1August 5, 1998SLC Upgrades for the SLD ExtensionJ. E. Clendenin, F.J. Decker, M. Minty, N. Phinney P. Raimondi, K. Skarpass VIII, T. Usher, M.D. Woodley

IntroductionIn the 1997/98 run, the luminosity of the SLC was increased by a factor of four. Thisimprovement was almost entirely due to changes in operating procedures and toreconfiguration of existing hardware, as opposed to costly upgrades. The luminosityincreased steadily throughout the run reaching a peak of over 250 Z0/hour with over 5000 Z0sdelivered in the last 24 hours. This demonstrates that the SLC remains on a steep learningcurve and continues to provide valuable experience on the physics and operation of linearcolliders. Based on the knowledge gained in the last run, we believe that the luminosity canbe increased by another factor of three to four with modest hardware changes. These includemoving the final triplets closer to the interaction point (IP) in order to reduce backgroundsand allow higher angular divergence, a feedforward system from the linac to the IP to correcttransverse jitter, and a number of smaller improvements to further reduce the beamemittance. Current research on higher polarization photocathodes could also potentiallyprovide polarization in excess of 85%. The higher polarization together with an averageluminosity of 25-50,000 Z0s per week would support a significant physics program for SLD.These improvements would also allow the SLC to finally reach or surpass design luminosity.

Final Focus ModificationsWith the installation of octupoles in the final focus in early 1998, the minimum beam sizeachievable at the IP is no longer limited by higher order aberrations. The operationalperformance is determined by the maximum angular divergence that can be sustained withoutcausing excessive backgrounds in the detector. The primary source of background issynchrotron radiation emitted by the beam in the final triplets which scatters into thedetector. This can be greatly reduced by moving the triplets closer to the IP and increasingthe field of the first quadrupole of each triplet. In this configuration, the clearance across thetriplet would be increased by 20-30% in both planes. In addition, the synchrotron radiationswath would have a much shorter lever arm and exit more cleanly. This would allowoperation with more optimal angular divergences of 600 by 280 microradians, an increase of25% in the horizontal and 20% in the vertical. Taking into account the additional disruptionenhancement, the expected increase in luminosity is about 70%.The mechanical modifications required to move the triplets 71 cm closer to the IP have beeninvestigated and appear to be straightforward. One radiation shielding mask (M2) and thebeam position monitor between the triplet and the IP need to be removed, and the monitorreinstalled upstream. Turtle ray traces indicate that in the new configuration, the M2 mask isno longer critical and, if desireable, additional masking could be installed inside the triplets.The superconducting cables powering the triplets would be lengthened with a splice and astructural spool piece inserted. This would decrease the maximum retraction of the SLDdoors requiring some modification to the earthquake bracing and scaffolding. The choice of71 cm allows the SLD luminosity monitors to remain without modification although theirelectronics would need to be relocated. Spare power supplies are available for increasing thefield of the final quadrupoles.To take full advantage of the increased angular divergence and produce the smallest possiblebeams at the IP, it would also be desirable to reduce the residual aberrations due tosynchrotron radiation from the bends in the chromatic correction section (CCS) of the final

2August 5, 1998focus (FF). A softened bend configuration was partially implemented at the end of 1997using offset quadrupoles and steering dipoles. The radius of curvature can be furtherincreased by adding more bend magnets in the CCS. Suitable existing magnets have beenlocated and extra power supply channels are available so the only costs of this project aresupports, installation and cabling. The expected luminosity increase from both final focusupgrades is 120%.

Linac to IP FeedForwardDuring present operation, transverse beam jitter is typically 20-40% of the beam size in thelinac which causes a significant increase in the effective emittance. This can be reduced bydeveloping a system to measure the beam trajectory at the end of the linac and correct it withfast kickers near the IP. It is possible to make a correction on the same pulse by takingadvantage of the shorter communication path directly to the collider hall rather than thelonger path followed by the beams around the arcs. Such a system was considered for theSLC several years ago and a similar system is under study for the NLC. Either a simplemicrowave or optical link would be used to send a fast signal to the collider hall. A digitalsignal processor would calculate the necessary corrections from position monitor data in thelinac. Since the deflecting field needed is small, existing position monitors can be used assimple stripline kickers, driven by solid-state electronic pulsers.An added benefit of reducing the sensitivity to jitter is the possibility of using a better linaclattice. The present lattice is a compromise between jitter control and chromatic emittancedilution. Reduced transverse jitter would also improve the resolution of the final optimizationof the beams at the IP. The proposed feedforward system could increase the luminosity byabout 30%, assuming a 60-80% reduction in the present jitter.

Emittance ReductionSeveral smaller upgrades could reduce the emittance of the beams at the end of the linac by15-20% in X and Y for both electrons and positrons. These include an RF frequency shift toreduce the emittance from the damping rings, bellows shields in the ring to linac transferlines (RTL) and additional independent supplies for a few RTL magnets. Improved feedbackand steering methods would allow better optimization and stabilization of the linac orbits.Together these could increase the luminosity by 50-75% taking into account the additionaldisruption enhancement.In the damping rings, the horizontal damping time and equilibrium emittance can be reducedby increasing the horizontal partition number. This can be accomplished by modifying theclosed orbit to go off-axis through the quadrupoles in dispersive regions. To shift the orbit,one can either physically displace the magnets or change the accelerating frequency. A mid-store frequency shift allows full aperture for injection while reducing the emittance. This hasbeen tested in the both damping rings and a 15% decrease in the horizontal emittance wasmeasured for e+ and a 10% decrease for e-. More work is needed on the RF controls for afinal production installation.Two modifications are planned for the RTLs. A new optics was installed in 1997 to reducethe beam size in tight apertures where there were losses. Independent power supplies for afew quadrupoles near the end of the RTL would allow the flexibility to further improve theoptics. Wakefields from the bellows were identified as a source of emittance growth andsome of the RTL bellows were shielded during the 1997-8 run. This reduced the positronvertical emittance by almost 50%. Shields should be installed for the rest of the RTL bellows.With these improvements one can expect a 10% decrease in the horizontal emittance of both

3August 5, 1998beams, a 20% decrease in the electron vertical emittance, and about 5% increase inthroughput.

Higher PolarizationSLAC has an active research program on photocathode materials for future linear colliders.Two promising ideas will be tested in 1998 and could provide higher polarization for a futureSLC run. The two approaches under study are thinner epilayer cathodes or gradient doping.The GaAs/GaAsP strained layer cathodes should in principle have 100% polarization butonly 80% has been achieved. SLAC presently uses 100 nm layer photocathodes but lessdepolarization is expected if a 50 or 75 nm cathode can be found which is capable ofdelivering full SLC beam currents. Another possibility is gradient doping where high dopantdensity is used on the surface of the cathode to provide high quantum efficiency with a lowerconcentration in the bulk of the material to reduce depolarization. Some combination of thesetechniques has the potential to increase the polarization to a value of over 85%.

Compatibility with PEP-IIDuring the 1997-8 run, the SLC operated concurrently with PEP-II commissioning forperiods of a few weeks. Based on this successful experience, the projected interferencebetween the two programs has been greatly reduced. In particular, almost all SLC tuning andmachine studies are compatible with PEP injection. One critical problem was matching of thelinac lattice to the lower energy of the PEP extraction lines. A modified lattice was developedfor the High Energy Ring commissioning and proved completely adequate for bothprograms. A similar lattice has been developed for the Low Energy Ring which provides areasonable match in simulations. We are confident that the problem can be solved withoutthe need for additional hardware such as pulsed quadrupoles. An updated estimate of theimpact of running the two programs concurrently is 10% inefficiency for PEP-II and 15% forSLD. These numbers are sensitive to the exact strategy for PEP fills and could be improvedeven further, particularly if fast kickers were used for PEP injection.

Reliability IssuesHardware failures have had a severe impact on the deliverable integrated luminosity for SLDand will continue to be an issue for PEP-II. Refurbishment of the damping ring complexmagnets and of the positron source girders is already planned for PEP-II. However, SLCoperation requires higher performance from these systems and the higher current and dutycycle causes additional stress on many components. For PEP operation alone, the dampingrings might be reconfigured somewhat to improve reliability. For SLC the damping ringkicker magnets must be replaced more frequently due to radiation damage. SLC also requiresa rotating positron target, while for PEP-II, future spares could be less expensive stationarytargets.In addition, the polarized source and SLC beam delivery systems would require upgrades fora future SLD run. In particular, the Ti:Sapphire laser system is not required for otherscheduled programs and effort would be needed on development of some components suchas pulsers and Yag cavities for which replacements are no longer available. Manpower is alsorequired to support operation of the polarized source beyond the presently scheduled EndStation A experiments. Several arc and final focus systems have caused frequent problemsand need refurbishing. These include the arc tunnels and vacuum systems, final focus plugdoors, septum magnets and CCS quadrupoles, as well as radiation damaged components inthe beam switchyard. The total cost for SLC-related reliability projects, excluding polarizedsource manpower, has been roughly estimated to be 500K$. Some investment may berequired for electrical and utility work to support both programs.

4August 5, 1998Appendix A - Luminosity Improvements1998parametersFinal FocusimprovementsonlyEmittanceimprovementsonly2000parameters(All upgrades)I4.0 10104.0 10104.0 10104.0 1010exFF(10-5 m-rad)5.55.54.54.5eyFF(10-5 m-rad)0.90.90.70.7q*x(mrad)470600470560q*y(mrad)240280240260sxIP(mm)1.51.11.31.0syIP(mm)0.650.500.550.40Zn(Z/hr)10181526Hd1.92.22.32.4Luminosity(Z/hr)(cm-2sec-1)3002.8 10306305.8 10305505.1 103010009.3 1030Appendix B - Luminosity Upgrades(preliminary, detailed costs estimates not available)Decreased L* - move triplets closer to IP~$50KFast feedforward Linac -> IP~100KAdditional CCS bends to soften bend radius50KAdditional power supplies for RTLs, SLTR tuning40KDR RF frequency ramp to lower emittance20KHigher polarization cathodes (also NLC)20KFeedback system upgrades20KTotal<$500KAppendix C - Reliability Upgrades(preliminary, detailed costs estimates not available)Source Laser$150KArc vacuum chambers, pumps, valves90KArc tunnel maintenance20KFF Plug doors, controls and mechanical40KFF Septum coils and CCS quad refurbishment + spares90KFF kicker power supply redesign50KMisc. maintenance due to SLC requirements35KTotal~$500K