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FIRST LARGE SYNCHROTRON PLACED IN OPERATION

We We Salsig Jr.
W,

The fasteét particles yet produced in’the laboratory, electrons whirling
with 99.99999% of the velocity of lipght, have recently been realized in the University
of California's latest atom smasher, the 300,000,000 electron volt synchrotron! The
machine, which took three years to build, is the newest addition to the Atomic Energy
Cormission's expanding nuclear research progran. |

The synchrotron wes first proposed in 1945 by Professor f. Mo Molillen,
Independently, end slightly esarlier, Professor Vekslér of Russia had put forward the

same basic theory, although this news did not reach the United States until the desighn-

O

”of the present machine was well under way. The machine was originally devised to
accommodete the relativistic incresse in mass of high speed particles which, at the time,
was limiting the maximum energy qvailable from such atom smeshers as the cyclotron.
In addition, the synohrotron promised to be less expensive, in both oconstruction and
operation, then alternate msthods of aohisving the same energies.

The synchrotron is purely an instrument of research, used to investigate
the interaction with matter of xFrays end high speed electrons. Currently theé meson,
a very short lived particle resulting from nuclear disintegrations and intimetely
related to the forces holding etomioc nuolei togsther, is being studied.

Like the better known cyclotron, the synchrotron accelerates particles by
adding thousands of small increments of energy to them as they are restrainsd by a
‘magnetic field to a whirling circular orbit. However, the synchrotron acce%erates by
using a constant frequency accelerating voltage in conjunction with'a varying megnetioc
field, while present day oyclotrons use & modulated sccelerating voitage together ﬁith
& oonstant intensity mééﬁetic‘field.

Eleétrop apdelération s accomplished in three successive stages; 1) Injeotion,
which giv%a the perticles en initial boost of 90,000 volts, 2) "Betatron start"™ which
brings the energy to 2 million eleotron volts (MEV), end 3) Synchrotron action, which

takes the particles from 2 to 300 MEV.
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The injector or "ion gun", which extends through the outer wall into the
sccelerating chamber, contains an e¢lectrically heated, white hot tungsten filaement.
At 2100° C. electrons in the tungsten metal receive enough thermal energy to escape=-
they are literally beiled off. This filement is at a negative potential of 90,000
volts with‘repect to a ground shield surrounding it, the wvoltage being supplied by
a pulse transformer. As soon as these eleotrons fesl this potentisl they are injected
tangentially into the accelerating chamber through a slit in the ground shield.

At the instant of injection, the intensity of the megnetic field through
the accelerating chember is inoressing. If magnetic flux is changing through a closed
loop of wire, en electric current hegins to flow in the wire. This is the baesis of
befatron sction. The rate-of-change of the megnetio flux through the ocenter ‘of the
circular aceelerating ohambef is increased by the use of flux bars (megnetic shunts)
which chennel the flux from the upper %o the lower magnet yokes. This indﬁcés$an
electromotive force at the acoelerating orbit whioh speeds up the particleso Approximately
200 microseconds after injection the flux Bars saturate and the betatron cycle is
completed, after having boosted the slectrons to a speed of 987 of the velocity of light.
The pearticles now have sufficient speed to be accepted for synchrotron action,.

True synchroiron operation commences when the osoillator supplying the
accelergting voltage is turned on. A constant frequency voltage then appears soross
e transverse gap in the-electron path. The frequenoy and phsse timing of this voltege
ié such that the electrons are "kiocked" forward once per revolution.

_ As the energy of these particles increases, they becoms heavier. In faect,

due‘ to the relativistioc effect, the mass of the electrons increeses 600 fold during
the acceleratiﬁgkcycle. If the electrons moved in a megnetic field of constéant
intensity, they would deécribe larger and larger ciroles, getting out of step with
the acceierating voltage. However, during each revolution of the electrons, the
synchro£ron's magnetic field inoreases enough to hold them to an essentially constent
“orbit.

Actusl mechines heve local variations in the megnetic end electric fields,
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due to limitetions of meterisl and menufacture, which cause devietions from ideal
theorye The synchrotron is rendsred dynamicaelly stable (when disturbed, the particles
will return to the proper orbit end phasing) through the use of a foousing megnetic
field sand beéause of "The Prineciple of Phase Stability"™. The focusing magnetic field
is gupplied by properly shaping the cross section of the magnet air gap pole tips.
The Principle of Phase Stability is utilized by providing the equilibrium velue of
the accelerating voltage below the peak sccelerating voltagé. If the whirling electron
recoives only the equilibrium quota of energy during each revolution, the incresasing
magnetic field will hola it to an orbit of oconstent radius. If some of the particles
have more than the equilibrium velocity, or if they have baen deflected to afsmaller
redius then the design orbit, they will arfive at the accelerating gap early, beforei
the voltage hes built up to nomal value; They then get less then the nofmal forward
push and ere slowed down. If a particle is tra%eling too slowly, or has bsen deflected
to & lerge redius, it arrives late at the escoelerating gap end finds that the mecélerating

voltage has increased over theequilibrium value. The particlé receives more than its

-normal gquota of energy end is therefore speeded up. The similarity of this setion with

that of synchronous motors suggested the neme of the machine.
The energy of‘the particles is removed from the aoéelerating ohember by converting

thelelectrons to short wave length x~-rays, called gemms rays or photons. After 4000° |
nicroseconds of opsration, and before the megnetic field has reached maximum intensity,
the oscilletor is turned off. The electirons ere now forced into smaller and smeller
oircleé ﬁntil they finally strike = targeﬁ of uranium rod projscting from the.innér
wall of the accelereting chember. Gemme rays are formed which are not affeocted by the
magnetic field and this rediation emerges through the accelereting chambsr wall in a
streight line from the target. If electrons are to be studied, the gemme reys mey be
converted to positrons and electrons (the phenomenon known as Pair Production) by pessing
them throygh'another target, although this process is accompanied by energy loss.

‘ In order to achieve the necessary rate-of-change of the magnetic field, and

to conserve electrical energy, the synchrotron megnet is part of an huge oscillating
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circuit. The largest capacitor bank in the world, consisting of 3328 individual units
with & combined reactence rating of 40,000 KVA (805 miecrofareds), makes up the other
part of the circuit. Thié cirouit, passing 5,000 emperes pesk current, is triggered
by four large "Ignitron" tubes. Each.surge between cepacitors and magnet involves tﬁe
trensfer of 105,000 joules of energy, enough to 1ift a 200 pound man twenty five sﬁories
straight upt

When the megnst is pulsed, thé two yokes are attrescted with a meximum force of
60 tonse. This pulse produces small defleotions in the magnet gtructure with ressulting
noiss. The maechine sounds like an huge diesel engine in operation.

Since the magnetio field changes, the magnet had to be constructed like a
transformer to r@u;st eddy ocurrentse. The 1356 tons of steel in the magnet is in the form
of +014" gheet, bonded together to form 6 inch thick slabs. The magnet has a double
return path yoke with a oircular air gap of one metsr redius on the horizontal centerline,.
Looking down on top of the magnet, one sees & rectangular hole which is provided to
allow access to the inner side of the accelerating chamber, and to accommodate the 18
flux bsrs used during the bstatron start. |

The accelerating chamber, which is suspended on a shook mounting in the middle
of the magnet's air gap, is.compbsed of eight silica segments of ellipticel coross section.
The ends of the segments are joined with rubber sleeve vacuum seals. This syatem is
g';vaouated to a pressure of .01 microns (millionths of a meter of meroury) by fwo small
oil diffusion pumps which work continuously. If the gas present under high vacuum
conditions in the 2.1 cubic foot volume of- the accelerating chambef were to be compressed
back t§ gea level pressure, it would ocoupy no morse volume than a pin head. This.degree
of exheustion is necessary to prevent the high speed slectrons from losing their energy
in collisions with air molecules,

One segment of the eccelerating chember is copper pleted, except for a 3/8"
transverse gap at one end, to form the resonant cavity in which the saccelerating voltage
'isfproduced. Algrounded grid oscilletor drives this cavity at a constant frequency of

47,7 megacycles, producing a redio frequency voltege of approximately 3000 volts meximum
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scross the aoceleraﬁing gap.e
| Although the synchrotron jusé described has been designed to accelerate the
lightest particles, no inherentvthaoretical limitations restrict all synchrotrons %o
electrons. The huge new "Bevatron™, now under construction and expected to reech energies
in the billions of electron volts, is a synchrotron which wiil accolerate the three

heavy particles, protons, dsuterons, and alpha particles.

This peper is bassed on work performed under the auspices of the Atomio

Energy Commission.
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