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Chapter 8 Particle Accelerators
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® A device that provides forces on charged particles
by some combination of electric and magnetic
fields and brings the ions to high speed and Kinetic
energy is called an accelerator. Many types have
been developed for the study of nuclear reactions
and basic nuclear structure, with an ever-
increasing (#F2£1% ) demand for hlgher particle
energy. In this chapter we shall review the nature
(£ J51) of the forces on charges and describe the
arrangement (4514) and principle of operation of
several important Kinds of particle accelerators.




8.1 ELECTRIC AND MAGNETIC

FORCES (HB#5)

i Let us recall how charged particles are

influenced (JE%5) by electric and magnetic fields.
First, visualize (32 %) a pair of parallel metal

plates separated by a distance 4 as in the sample

capacitor (

Battery

1 75%%) shown in Fig. 8. 1.
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Fig. 8.1. Capacitor as accelerator.



P73% BB =17

m A potential difference (¥#Z) V and electric field
E=V/d are provided to the region of low gas
pressure by a direct-current (ELYLF) voltage
supply such as a battery (F8if). If an electron
of mass m and charge e is released at the
negative plate (FH1}4R), it will experience a
force £e, and its acceleration will be Ze/m. It
will gain speed, and on reaching the positive
plate (FH1%AR) it will have reached a Kinetic
energy mv’/2 = Vbe.




® Next, let us introduce a charged particle of mass m,

charge ¢, and speed v into a region with uniform
magnetic field (332JH43%) B, as in Fig.8.2.
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Fig. 8.2. Electric charge motion in uniform magnetic field.
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m If the charge enters in the direction of the field lines
(37 714%), it will not be affected, but if it enters
perpendicularly (Z£ELH) to the field, it will move at

constant speed
of gyration (&’

on a circle. Its radius, called the radius
%), is r = mv/eB, such that the stronger

the field or the lower the speed, the smaller will be the

radius of motio
(omega), equal

n. Let the angular speed (7)) be @
to v/r. Using the formula for r, we find

@ = eB/m. If the charge enters at some other angle, it
will move in a path called a helix (#2jE4R) , like a

wire door spring (&8 2% 1 1H%).
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® Finally, let us release a charge
in a region where the magnetic Field
field B is changing with time.
If the electron were inside the
metal of a circular loop (&%) |
of wire of area 4 as in Fig.8.3, Q’
it would experience an electric ;ﬁ o
force induced by the change in ¢

magnetic

magnetic flux (BB E) BA. fio
The same effect would take

place without the presence of

the wire, of course.
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Fig. 8.3. Magnetic induction.



8.2 HIGH -VOLTAGE MACHINES

(HE B #)

® One way to accelerate ions to high ko
speed is to provide a large =
potential difference between a Capacitr
source of charges and a target. In ALY
eftfect, the phenomenon of lightning -
(N ER), in which a discharge (B E) &
)

@

|
Accelerating
potential
difference

from charged clouds to the earth e
takes place, is produced in the

laboratory. Two devices of this typ

are commonly used. The firstis the  rcom 2
voltage multiplier (FE EfZ1E3S) or Fig 8 Carkrat-Wallon s
Cockroft-Walton machine.
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Metal shell

® The second is the electrostatic
generator (B XEAF) or Van e
de Graaff accelerator (Fig. 8.5).
An insulated (Z2% []) metal shell ‘|
is raised to high potential by 1Rk
bringing it charge on a moving Miring
belt (£3))77), permitting the :
acceleration of positive charges | hube
such as protons or deuterons. Eiirh /d :
Particle energies of the order of N
SMeV are possible, with a very SiE Sl
small spread in energy. R N
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8.3 LINEAR ACCELERATOR
(ELRINES)

#t Rather than (1) giving a charge one large
acceleration with a high voltage, it can be brought to
high speed by a succession of (—## &) accelerations
through relatively small potential differences, as in
the linear accelerator, sketched in Fig- 8.6.
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Fig. 8.6. Simple linear accelerator. (From Raymond L. Murray and Grover C. Cobb, Physics:

Concepts and Consequences, ©), 1970. Reprinted by permission of Prentice-Hall, Inc., Englewood
Cliffs, New Jersey.) I



# It consists of a series of (—3 £ [)) accelerating
electrodes (FE1}%) in the form of tubes with
alternating electric potentials applied as shown.
An electron or ion gains energy in the gaps
between tubes and “drifts (727i)” without
change of energy while inside the tube, where the
field is nearly zero. By the time the charge
reaches the next gap, the voltage is again correct

for (... 112 IE) acceleration.




8.4 CYCLOTRON AND BETATRON

(—) CYCLOTRON ([ e finss)

® Successive electrical acceleration by electrodes (FE1}
) and circular motion ([& f&Z7))) within a magnetic
field are combined in the cvclotron. (Fig. 8.7)
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Fig. 8.7. Cyclotron. (From Raymond L. Murray and Grover C. Cobb, Physics: Concepis and
Consequences, 1 1970, Reprinted by permission of Prentice-Hall, Inc., Englewood Cliffs, New
Jersey.)
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#t Two hollow (Z /') metal boxes called “dees (DF%&)”
(in the shape of the letter D) are supplied with
alternating voltages (AZ Y E) in correct frequency

and opposite polarity (%]%). In the gap between dees,

an ion gains energy as in the linear accelerator (E.2z /1
TR %%), then moves on a circle while inside the field-

free region (JGH

37X

X)), guided by the magnetic field.

Each crossing of the gap with potential difference V'

gives impetus (F

251 /]) to the ion with an energy gain

Ve, and the radius of motion increases according to r =

v/, where w = eB/m is the angular speed (E

TV
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