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We report various accelerator physics studies and improve-

ments from the 1997/98 run at the Stanford Linear Collider

(SLC). In particular, we discuss damping-ring lattice diag-

nostics, changes to the linac set up, fast control for linac rf

phase stability, new emittance tuning strategies, wakefield HELRIL AL

reduction, modifications of the final-focus optics, longitu- 0 0 o) o I S

dinal bunch shaping, and a novel spot-size control at the

interaction point (IP). Figure 2: (Left) the SDR optics from fit to the response ma-

trix after correcting the BPM position errors in the model;

1 DAMPING-RING LATTICE DIAGNOSTICS (right) the closed orbit at 16 QF magnets according to the

In 1997 the South Damping Ring (SDR) optics was CharacB_PMs and according to the variation in the fit gradients.

terized by an analysis of the measured orbit response matrix
with the program LOCO [1]. LOCO varies the individual e opiics in Fig. 2 (left) is still significantly different
gradients of the quadrupoles in a computer model (such 83, {he design optics. The model optics was fit to the

MAD [2]) t_o find the gradients that best reproduce the Me3neasurements by only varying the gradients in the model
surgd orbit response dahta. . ics for th _quadrupoles, and assuming that the beam was centered in
F'gufe 1 compares t e_deS|gn_o.pt|cs. or the SDR W'tlfhe sextupoles. Alternatively, we could also assume that
the optics derived from a first statistical fit to the measurefhe actual quadrupoles themselves have no gradient errors
response matrices. The agreement was poor, andthe .4 arribute the computed gradient variations entirely to

per degree of freedom was about 100. This plus the egiis oftsets in the adjacent sextupoles. In Fig. 2 (right),
treme variations in the fit model optics indicated some largg, . pit offsets so obtained are compared with the closed
systematic error. Subseq.uent inspection of the ri.n_g Showgthit measured at the BPMs adjacent to the 16 quadrupoles
that the longitudinal locations of many beam-position mong, yhe oF family. The good correlation indicates both that

itors (BPMs) were not correct in the model. Once they, o of the calculated gradient error is caused by the orbit

model was updated, the LOCO calculation gave the MOkg i sextupoles and that the fit optics shown in Fig. 2 (left)
reasonable optics shown in Fig. 2 (left). The convergengg , yeasonable representation of the true ring optics.
of model-based ring orbit correction also improved.
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2 EMITTANCE TRANSPORT

In 1997, a variety of new techniques were adopted in order
to preserve the small emittances from the damping rings.
For example, the beam loss in the ring-to-linac transport
line (RTL) was reduced by a new optics with larger mo-
LU . . mentum compaction factor [3], and a more robust lattice
Disance(m) Disance(m) [4] improved the chromatic and wakefield-induced emit-
tance dilution in the SLAC linac, while also ensuring com-
Figu_re 1: (Left? the design SDR optics; (right) qptics aCpatibility with PEP-II (B factory) operation.

cording to the first analysis of the response matrix. In previous years, one major source of linac instability
had been the poor control over the rf phases, most no-
*Work supported by the Department of Energy, contracts DE-AC03tably over the phase reference of the 30 linac subboosters

Machine Functions (m)

76?';005151333 DE'Fggé'zzgs“lc’;llf-G 23, Suitzerland (each driving a group of 8 klystrons). In 1997, a fast sub-
resent aaadress: s s eneva , Sdwitzerlan . . . .
 University of Massachusetts, Amherst, Massachusetts 01003. booster phasing algorithm was implemented [5] _by_ which

§ CERN, PS, 1211 Geneva 23, Switzerland the phases of all subboosters are measured within about

YCorresponding author 2 minutes. The energy variation induced by-a0° sub-



booster change is inferred from the orbit shift at high diserbit and rf phase stability. The improved emittances are
persion points in the beam switch yard (BSY) at the endocumented by their average and rms values, in Table 1.
of the linac. Fitting the observed dependence to a cosine
function determines the subbooster phase with a resolution

of about one degree S-band [5]. As an illustration of the 10
new phasing method, Fig. 3 shows a measurement of the
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Figure 3: Measured diurnal variation of the RF phase err ~e [10° m] (1996) ~e [10° m] (1997)
ror in degree S-band near the start (sector 3) and end (sec- e et e et
tor 29) of the linac. The opposite sign for sectors 3 and € oo | € oc € oo | €1 oc
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Table 1: Average emittances)(and rms variationd,),

routine application of two-beam dispersion-free Steerin%easured at the entrance to the linac (Li02), close to its end
bp : b . i28) and in the final focus, for two three-month periods
[8]. Here, the absolute orbits of the electron and posnroIn 1996 and 1997

beams as well as their difference are minimized, while
the strength of the orbit correctors is also restricted. In
1997, the dispersion-free orbit remained stable over sev-
eral months, with only occasional reference-steering onto
this orbit required to reestablish good emittances.

For the 1997/98 SLC run important changes were also ) ) ) )
implemented in the way the linac emittance is optimizedarly in 1997 it was discovered that the movable colli-
[9]. Early in the linac, where the energy spread is large, th@ators in the final focus were equipped with secondary-
emittance growth is dominated by dispersion. In this reemission (SEM) blades whose original purpose was to de-
gion the orbit bumps introduced for emittance control [10j€Ct béam loss and to assist in steering. The sharp-edge
may generate additional wakefield tails. In the later parts ¢flades were estimated to almost triple the collimator wake-
the linac the energy spread is small and wakefield-inducdgld [12], as seen in Fig. 5, and to increase the vertical IP

emittance dilution is more important. Tuning here has prcsPOt Size roughly by a factor 34 fora betatron oscilla-

In the past, the emittances were optimized utilizing wire

scanners located near but not at the end of the linac (afterln 1997, the IP beta functions were squeezed by increas-
about 90% of its length). Simulations showed that emiting the demagnification between the sextupoles and the IP.
tance growth of up to 100% can occur in the last 10% [11]This optics change should also reducepotential dilutions
For this reason, in 1997/98, wire scanners at the entrancaused by upstream wakefields or nonlinear aberrations.
to the final focus were used for emittance tuning. Figurémproved background control [14] allowed operation with
4 compares the rms variation of feedback setpoints whichhorizontal IP angular divergence 30% larger than in 1996.
control the linac orbit bumps, in 1996 and 1997. The figThe vertical divergence was similar to previous runs, albeit
ure shows an overall reduction in setpoint variation as #r a much smaller vertical emittance. Table 2 compares
result of the modified tuning strategy, and of the greatesome IP parameters for 1996 and 1997.

A second major breakthrough in linac operation was th

3 WAKEFIELDS AND IP DIVERGENCE
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Figure 5: Calculated transverse wakefield kick from colli-
mator jaws with and without SEM blades [12].

¢ =1mm (rms bunch length); a =1 mm (half aperture)

rla

0 i L I I I I I I
00 01 02 03 04 05 06 07 08 09 10

In the 1996 run, the limited resolution of the deflection
scans was estimated to be responsible for a 20-40% lumi-
nosity loss [18]. The situation was improved in 1997, when

30 i . . )
e b'ad\es an automatic dithering feedback was implemented [19]; see
0 1 Fig. 7. This feedback corrects the aberrations, one at a time,
Without blades as needed. It uses the signal from a beamstrahlung moni-

tor, which it correlates to step-up and step-down changes
of actuators. The new feedback stabilizes the IP tuning and
facilitates fast recovery after down periods.
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Table 2: Approximate average values of rms angular diveFigure 7: Distribution of incremental changes in the verti-
gences and IP beta functions for electrons and positrons.cal waist position over a three month period (a) during the
1996 SLC run; (b) in the fall of 1997 [20].

4 BUNCH SHAPING AND IP TUNING

The SLC luminosity depends on the longitudinal IP bunch > CONCLUSION

distribution. Utilizing the momentum compaction of theThe many new ideas described in this report demonstrate

arcs, this distribution can be varied by adjusting the nehe continuing importance of the SLC for developing and

linac rf phase, as illustrated in Fig. 6. understanding the techniques required for future linear col-
liders.
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