

Cosmotron the capacitor bank i&:~ switched to the magnet through a three .. 

electrode spark gap, while the Bevatron system switches with ignitrons. 

The current pulse of the Coam ~nn1 system is an oscillatory discharge 

damped by circuit losses. The Bevatron puhe is a single, unidirectional 

pulse which is produced by switching a damping resistor in parallel with the 

magnet when peak current is reached. Another unique !eature of the Bevatron 
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system is the compensation of the accelerating :;, ,radicfrequency to keep it 

. in synchronism with the perturbed orbital frequency. 

A eimplified equivalent circuit and pulse forms are shown in the first 

slide. The impedance of the transmission line and load is predominantly 

inductive and is represented by L in the equivalent circuit. Energy stored 

in the capacitor C is transferred to the inductance L when S-1 is closed. 

At peak m~gnet current (zero voltage). S- Z i8 closed, connecting the critical 

damping resistance in parallel with the magnet .. and capacitors. Note that! 

the currents in S-1., L, s .. .a, aDd Rare ·unidirectional, and that virtually all 
. t . . 

of the original stored energy is transferred to the inductive load. 

In this simplified circuit the switches S-1 and S-Z c:orreepond to 

. tY.P~- SSSS ignitrons. Isnltrons of this type are manufactured pi'imarily for 

power-rectifier and resil!ltance-welding service and arc rated by their/~~-nu­

facturers for ~hose applications. However, they have been used successfully 

. at UCR.L and other laboratories i':l high-current, high-voltage, capacito·r­

discba.rge circuits. The second slide compares the manufacturer's normal 

ratings to the actual usage involving th0 beam kicker. At the present time 

the puh~-counter register on the Bevatron beam kicker stands at -7 ZO, 000. 

During each pulae the lgnitrons have coa~ucted betweea 15,000 and 26,000 

amp -peak curre~t. In spite of this heavy load, non~ of the ignitrons has 

failed, and we hope for a million or more pulees·wi.thout failure. 

The next slide shows the important circuit elements of o11e. section 

of the puleer, which is made up of two parallel sections. Each of the two 

capac:itor banks has sixty individual capacitors, each capac:itor being rated 

at 1 tJ.f, ZS kv. The capacito:riS are connected in parallel ln twelve groups 

of five each, and each 5-JJ.i group is t!onnected to one ao.:.t4/U cable through 

a high-voltage £use.3 'fhe far end of the twelve cables are connected in 

parallel in the adjacent ignitron" cubicle. 

A *:•undard Bevatron trigger pulse 11 of 10-1.1sec duration triggers a 

type-ZOSO thyratron, whic:h discharges a capacitor through a traruaformer. 

The pulse output is connected to the grid of a SCZZ hydrogeo thyratron. 

The SC2Z discharges a 0.15-¢ capacitor through two high-voltage isolation 

transformers, ._applying poeitive pulses to the igniters of the two type-5555 

ignitron.s. which are designated as V- 1. 

Peak magnet current is reached when ·the electrical energy that was 

initially &to red. in the capacitor banks has been transferred to the inductive 
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load. The capacitor voltage passes through zero, and the magnitude of the 

negative voltag-e increases ae energy is transferred ba,ck to the capacitor. 

\\~ben the reversed voltage magnitude reaches a few volts, the type-575A 

mercury diode, desianated V- 3, conducts cUJ'rent through the igniter of 
~ 

V-2. If the initial capacitor-bank voltage, v0, was between Sand 15 kv. 

V- 2 will fire approximately 10 to 5 !J.&&c after zero voltage. After V -2. fires, 

the voltage applied to V·l aradits series resistor is the tube voltage of V-2. 

and the igniter-circuit current drops to a low value. 

A dam. ping resistor is connected in parallel with the inductive magnet 

load when V- 2. fires. Each damping resistor has a resistaoce slightly less 

than the critical value. These resistors are coaxial asuembUes of nichrome 

ribbon supported inside copper tubes. The ribbons are bent into a 
I 

sinuous shape, which reduces the distance b~tween th~,.~nds ·to one-half the 

extended len.gth. 'l'he sinuous shape permits the ribbon to absorb the suddeu 

pulee (6000 joules) aod the corresponding ~ermal-expansion impact without 

excessive mechanical stress. The inductance of the resistors is tolerable 

in this application ·- the time- constant is less than 10 iJ.&ec and does not 

significantly modify the idealized behavioio of the puller. 

Each pulser diecharges into a bundle of six parallel R0-14/U cah,es. 

These buudle s of cab:.,s !rom the separate puleers are brought tog ethel at 
' ,;>· ' 

the fault inductor. 'l'he fault inductor h a multilayer c~il of twelve R0-14/U 

ca.blea ir1 parallel. and is actually a continuous link in the transmission line. 

·Jt:a fault occurs between the line or load and the tangent tank or the conduit 

beyond the fault inductor, the total multilayer inductance of about 40 tJh is 

effective in limiting the fault current. Before fault current can rise to a 
-~ ' ' 

significant magnit\ia~. the nor~al curreot circuit will have discharged the 

capacitors. 
·~ 

In the final slide we see a photograph of the two-turn air-core me.gl\et. 

This photograph was taken 'Wtaile the outside cover plate of the Bevatron's 
'') 

south tangent tank was off. The m,~gnet is constructed of l-in ... diameter 

copper tubing. It le 96 in. long, lei ii4:/ Z in. wide, and the upper and lower 

coils are spaced 13-1/Z in. u.;art. 'fhe two coil~ are connected in series. 

'I'he computed magnitude of the field in the center of the aperture is 1170 

gauss at 52,000 ampere e. The inductance is approxima.tely 7 j.ih. 
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When the beam-kicker magnet is energized, the BevatroQ proton orbit 

is displaced in such a way that the new path is shorter than normal. If the 

Bevatron accelerating radiofrequency is not increased to compensate for the 

ohorter path, the phase error accumulates until the protons lose synchronism 

and are no longer accelerated. However. if the raciiofrequency is temporarily 

increased so that it matches the perturbed-orbit frequency, the beam can be 

returned to its normal orbit with moat of the origiftal protons in phase with 

the accelerating voltage. 'fhe mie.sing protons include those purposely 

striking the tuget and those lost because of imperfect comper&sa.tion. The 

recovered protons can be used in add'i:.tional experiments and will oot appear 

as undesired background within the a..cceptan.ce time of the experimental system. 

The phase error per tUI"n is very aearly proportional to the deflection, 

which in turn is proportional to the magnet strength. Because the magnet 

strength is proportional to the current, a current signal ie suitable for 

modulating the t;radlc!requency. 

The Bevatron master oscillator uses a Colpitts circuit with semilixed 
' 

capacitors. The accelerator-cycle starting f1'equeoey is controlled by ad-

justing the capacitance, and the frequency-modulation during·ac:celeration is 

achieved. by varying the control current in saturable inductors. The frequency 

:respou.ee of the saturable htductore is inadequate for the fast beami;lldcker 

pulse, and it wae expedient to install a voltage-responsive variable capacitor. 

The capacitor used io a paralleled group of &ilioon. p·n junctions. Although 

the capacitance varies approximately as th& equare root of the applied voltage. 

it is possible to get satisfactorily lineal' response over the required range 

because the necessary frequency change is small (about 0.3%). 

A voltage proportional to the magnet current is obtained by integratiog 

the output of a mutual inductor. The voltage modulates the p- n junction bias 

about 1 v through a circuit that includes a lOO .. ohm, 100-kc audio transformer. 

Wnen the beam-kicker is pulsed at IS kv with no target and no radio­

frequency compensation, non.e of the proton beam conti~ues to accelerate. 

When ~adiofrequency compensation is ul!ed, as much as' 90% of the proton beam 

survives the maximum beam-kicker pulse. 1ft some experiments the lost 

pl'otons appear ae objectionable background. and it will probably become de­

sirable to increase the survival percentage. 
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Fig. 4 . 
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