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ABSTRAGT 
In order to control omittance growth do* to transverse 

wshefields it mil be necessary to transport electrons and pos­
itrons threttgh the Stanford Linear Collider (SLC) l ine to 
within a hundred ftm of th* centers of the Unic Irion. Beam 
centering will be accompMdied using computer routinat to read 
etriplin* beam position monitoro and in turn cornet the «r-
bits with dipolt magnets. Several different steering algorithms 
hme been investigated using electrons in the first third of the 
SLC linac lattice. The meet promising scheme I* • cascade 
of modified •three-bumps" in conjunction with long ipunlni 
harmonic corrections. General futuree of the orbit correct­
ing loftware are discussed elont with the mathematical tecipea 
for correction. Experimental result* and a discussion of future 
plane are presented. 

INTRODUCTION 
Transverse wakefielde e n generated In the Stanford lin-

ear Collider (SLC) finac when the interne SLC bunches travel 
oft the axis of the accelerator. Wakefield* act witbin • single 
bunch to further displace the toil of that bunch with respect 
to its head. This displacement within a bunch causes an effec­
tive beam emiltance growth which subsequently reduces the 
luminosity at the Interaction Point. To keep the wakeoeld in­
duced omittance growth below 10% it fa necessary that beam 
trajectories wctam within 100 sun of the B u t irises.1 

Trajectory distortions In the accelerator arise from launch­
ing errors, RF steering, -uadrapole misalignment, position 
monitor (BPM) misalignment, and from extraneous magnetic 
fields. Magnetic errors will deflect positrons and electrons 
is opposite directions and can be compensated directly with 
dipole magnetic fields. RF errors will deflect both c + and t~ 
in the same directions as that magnetic magic bumps'1* are 
required for correction. 

The SLC linac is being Instrumented to permit the detec-
tiotraiidcoTractkHi of trajectory errors- Downstream of beam 
remjectkra from the damping rings, a beam position monitor 
and a pair of steering dipole magnets (horizontal ana vertical) 
have been installed for each quadrapole of the linos lattice. 
BPMs are clamped by the ejuadranolof to within 60 pm of the 
magnetic centers of the focusing elements. Thsquadrupolcsare 
manually aligned and lie within 100 jim of the linac axis. The 
corrector magnets straddle the accelerator structure, typically 
within 0.5 m of its associated quadripole-3PM assembly. The 
distance between a corrector pair and monitor is typically a 
«maU fraction of the spacing between adjacent monitors. When 
the lattice is adjusted for- SLC operation, there is 45* of beta-
tron phase advance between monitors through the first half of 
the linac; this phase advance decreases adiebetienRy to about 
26° between monitors by the end of the linac. 

' Work supported by the Department of Energy, contract 
DE-AC03-76SF0O51S. 

Automated beam steering is being developed fur the SLC 
linac. Several of the algorithms have been tested in the first 
third of the accelerator, which for the last year and a half has 
been instrumented with the SLC equipment. 

GENERAL FEATURES 
All autosUsring programs will be required to simuttane-

ously center both positron and electron beams to within 100 um 
RMS of the BPM centers. Programs mast have the facility 
to ignore broken monitors and correctors, b addition it will 
be necessary that the routines aecommsdete hardware offsets. 
The region within the linac over which correction occurs should 
be variable according to the desires of the operator. From 
the software development point of view, it is preferrable that 
programs are modular so as to facilitate changes. Once the 
system Is workingv however, streamlined software should be 
implemented. 

Online mathematical models of the SLC linac have been 
developed for use with the steering software. Principally, mod­
els were developed to generate element' of the beam tiaustn 
matrices necessary for orbit correction software. Originally, a 
TRANSPORT deck of the linsc w u updated to reflect current 
magnet values sad best estimates of the beam energy gain. The 
output from running the deck was digested to extract the nec­
essary matrix elements. Magnet strengths (quadrupeias and 
dipulss) hais linn atillsliV in rmliimlng mills fiimi lliunn 
tiol database since the earliest versions of the SLC control pro­
gram. Estimates of the beam energy gain must he made offline 
and manually entered into a file via the touch panel system. 
At present, COMFORT* is used to model the linac. As in the 
case of TRANSPORT, a COMFORT deck is updated online to 
reflect the current status of the machine, The chief reason for 
switching to COMFORT it the speed at Which the VAX imple­
mentation runs. It Is planned in the future that COMFORT 
will be used in conjuetlon with GIANT1 to perform orbit cor­
rection not only in the linac but in the various 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 can handle both beams 
at once. Ultimately, the latter is required end can be triv­
ially made to handle single beams as well. At the present time 
only e" beams are available in the SLC portion of the SLAC 
linac and efforts have gone into developing single beam correct­
ing software. This wu done so that working experience could 
be gathered with the existing (and developing) hardware and 
control software. Orbltconeeiionsoftv/sivtbMbcenvaedtodi-
agnoso problems associated with both the ntocU developments 
and the installed equipment. 
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The remainder of this paper is used to describe theee al­
gorithms which have been developed or are being planned. In 
thefbHowmg: A< represents the resumed beam orTirt at the 
t * monitor, 4t is the betatron phase at the j * location along 
the liiiac,aiid#ti*tWcakttlat*dkidi whkh inaat be added to 
the f* corrector far coapeMation (Af t = S&SWBfk where 
AJBt h the required dung* in the * " corrector in IG-m when 
£ , the beam e w p , is in GeV and e\ is verified in radi­
an*). Throughout the text below, only the horiaoaUl plane 
ii considered explicitly; tesBuatien ef the vertical problem ie 
made through changes of the appropriate nWripU and su­
perscripts. 

A SINGLE BEAM BUMP 
for a beam displatiiasaf at the Mb monitor, A«, the eor-

nctor hkke, 9f with $ »t-1,(, and i +1, required to canter 
the orbit are given by 

/*v.\ f*8-i ° • \ " ' / M 
». | - - U R W . . »&* ° ° 

with the / & being the (1,3) elements of the TRANSPORT 
matrix between the with corrector and the nth monitor. JJjJ, 
la defined aa 

RE.= ( | jAA.)* • l n | a r ( d . - 4 . ) ] }«t *%>*m 

where £ it the ratio of beam energies at locations m and 
nj fim and p% an the lattice fit at location! m and K, and 
eV - 4m ia the betatron phase advance between the corrector 
and monitor. 

The correction may be expressed in matrix notation ae 

wherein C* • the correction matrix amadaUd with the Ah 

CASCADED BEAM BUMPS 
To correct orbit dietortiora in a eerier of monitors, single 

beam bump corrections a n cascaded to yield 

», = J)lA, 

wherein #,• • correction at ibejth corrector, A* B reading at 
the Ah monitor, and fy H correction matrix, lot n >ings at 
k=i-l,i,i+l and >=i, it ie seen that 

h = -{cJr'&i., + cj,*,+eft»«w). 

For S monitors and correctors, the above leads to 

or 

T H = T J V W a 0. 

The matrices look like 

' U /o T„ r„ o o 
». „ 

o T M r» r n o 

#W-I 0 0 0 0 0 

1 •* J ,0 0 0 0 0 

0 0 \ / A, \ 
0 0 Ai 

TK-IJI-3 2V-I,N-I 2V->,«r_j 0 
0 r«,w-i ri»,w_, oy V Am / 
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HARMONIC CORRECTION STATUS AND FUTURE PLANS 
Beam launching errors c u be handled by correcting the 

component of free betatron oscillation in tin downstream orbit. 
A typical beam trajectory through the linac may be expressed 
in terms of either petition, r, or betatron phase advance, d>, 

J J 

i-i *-l 

A new (unction xW »• defined at: 

Fourier anetyeis of x(4) nanlu in 

i • 

with o* = lm{ A / x M e - W o ? ) and », = Rt{A f x(*)« + y W «V}-
<4 is a normaliiation factor. Corrector kicki #£, and #J at lo­
cation* m and n an aelected to remove the Jbth harmonic of 
betatron otciilation from tin beam trajectory: 

In practice, only the Srat harmonic, k = t ia useful in centering 
the beam. Bumonk correction h u been uaad successfully in 
conjunction with cascaded beam bumpt to canter beam trajec-
torivi in the linac. 

SMS TRAJECTORY CORRECTION* 
For sinrohaneoae correction of the positron and electron ee-

bita we define A* B positron position at the Ah monitor; AT = 
electron position at the (th monitor; Al4j s the position de-
nectkm at tbeith monitor due to a kick «t the >U> corrector, 
-A'jtj = the electron deflection et the Ah monitor doe to the 
same kick at tha jth corrector. In the horliontal plane AjJ -
electron TRANSPORT « J , A£ = electron TRANSPORT R$, 
and A*~ = £>&•*(>*,. 

In the case of M monitors and N cctrectora the orbit U 
flattened by minimising the rma value of 5: 

af AT ti 

s=E«A?+5>3#,)*+(A- - jx*,,*}. 

The solution to this problem is given in matrix notation as 

tj = -{A^A* + A-TA-)ji{**T&* - ii"T A_)» 

wherein A*T and A'T are the transposes of the positron and 
election correction matrices. A* and A~. 

When only electron beams (or positron beams an in the cane 
of the positron rtturslvne or south collider arc) are transported 
throuih a region, the proper orbit correction solution is still 
giren by the above espresskm with A + (or A") act to aero. 

Single beam bumps, cascaded beam bumps, and harmonic 
correction software ha» been written and sncceasfoUy tasted 
using the ten sectors of SLC Bnae Installation. These steer­
ing programa have been need to check the hardware and to 
test the bmac model. Automated ateermg was nsed to generate 
the corrector lattice which was used in the Ten Sector Tests 
of January, IBM.* The handling of over-ranged correctors has 
been problematic, A partial solution it afforded through the 
removal of launching errors with fint harmonic correction be­
fore cascading beam bumps. Because of the fluidity of the main 
SLC control software, these programs have not been released 
for everyday operations. 

At present, the primary programming effort with regard lo 
orbit correction ia being directed toward the development of 
GIANT. GIANT la a general program which win be used for 
trajectory correction In the beam transport lines, collider arcs, 
and dwnplng rings, a* well aa in the linac. For the linac, it ia 
expected that RMS correction will be the principal algorithm 
uaad. Harmonic correction will be called upon for launching 
error compensation while local bumps are reserved for hard­
ware checkout. Point to point steering is being considered aa a 
solution to tha problem of transporting the first beam through 
aline. Magic bumps will be useful during kyletran replacement 
for rapid compensation of RF steering. The COMFORT model 
must be extended t« cover the full thirty sectors a* well as 
the increased focusing which will be installed in the first three 
sectors of the linac after beam reinjeetion from the damping 
rings.* 
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