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ABSTRACT

In order to control emittance growth dus to transvetse
wakefields it will be necassary to transport electrons and pos-
itrons through the Stanford Linzar Cellider (SLC) lioac to
within a bundred gm of the centers of the linac irises. Beam
centering will be accomplished using computer routines to read
styipline beam position monitore and In turn correct the or-
bits with dipole magneis, Several different stearing algorithina
have been investigated using electrons i the first third of the
SLC linac Iattice. The most promhsing scheme Is u cascads
of modified “three-bumps” in conjunction with long spanning
barmonic corrections. General features of the orbit eorrect-
ing software are discuseed along with the mathematical racipea
for correction. Experimental results and & discvssion of future
plans are presented.

INTRODUCTION

Transverse wakefields are generated in the Stanford Lin-
ear Collider (SLC} linac when the intense SLC bunches travel
off the axis of the accelerator. Wakefields att within a single
bunch to further displace the tail of that bunch with respect
1o its head. This displacement within a bunch causes an sffec-
tive beam emittance growth which subsequently reduces the
luminosity st the Interaction Point. To keep the wakefiald in-
duced emittance growth below 10% it la nacessary that beam
trajectories remain within 100 jun of the Hnac irises.!

‘Trajectory distortions In tie sceelerstor azise from hunch-
ing errors, RF steering, susdiupole misalignment, position
monitor (BPM) misalignment, and from extraneous magnetic
fields. Magnetic ezzors will deflect positrons and electrons
in opposite ditections and can be compensated directly with
dipole magnetic fields. RF errors will deflect both ¢* and &~
in the same directions so that magnetic magic bumpa®® are
required for correction,

The SLC linac is belng instrumented to permit the detoc-
tion and correction of trajectory errors. Downstream of besm
reinjection from the damping rings, 3 beam powiticn monitor
and a pair of sieering dipole magneta {horizontal anv vertical)
have been installed for each quadropale of the linac lattice.
BPMas are champed by the quadrupoles to within 5D pm of the
magnetic centers of the focusing elements. The quadrupoles are
manually sligned and lle within 100 sm of the linac axis. The
corrector magneta straddle the sccelerator structure, typlcally
within 0.5 m of ita luocllud quadrupole-5PM assembly. The
Aat b tor pair and monitor is typleally a
maﬂtruﬂmdthupuhgbetmad;mumm When
the lattice i adjusted for SLC operation, there is 45° of beta-
tron phase advance batween monitors through the firet half of
the linac; this phase advance decreases adiabatically to about
26° between monitors by the end of the linae,
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Automated beam steering is being developed fur the SLC
innc. Sevaral of the algorithma have besn tested in the first
third of the accelerator, which for the laat year and a half has
been instrumented with the SLC aquipmant.

GENERAL FEATURES

All autosteering programs will be required to simultane-
ously center both positron and electron beama to within 100 pum
RMS of the BPM conters. Programs mast have the facility
to ignore broken monitors and corzectors. In addition it will
be necessary that the routines accommodate bardware offsets.
The reglon within the linac over which corraction occurs should
be variable according to the desires of the operater. From
the software developmant point of view, it is preferrable that
programs are moduler ac as to facilitate changes. Once the
system Is working, howe ver, streamlined software should be
implementad.

Online mathematical models of the SLC linae have been
developed for use with the ateering software. Principally, mod-
els were developed (0 generate elements of the beam tranafer
matrices necessary for orbit correction solkware. Originally, a
TRANSPORT deck of the linac was upduted to reflect current
magnet values and best estimates of the beam energy gain. The
outpus from running the deck was digested to extract the nec-
essary matrix elements. Magnet strengths {quadrupoles and
trol dutabase since the enrliest versions of the SLC control pro-
gram, Estimates of tha beam encrgy galn must be made offiine
and manually entered into a file via the touch panel system.
At present, COMFORT! ia used to mode] the linac. As in the
caze of TRANSPORT, & COMFORT deck is updated onfine to
reflect the current status of the machine, The chief reason for
switching to COMFORT is the speed ot which the VAX imple-
mentation suns. It s plunned in the future that COMFORT
wil) be wied in conjuction with GIANTY to perform orbit cor-
rection not only in the linac but in the vatious transport lines
of the SLC.

The beam steering algorithms which are being considered
can be broadly classified into two groups: those which cor-
rect e single beam, and those which ean handle both beamn
at once. Ultimately, the Iatter is coquired snd can be trive
inlly made to handle single beams as wall, At the present time
only ¢~ beams are available in the BLC portion of the SLAC
linac and efforts have goze into developing single beam correct-
ing software. This waa done so that working experience could
be gathered with the existing (und developing) hardware and
control software. Orbdit correction software has been weed to di-
agnose problems associated with both the model developments
and the installed equipment.
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The remainder of this paper ia uted to describe those al-
gorithms which have besn developed or are being planned. In
the following: A represeats the mesaured beam offect at the
its sacnitor, ¢ is the betatren phase at the j* location along
the linac, and 0y is the calcutated kick which muat be added to
the &** corrector for compeasation (AB) = 33.3365#;, where
AB; is the required change ia the £** corrector in XG-m when
E, the beam anergy, is in GeV and 85 I specified in radi-
ans). Throughout the taxt below, only the horisontal plane
i considered axplicitly; farmulation of the vertical problam
made through changw of the appropriate subacripts and su-

perscripts.
A SINGLE BEAM BUMP

For a beam displacement at the ith menltor, A, the cor-
sector kicke, #; with § w { = 1,4, and i + 1, required o canter
the osbit are given by

(Y &, o o \7'sa
( [ }=-( HYRE PR ) (')
bn/ R«'Eu-x Rd'-:u Ry 0

with the R!%, baing the {1,2) slements of the TRANSPORT
matrix between the mth corrector and the nth manitor. R13,
in defined as

i
j.L (%M) olnjar{da - dn)] for = > Em

LR

The correction may be expressed in matrix notatlon as
0= -c}.A.

wherein C* i the correction matrix sssociated with the ath
oonitor.

GCASCADED BEAM BUMPS

‘To correct orbit distortions in & series of monitors, single
beam bump corrections ure cascaded to ylald

0 =Tty

wherein #; = cotrection at the jth corrector, &y & reading at
the ith monitor, and Ty, = correction matrix. For se Yings at
k=i-1,5,+1 and ye=i, it ls seen that

&=—[Ch 00y + ChA;+ O A).

* Fer N monitors and correctors, the ahove leads to

Ta=0 if li-hl>2
or

Tit=—C}usay if li-kS2

and
where & is the ratio of beam energies st Jocations m and T =Twn =0,
i Sm and S, are the lattlce Sa at locations m and n; and
$a — ¢m in the betatron phase advance between the corrector
and monitor.
The matrices look like
[ O s Ty 0 0 ... [+] [ )] [\ I-9
[ 0O Ty Tis Thy 0 . o 0 0 0 Ay
H L% I TR TR R BT H H H ; H
oy 0 0 0 0 0 ... TvaanN-s Tn—aN-2 Tn-an- 0] | An-y
(Y] 0 0 0 0 0 ... TN,N-~3 Tn-y O Ay
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HARMONIC CORRECTION
Beam Jaunching errors can be handled by correcting the
component of free betatron oscillation in the downstream osbit.
A typical beam trajectory through the linac may be expressed
in terms of either position, z, or betatron phase ndvante, ¢,

J 5
X(@)=3 Al)b(s~2) <= X(9)=) A(WS(4~ ;)
=1 Jul

A new function x(¢) is defined aa:

X = Xig) % (o )4,
Fourier anslysis of x(¢) results in

x#) = Z‘z.:m sin(kd) + b cos(ke)}6 (¢ - #)
]

with o, = Im{A [ x(¢)e17*4dg) and b, = Re{A [ x(#)e* ¥ dg).
A is a normalisation factor, Corrector kicks #% and #) st lo-
cations m and n are selected to remove the kth harmonie of

(3)--(ce tk&i'“l“-))" (3):

" sinlkim) (f252) sinlkdn) .

In practice, only the 8zst harmonic, & = 1 is useful in centering
the beam. Harmonk correction han been used suzcessfully in
conjunction with castaded beam bumpa to canter beam trajec-
torha in the linae.
RMS TRAJECTORY CORRECTION®

For sirmultaneous correction of the positron and electson or-
bits we define A B hositron position at the ®b monitet; A7 =
electron position at the ith monitor; A7 = the positren de-
flection at the th monitor due 1o & kick at the jth cofrector;
—A5#; = the cloctron deflection at the ith monitor due to the
same kick at the jth corrector. In the horisontal plane Aj; =
electron TRANSPORT R}, Aj; = electron TRANSPORT R},
and A‘-"'-" =0z

In the case of M monitors and N ccirectors the orbit is
fiattened by minimizing the rma value of §:

M N N
S=Y UAY + Y AaL0) + (A7 - Y 4500%)
inl ] J=t
The solution to this probiem is given in matrix nctatfon as
= ~(ATA + ATAHATAY - AT

wherein A*7 and AT are the transposes of the positron and
electron cotrection matrices, A* and A4~

‘When only eleciron beams (or posityon besma asin the cane
of the positron returntine or south collider azc) are transported
through s region, the proper orbit correction solution i atill
given by the abave expression with A+ (or A™) set to gero.

STATUS AND FUTURE PLANS

Single bean bumps, cascaded beam bumps, and harmonic
correction sofiware has been written and succemsfully tested
using the ten sectors of SLC linae installstion. These steer-
ing programs have been used to check the hardware and to
test the linac model. Automated steering was used to generate
the correetor lattice which was used ib the Ten Sector Tests
of January, 1084,7 The handling of over-ranged correctors has
been problamatic. A partial solution Ia afforded through the
remaoval of Jaunching errors with fimt harmenic correction be-
fore cancading bsam bumpe. Because of the fluidity of the main
SLC control scftware, these progratns have not been released
{for everyday operations,

At presant, the primery programming effort with regard to
orbit correction is being directed toward the development of
GIANT. GIANT is & general program which will be ueed for
trajectory correction in the beam transport lines, collider ares,
and damping rings, as well as in the linac. For the linac, it is
expected that RMS correctian will be the principal algoritham
used. Harmonic correction will be called upon for launching
error compensation while Jocal bumps are reserved for hard-
wars checkout, Point to point steering la being considered an a
solution to the problem of transporting the first beam through
aline. Magic bumps will be useful during kyltron replacement
for rapid compensation of RF steering. The COMFORT mode)
must be extended to cover the full thirty sectors as well &3
the increased focusing which will be installed in the first three
ucm.l of the linac after beam reinjection from the damping
rings.
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