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Summary

A 450 inflector for the off-axis injectors is
described. The system features second-order iso-
chronous corrections to preserve accelerator bunch
length. The correction is made with a camwin-tion
sextupcle-~-quairupole, the design for which is also
included.

Introduction

The design of the two-mile linear accelerator
includes the provision for two off-axis injectors
located at the ends of the tenth and twentieth sec-
tors of the thirty-sector machine. These extra
injectors will greatly increase the reliablility and
the versatility of the accelerator. In addition,
by using the auxiliary beam take-off provisions
that are located just ahead of each off-axis in-
jector, the accelerator can be operated as two, or
even three, separate accelerators.

Probably the most important need for the off-
axis injectors is to increase the reliability of
the whole accelerator. Virtually no other single
active component except the main injector is es-
sential to operating the accelerator. By using one
of the off-axis injectors when the main injector
requires service, 1t may be possible to operate
satisfactorily for all experiments except those re-
quiring either the maximum energy or requiring a
positron beam. The reason for the latter restric-
tion is that the positron source for the acceler-
ator is located immediately downstream from the
first off-axis injector.

One of the most valuable features of the two-
mile accelerator is the multiple beam provision.
As many as six different "besms” can be accelerated
on consecutive pulses. The different beams can be
directed to one of the experimental areas by mag-
nets in the beam switchyard. The off-axis injec-
tors will greatly enhance these multiple-beam fea-
tures by allowing the experimenter a much wider
choice of parameters from which to specify beam
requirements.

Each off-axis injector will be basically iden-
tical to the 30-MeV main injector which is located
at the bveginning of the accelerator.l The essen-
tial difference is that the off-axis injector is
positioned at a 4s© angle to the main accelerator
axis, and this requires a magnetic inflection sys-
tem to transport the beam and bend it on the axis.

Inflection System

The principal requirement for the inflection
system is that it must bend the heam ontoc the main
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axis without degrading the beam parameters signifi-
cantly. The secondary requirement is that the main
beam is not affected so that multiple beam opera-
ticng ucing vwo or more injectors are possible.

Tve beem marsmeters which pertain to the inflection
vooblon wre ths transverse momentum, the spot size,
the energy, the momentum spread, and the bunch

length. These parameters are summarized in Table
I.
TABIE I

Input Beam Parameters
Horizontal spot Oy 0.5 em
Horizontal deviation &8 £ 3.3 X 10™* radien
Vertical spot Ay 0.5 cem
Vertical deviation Ny £ 3,3 x 107% radian
Bunch length Az 0.8 mm
Momentum spread Opfp t5.0%
Energy E 30 MeV

To preserve the bunch length, the inflection
system must be isochronous even though the tctal
momentum spread is 10%. The term “isochronous”
describes a system for which the transit time is
a constant for all trajectories. The bunch length
is important because it is the characteristic of
the beam which determines the final energy spread
in the accelerator. One can visualize a bunch of
electrons riding the traveling wave through the
disk~-loaded waveguide. If the accelerator is prop-
erly phased, the bunch will be near the crest of
the wave. The longer the bunch, however, the more
some electrons will be spread out away fram the
crest, thus being accelerated less than the elec-
trons nearer the crest.

A variety of systems was considered for the
inflector. The simplest system, and the one which
gives the best results, consists of a pair of 22.5°
bending magnets separated by a horizontal focusing
quaérupole lens. To avoid defocusing the beam ver-
tically, *%e rays are focused vertically to a hor-
izontal line at the center of the quadrupole by ro-
tating the inner faces of the bending magnets.

The function of the quadrupole is to refocus rays
of various momenta as they spread from the first
bending magnet. The focal length of the gquadru-
pole is set for the nominal distance between cen-
ters of the bending magents. This system 1s shown
in Fig. 1.

The analysis of the inflector was made by us-
ing the IBM 7090 computer with the program TRANS-
PORT.2 Table II shows the results for the first-
and second-order calculations using TRANSPORT.
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First-order calculations use only single powers of
the beam parameters, e.g., &x; second-order calcu-
lations include terms in &xA68, etc. The table 1is
based on a 30 MeV beam.

TABLE II
Beam Opites for Inflection System
Output Output
Parameter First Order Second Order

A x + 0.5 em + 0.93 cm
A8 + 3.3 x 107% rad  + 2.76x 107* »ad
Ay + 0.5 em + 0.56 cm
s +3.3x107% rad  + 2.31x 107* rad
VA2 + 0.8 m + 5.76 mm
Apfp £5.0% £5.0%

From the table it is apparent that when second-
order effects are included, the system is not sat-
isfactory as it stands. The worst trouble is the.
debunching which is mostly due to chromatic aberra-
tion in the guadrupole. Chromatic aberration
cauges both high and low momenta rays to travel a
longer path in the second bending magnet. The aber-
ration can be corrected by adding a sextupole ele-
ment to the gquadrupole. Qualitatively the effect
of the sextupole 1s to increase the strength of the
quadrupole on the side toward which the higher
energy rays are deflected and to decrease it on the
other side. The sextupole correction is needed
only in the horizontal plane of the quadrupole and
cau be added by suitably modifying the gquadrupole.
By actually over-correcting the quadrupocle, the high
and low momenta rays are allowed to make the final
bend on the inside of the main trajectory; thus
they take a shorter path through the second bending
magnet and make up for the long path they took
through the quadrupole. This recombination of the
bunch is shown schematically in Fig. 2. Table III
shows the calculated results of the sextupcle-
corrected system.

TABLE IIT

Sextupole-Corrected Rotated Pole Face System
(25 MeV and 68.0-cm radius)

D x + 0.92 cm
58 + 575 x 107 rad
Ay + 0.56 cm
Ao +3.31x 107% rad
Az + 0.81 mm

Ap/p #5.0%

The choice of radius was wmade as a canpromise be-

tween using the largest possible magnets to reduce
the effects of fringing fiel”: and the maximum di-
mensions avallable within the confines of the in-

flector housing.

Compensating System

The bending magnet at the end of the inflector
must lie on the main beam axis. To avold the prob-
lems inherent in attempting to pulse this magnet

when the main and the off-axis injector beams are
operating simultaneously, a compensating magnet
system is required upstream to counter the effect
of the last inflector magnet on the main beam.
Three magnets, each identical to the last inflec-
tor magnet, are used to restore both the lateral
position and the direction of the beam so that it
is centered on, and parallel to, the accelerator
axis. These magnets, mounted as shown in Fig. 3,
have essentially no effect on the phase space of
the high energy beam on the main axis.

Lhe first of the three compensating magnets
bends tne beaw 1in the same direction as the last
cf vl inrlector maguets. The two middle magnets
then bend the beam by twice the angle for each of
the others and in the opposite direction. The net
result is that the beam is neither deflected nor
translated by the system.

Sextupole-Quadrupole

The beam in the horizontally focusing quad-
rupcole is at a point of vertical focus. Thus the
fields above or below the horizontal plane of
symnetry are of no specific interest. It is pos-
3ible to modify a guadrupole to obtain a combina-
tion quadrupole and sextupole field along the hor-
izontal or x axis. Th~ desired field has the de-

pendence
Bo=ax + bx=, B =0 (y =0, only) (1)
where a and b are arbitrary constants.

It is conventional to consider the ordinary
quadrupole field as derived from the scalar poten-
tial

V = axy. (2)

The location of the pole surfaces 1s then found
from the ordinary equation for a set of hyperbolas,

xy = V/a, (3)
where 2V/a is the square of the radiug of the bore
hole. By differentiating Eq.(2) from B= -V V, the
usual linear field is found for both axes.

If we choose a similar potential function,
V= - (axy + bx%y + cyo), (&)

we find for the vertical field

av 2 2
B = - = ax + bx“ + 3cy {
v By ¥ \5)

which agrees with the requirement of Eg. (1) at
y = C.
The horizontal field component is given by

- év (’_
EX = -5 car 2bxy (&)

N

>
From Maxwell's equation, T-B=0 5
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From the TRANSPORT program results it was
learned that the correct ratio for sextupole field
to quadrupole field was 0.1 at 8 cm. Then from
Eq. (1), Ba = 64b x 10 and b = a/80. Thus Eg. (4)
becomes

Vo : 2 .
PRI A (xd - %—) / 80. (8

Equation(B)shows, on inspection, that thz sextu-
pole modification is only a relatively small per-
turbation of the pure quadrupole. The shape of
the quadrupole is shown in Fig. 4. Only the upper
half of the quadrupole is shown because, by sym-
metry, the lower half is identical. Figure b is
made from an autcmatic computer plot showing the
family of equipotentials. Analysis of the ccmpu-
ter solution for the potentials shows that the
fields agree with the analytic solution within
about 0.1% even though the poles are terminated
at a finite distance.
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FIG.1 45° INFLECTION SYSTEM 232-1-A
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FIG.4 SEXTUPOLE-QUADRUPOLE FOR OFF-AXIS INFLECTOR 232-4-¢



