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Abstract (HER) at the same time. Bulue toits big strength it

changed some of the tuning procedures in the front part of
An important contribution to thecreaseduminosity  the linac (see low).

of the SLAC Linear Collider (SLC) in 1997/98 due to
improved performance ofhe linac. New tuning and SLC linac matched to LER: Phase per Cell.
stabilization strategies haveducedthe emittance growth T T T 150
to nearly negligible values (<10% in x and <30%)nA Average dob ] 1[2)2
stronger lattice has less sensitivity wakefields. A new s
orbit correction schemand a differentemittancetuning 5
procedure reducehe emittance growth further. The -
stability is improved by counteracting diurnal changes and o E ! ! ! ! ! 0
additionally checkingklystron phases. The jitter of the _ ™ F ' ' ' ' ' o
beam is monitored by analyzing tifT spectrum for < £ 100
sources andteeping itundercontrol. Careful attention is & s £ 75
paid to the longitudinal setup from the rings to provide ag so £ A 50
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1 INTRODUCTION

The SLC has just completed the most successful run in
history with over 350,000 Z'sdelivered tothe SLD 3 ORBIT CORRECTION

detector. Here we descriliee changes in linaprocedures The two beam dispersioriree steering (TBDFS)
which contributed to the significantperformance  g|gorithm [2] was implemented in the on-line software (as
Improvement. SVD steering), whichspeeded uphe steeringprocedure
considerably. Additionalbn-line weighting possibilities
between corrector values aatisolute orbitmeasurements
2 STRONGER LINAC LATTICE with BPMs adjusted to reduce fighting correctors at
A stronger betatron latticiacreaseghe effective BNS places, where probably false BPMdata give a wrong
damping. This isgood for wakefield tails and stability, trajectory. After this steering the emittances atehé of
but it needs some attention not toincrease the the linacwereabout half the values (ig) compared to
chromaticity of the lattice. Fig. 1 shows thghase former years, 6 (1 iny)[0° m-radinstead of 8 (2 in
advanceper cell of a lattice, which would be compatibley)10™° m-rad.
with PEP2 (B-factory) running, where alower phase
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Figure 1: Phase advance of the 110°/cell SLC lattice.

advance is necessary foratching into the PEP#ansfer 4 NEW EMITTANCE TUNING
lines. The original SLC design lattice started withrease STRATEGY
advance Ofgoo/Ce” tl” a dIStanCE 0f400 m and then After Steerlng, the emlttances have to be furthduced

76°/cell. This wasncreased tal10” inx till 500 m and by tyning, which is done by introducing betatron
then slowly reduced to 75°/cell in tmeiddle ofthe linac.  ogcillations over a part of the linac tmncelwakefield

For the highenergy extractiopoint for PEP2 (950 m) tajis [3]. The measured emittance near the end of the linac
the strengthhad to bereduced toits original value \yere normally minimized in the past.

(75°/cell). The 300 m point for the lognergy extraction In 1997/98 thewire scanners neathe final focus
point for PEP2 is also shown, but was imaplemented pecame more reliable and trustworthy, and it wlserved

for the 1997/98 run. Irelectrony the lattice is about that there are sometimes inconsistencies with the
10°/cell weaker to create a split tune lattice, so that longheasurements near the end of the linac. Optimizing in the
range wakefielddrom the positrons (first bunchjlon't  fina| focus gave always reasonable (20-30%) emittances in
drive the electrongsecondbunch) [1]. The lattice was an the linac, while optimizing near thend ofthe linacgave
instant success, providing good beams for 3hGPEP2 5 to a factor ofwo worse emittance in the final focus.
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Therefore webegan optimizing beam sizesarthe final Positron Emittance in Li02:——, Li28:__, FFO1:_.

focus where it counts, by making linac bunigtweenz =177 T KT
= 1800-2300 m fok andz = 2300-2600 m foy. 1NN B RN RN s |
Another difference isactually somewhat controversial g I oo /| I “”ﬁm }W
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and not understood indetail. By tuning the emittances |EO'8 | ikl ]\w . ‘:ﬂ?;jﬂ_‘)‘;‘\e“
locally at many places along the linac, it bslieved to A i y ‘[‘\"“%\H
get the best emittance preservatidherefore we tried to ._h_ 06l i ‘
localize acceleratorstructure offsets by taking BPM g - )
difference orbits for various bundéngthsandcalculating 5 |
the mostprobablekicks. Fig. 2 shows the resulihere E 0.4t I L]
there was a 1.5 mm bump at z = 550 m, but aisoy W [ I
unkown kicks. £ |
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Figure 3: SLC emittance from March to May 98.

The positrony emittance is plotted which is the
smallest emittance at the beginning of the linac (Li02).
Often no increase is seétl the end ofthe linac (Li28),
while there is some expected growth through the ARCs to
the final focus (FFO1).
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5 BEAM JITTER AND DIURNAL
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Linac z [m] The variations in the bearparameters were much
Figure 2: Calculated structure misalignment from  reduced in the 1997/98 run. Here two effects are especially
observed difference orbit for different bunch length.  worth mentioningand discussed in detail in separate
papers. The fast pulse-to-pulse variation or beam jitter is
Originally we tuned at least in the first thieshd at the due to differentsources of similar strength [4]: 59 Hz
end of the linac, where there are wire scanners installed {gater pumps, 10 Hz support vibratiorpower supply
emittance measurement. The orbit oscillations in the frofpple, feedbacks andmicrowave instability in the
were fromz = 500-1000 mandtests ineven earlier parts damping ring.
of the linac £ = 100-500 m) were not very effectivence The day-night changes [5], which are maidlye to the
in that region theBNS-damping is scstrong that it is (f distribution systemyere checkedrequently by a fast
close to the auto-phasing condition. This means that tiasing (2 min) of the 30 subbooster klystrons [6]. The
wakefield kick due to an offset in the accelerator structurefiobal daily changewas counteracted by deedforward
is canceled on averagéth the dispersivekick due to an  system, whichmeasuresthe temperatureand corrects
offset in thequadrupoles andhe big correlated energy |inearly the subbooster phases [5,7]. On top of this global
spread of up to 3%0f). change theravere many local problems of 10°-20° of
Since the lattice inz = 500-1000 m got up to 45% individual subboosters whiclere found bythis fast and
stronger (110°/75° per cell), the usual orbit oscillationherefore frequently used subbooster phasing.
techniquewas lesseffective, requiring bigger amplitudes,
since thewakefield anddispersive effects nearly cancel. 6 LONGITUDINAL PHASE SPACE
This is a less stable solution, since energy profile change
along the linacaffect the dispersive parbut not the . " : L
wakefields. For stability reason and even better emittanc@ is very critical .to get' theh!ghest Ium|.n05|ty
. . nhancement athe interaction point (IP). With the
at the end, the front end tuning was abandoned, which alzd P

Slightly higher current and the much better beam spots at
freed upoperators for other tasks. Tiperformance over : . .
. - ... the IP the disruptiomnhancementvas as high as 100%.
time can be seen in Fig. 3 for the smallest SLC emittan

) Yhis factor of two in luminositycan beeasily reduced by
v a small change ofthe linac bunch length. A nominal
1.2mm @) length gives the smallestnergy spread
(<0.1%) at theend ofthe linac, which therdoesn't get
compressed irthe ARCs Ry = 150 mm). A shorter

SThe setup of the longitudinal phaspace inthe linac
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bunch (0.9 mm) would have a biggenergy spread jitter goes updue to less BNS damping fronsitting
(>0.2%) which would give an additional 0.3 mm (= 0.2%urther off the crest. The energpread is adjustetvide”
1150 mm) ARC compression resulting irma= 0.6 mm  (for a short bunch) to pull in theenergy tails. The

bunch length at the IP with a much reduced enhancememieasurednot the effective) beam size at the IP looks
It seems obvious to run with the right bunch lengthhetter [9], and beam strahlung signalsncrease too,
but a shorter bunch has mangeal and apparent indicating more luminosity. But the ratio ofreal
advantages. The transverse emittance preservateasiesr luminosity in the SLDdetectordivided by the predicted

for a short bunch due to less wakefields, although tHaminosity whichincludesthe enhancement fora 1 mm
long bunch is less than one. Many times when thi®

s Linac RF with Longitudinal Wakefield droppedbelow 80% for more than a day, wead to

lengthen the bunches @ncouragethe operatorsiot to
25[; 7 run the energyspread “wide” by adjusting theinjected
ol |/ phase more to the cresiee—6° in Fig. 4). This mostly

required a new tuning setup of the emittances afterwards.

7 SUMMARY

Several improvements of the SLC linabave
contributed to the outstanding performance of Sh&€ in
the 1997/98 run. The move of the measurement part of
4 the quantitative emittance tuning to the final focus has
helped tomaintain thepeak luminosity increasing the
emmm T average.The bunch length controénsuredthe high
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151 1 disruption enhancementAnd the jitter or variation
[P I S ‘ ‘ reduction allowed afinal focus setup highemangular
R * divergences, till again the background due to jitter was the
limiting factor.
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correlation which changes the IP bunch length by 20%.
The beam distribution igenerated byover-compression.
The lower plots show the energy distribution on the right.
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