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CLOSED ORBIT CORRECTION IN THE AGS*

Cpton,

1. Introduction

In order to utilize efficiently the available ap-
erture in the AGS and thereby achieve a high intensity
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accelerated beam, it is

the horizontal and vertical equilibrium orbits be min-
imized. As has been emphasized', this is particularly
true when multiturn injection is used. The AGS Cen-
version program has provided the synchrotron ring struc-
ture with 96 horizontal and 96 vertical dipole magnets
located at the 2, 4, 6, 8, 12, 14, 16, 18 straight sec-
tions of each superperiod. 2  FEach of these correction
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dipoles® is
the beam an angular deflectlon of 0.15 mrad for the in-
jecticn momentum (8.46 X 10® gauss in.). The position
of the beam in the AGS is observed with the aid of 36
horizontal and 36 vertical electrostatic induction elec-
trodes located azimuthally at the 3, 7, and 15 straight

sections of each of the superperiods.

II. The Equilibrium Orbit

The equilibrium orbit, that is, the average
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the number of betatron cscillations for
a full circumference, C = 2mR, of the

the average beta function, B(7), for
the central superperiod-symmetric ref-
erence orbit,
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the fractional momentum deviation from
the momentum of the central orbit,
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)y(g ), the ncrmalized position variable
corresponding to a transverse displace-
meat at s, equal to r(bk .

In the specific case of the correction dipoles, the per-
turbing field distribution consists of a set of 96 point
dipoles and is best written in term of the Dirac delta
function as
96
f(r) = F S(~-=) . {2)
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and represents the normalized angular deflection at the
azimuthal location, ¢,, of a dipole which deflects the
particle trajectory through an angle of 7 (;a) radians.
Inserting Eq. (2) into Eq. (1), and restricting the T
variable to the 36 pick-up electrode observation points,

we derive the matrix equation

ﬂE.O'(ok) = ﬂk = 1kD + M ‘F&, k= 1,36, o = 1,96 ,(4)
where 1, is the vector with all components equal to cne
and ng;tlplles the normalized momentum offset,

D= BAV ap/vp. The rectangular matrix, My » has the

elements
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In writing this matrix relation we have adopted the no-
tation that Greek letter subscripts correspond to the
dipoles and run from 1 te 96, while Latin subscripts cor-
respond to the pick-up electrode positions and have val-
ues 1 to 36. 1In addition we use the convention that re-
peated indices indicate summation.
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The problem of correcting the deviations in an
equilibrium orbit observed at discrete points is, in
this case, that of finding 96 values for the dipole
fields that can cause 36 deviations, and then intro-
ducing these dipole field values with a reversal of po-
larity into the ring. It is clear that the problem has
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that are imposed. One solution suggested by E. Courant®
is: Minimize the sum of the square of the 96 dipole
field values subject to the constraint that the resul-
tant orbit pass through the 36 observed deviations.
Thus, letting

noe on Fhe z3ddiricnal constraints
fig on thne aaaitionas Constrainis

A= FQFQ ;o= 1,96 (6)
we defined 36 constraints Bk
Ek = ﬂk - M aﬁa - 1kD = {, k = 1,36 . (/)

We now consider the change of the quantities A and By
for variations in F, and D and obtain

"A = 2F AF. = 0 and (8a)
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Since these variations are not independent we introduce

the Lagrange multipliers, lk’ and find
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It should be menticned, at this point, that the
above derivation is specifically concerned with the hor-
izontal orbit for which a deviation from the center of
the machine can be due to a momentum offset. For the
vertical orbit, the derivation follows in a similar
fashion except that the momeatum offset equals zero,and
only Eq. (10a) (with D = 0) is applicable.

IV. Aralytical Model for Betatron Parameters

Because of the desire to simplify the analysis of
the previous sections, we have used normalized variables
wherever possible, However in applying the derived re-
sults, it is necessary to use specific values for the
betatrcn parameters. These are conveniently represented
by an analytical model of the AGS”; and, for complete-
ness, we shall essentially list them. Thus for the be-
tatron phase function at any azimuthal position s, we

have
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where L is the length of a basic cell and y; = 2mp/60.

The two constants, - and 7, take on equal and opposite
values for the horizontal and vertical planes and are
ziven by
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The beta functions which are consistent with this ex-
pression for the phase function are:
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V. Application and Results

An on-line program for the AGS control computer
(Digital Equipment Corp. PDP-10) has been developed
which, given a measured equilibrium orbit at injection
energy, calculates the required magnetic field correc-
tions. As can be seen from the block diagram, Fig. 1,
the innuts are the measured orbit and the - value. 1In
addition to the output correction field values, the
arbit positions at the 240 straight sections of the AGS
are calculated aud can be displayed. TFigures 2 and 3
show a tvpical uncorrected and corrected vertical orbit.
As can be sven the peak to peak distortion was reduced
fron approximately 2 cm to 2 mm. The very lecal devia-
tion shown at the IS pick-up electrode is indicative
that the power supply limit was reached for those di-
poles in that vicinity. Figures 4 and 5 are similar
pictires [or the horizontal orbit. ilere again the limi-
tation in correcting the orbit is due te the power sup-
ply limitaticn.

VI. Mid-Field Orbit Correction

It is of interest te mention that a method similar
in the previous sections for correct-
srbit has been developed for correct-
ing the wid-ficld Because of the higher
it is necessary in this instance to move the main ring
The basic calculation was modified such that

to that Jdescribed
cction

ing the i

AMET T,

orbits. anergy,

masznets.,

873

thcse magnets to be moved were those which initially
exhibited the largest physical displacements as deter-
mined by an optical survey of the ring. Thus by moving
153 of the 240 main ring magnets (the maximum horizontal
notion was about 0,080 in.), we have reduced the peak

to peak horizontal distortion from approximately 2 cm

to 1 cm.
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Fig. 1 Block diagram for orbit correction and display

program.



Uncorrected injection field vertical orbit.
The brighter dots are observed displacements.
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Fig.

4.

Uncorrected injection field horizontal orbit.

Corrected injection field horizontal orl
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