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Radiation Laboratory, Department of Physics,
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ABSTRACT

A magnetic deflector for the Bevatron is described. Particles initially
circulating at some distance from the deflecting field are caused to enter the
field during the course of a single turn because of a small energy loss in a
suitable placed target. The estimated efficiency is about 1 percent in"2 at a

detector located twenty feet from the circulating current,

*On leave from the Department of Physics, University of California, Los Angeles,
California. ,
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Byron T. Wrightx*

Radiation Laboratory, Department of Physics,
University of California, Berkeley, California

June 4, 1953

INTRODUCTION

Although it may be some time before any attempt will be made to form
an external proton beam from the bevatron,l, a study of this problem was recently
undertaken. In part, the object of the study was to determine which changes '
essential to beam extraction, if any, could better be made to the bevatron during
its final assembly rather than at a later time. One of the possibilities for the
production of an external beam which was considered in some detail is the
magnetic deflector which is described in this report.

In this deflector, the beam, which is circulating in the outermost re-
gion of the available "'good" (0.50 < n < 0.78) magnetic field, is expanded onto
a target in which it loses some energy. The amount of loss is such that the
amplitude of the resultingllrather large radial oscillation carries the beam into
the inner region of good magnetic field. The azimuthal position of the energy
loss target is such that the first maximum inwar;d excursion of the particle
occurs in a straight section. Here the beam passes through a magnet which de-
flects it outward so that it emerges at the end of the following quadrant. In
Fig. 1 the motion of a particle for one revolution at constant radius is represented
by a horizontal line. W, N, E, and S refer to the compass locations of the
straight sections. The protons are circulé,ting in the éhaded region. The
beam is expanded into the targét T, where it suffers the proper energy loss to
cause it to enter the deflecting magnet M, as shown. Here a 2. 3° deflection
will cause the particle to emerge one quadrant away as shown in Fig. 2.

The basic point is that the particle is caused to enter the full deflecting
magnetic field in the course of a single turn, the particle previously having

felt a negligible field from the deflecting magnet.

*On leave from the Department of Physics, University of California, Los Angeles,
California. :
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DIMENSIONAL DETAILS

The results of magnetic field measurements on one-seventh and one-
twelfth scale models are shown in Fig. 3* The dashed curve shows the variation
of the magnetic field exponent n = -(r/H) (dH/dr) with radius.  These {ralues of
n are for a field at the 600 inch radius of 15, 600 gauss. The solid curve in
Fig. 3 shows how the width of the 'good' (0.50 <n < 0. 78) field is increased by
a certain current distribution in the pole face windings. The power required is
1000 kv, about one-eightieth of the kva required in the supply for the main
magnetic field. For purposes of estimating the efficiency of the deflecting
system being considered, we shall assume that n = 0. 65 in the radial interval
from 590 inches to 610 inches. | |

The theory of beta.trons2 shows that at full beam energy the radial
betatron oscillations in the bevatron will be damped to a maximum amplitude

of é.bout ‘three’ inches, and that the-axial betatron amphtude will be an 1nch or
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Assume, (a) that all the particles in the beam pulse strike the target T,
Figs. 1 and 2, exactly normal to its face and (b) at a sufficient distance from
the edge so that they all traverse the entire thickness.

From some results due to Bethe4 we fmd for ab.2 Bev proton beam
traversing 16 gms cm -2 of Be that (a) the scattermg is well represented by a
Gaussian d1str1but1on whose half-width at l/e intensity is 0. 07° and that (b) the
fraction of all partlcles which are scattered through an angle less than 0. 01°
is 2 percent. v

Curve P, Figs. 1 and 2, shows the trajectory of‘ a pbarticle unscattered
by T. The curves of Fig. 4 show the displacemeni:s frern P is particles |
scattered at 0.01° to P, the upper curves for scaﬁterrng in the axial direction
only, the lower curves for radial scattering only. The solid portions of the
curves were calculated from formulae for particles moving in the bevatron at

= 0. 65, and the dashed portions, referring to the motion through the fringing
field, determined by numer1ca1 1ntegrat1on for the ‘upper and graphical con-
struction of orbits for the lower. Note the strong radial defocussing and axial
overfocussing due to the fringing field.

By backward extension of the trajectories represented in Fig. 4 we
may determine 'thelloc_ation of a virtual source for axial scattering alone or
radial ecattering alone. By coincidence both occur at a point S, Fig. 2, some '
135-inches from the quadrant end.‘ Thus the pa,rticle.s in a cone of half-angle -
0.01° from the real source at T, Fig. 2, appear, .in the deflected beam, to
origihate at the virtual source S in a cone of elliptical section whose half-angle
in the horizontal plane is 0. 33° and whose half -angle in the vertical plane is
0.035° o _

The area of the elliptical section at D is about 6 inz, so the efficiency
under assumptions (a) and (b) above would be 1/3 percent in'z. However, a set
of quadrapole lens5 of very reasonable size, aperature and gradient, positioned
midway between S and D, Fig. 2, will focus the entire 2 percent of beam within
a square inch. | ;

In removing assumptions (a) arld (b) we encounter three factors which
may reduce the efficiency. :

The beam is to be expanded onto the energy loss target by reduction
of the magnetic field. At the maximum rate of field reduction which is possible,

the equilibrium orbit iricreases in radius 7 x 10 -5 inches per particle revolution.
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An estimate has been made of the mean dlstance from the edge at which part1cles
will strlke the target T. Cons1der a group of particles in a differential azimuthal
range and opposite T at a certain instant. All phases of the radial betatron
'osc111at1on are assumed to be equally populated _As the. motlon of th1s group
proceeds under expansion of the orbits, on each turn a small bite of the group's
360° of PHASE is removed by T. As expansion proceeds, the bites increase in
size and some of the particles reach greater distances from the edge of the probe.
Detailed analysis for n = 0. 65‘ ”an an';pllitude of 3-inches for the radial oscillation,
and the orblt expansmn rate given ab0ve shows that beam will be intercepted for
200 turns (correSpondmg to an mterval of 80 mlcroseconds) and that the mean
d1stance from the edge. at wh1ch part1c1es strlke the probe will be 0.002.inches.
lFor a two 1nch amphtude of rad}al,o,s,\c;lla‘tlon the mean ,dxfstay.n_ce,wlll‘ be only
about 20 percent less. ) . - ‘

Since this mean distance is three times the displacement of a particle
scattered through 0. 01° immediately on entry into the target, we conclude that
probably not more than 20 percent of the beam will fail to traverse the full
target thickness, and thus fail to lose the proper amount of energy required for
entry into the deflecting magnet.

Another result of the analysis of the condition of entry of the beam at
the energy loss target, is that in the horizontal plane, the maximum angle be-
tween the trajectory and the normal to the face of entry is 0. 01°. Since this
angle is only one-seventh 6 . ms’ practically no loss in efficiency results from
the removal of this part of assumption a.

For an amplitude of one inch for the axial oscillations, the maximum
angle between the normal and the particle trajectory reaches 0. 070, a result
which leads to some loss in efficiency. To be scattered into the solid angle of
interest, some of the particles must be scattered through an angle of 0. 07°.
Averaging this effect over the range of angles from 0° to 0.07° shows that the
actual loss is about 35 percent. The combined effect of removal of assumptions
a and b then, is to reduce the efficiencies quoted above by a factor of two.

The energy loss target and the deflecting magnet will both have to
move toward the center of the aperture as the acceleration of the beam pro-

gresses, since the radial extent of good field decreases as the field increases.
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+ It is possible that the deflecting magnet may need to be pulsed on (say a rise
time of 1/2 second) near the end of the acceleration period to avoid magnetic
disturbance early in the cycle. Stray field from the deflecting magnet which
extends to the region of circulating beam may need to be nullified with auxiliary

coils.
CONCLUSION

An efficiency in the neighborhood of 1 percent in"2 of detector at a
location outside the shielding is pdssible with the magnetic deflector for the
bevatron which is described herein. It is a pleasure to acknowledge a ﬁurﬁber

of helpful discussions with Dr. E. J.  Lofgren.

Information Division

6/4/53 pe
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- FIGURE CAPTIONS

Motion of a particle for one revolution at constant radius is rep-
resented by a horizontal line. W, N, E and S refer to the compéss‘- ’
locations of the straight secti_ons.. A particle on striking the evnér:gy
loss target T follows the trajectory P to the deflecting niagnét M v
If it is deflected t hrough 2. 3° it will then follow the pé.th P, Fig. 2,
The shaded area represents the region occupied by the .circﬁla,ting'-". _
beam. o B |
Section of certain features in the vicinity of the west straight section
of the bevatron. B is the concrete shielding wall, Y -thé,rriagne'f
yoke, V the vacuum tank, and W the west té.ngent tank. The line C
is at the 600 inch radius. T is the energy loss target. P represents
a particle emerging through the fringing field and striking the de-
tector at D. S is the location of the virtual source of particles which
form the deflected beam. |
Variation of the magnetic field parameter n with radius at 15, 600
gauss. The solid curve shows the improvement due to a certain
current distribution in the pole face windings (PFW). Data from
one-seventh and one-twelfth scale models. '

Linear displacements from the central trajectory.P, Figs. 1 and 2,

due to angular deviations of 0. 01° at T.
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