{PAGE }SLAC—PUB—7517May 1997SLAC ACCELERATOR OPERATIONS REPORT: 1995-1997*R. Erickson, C.W. Allen, S. Anderson, W. Linebarger, M. Stanek,Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309 USAAbstractOperational statistics for the linear accelerator programs at SLAC are presented,including run-time records for SLC and the fixed-target programs. Also included aresummaries of reliability and maintenance-related statistics.Contributed to the 17th IEEE Particle Accelerator Conference:Accelerator Science, Technology, and ApplicationsVancouver, Canada12-16 May 1997

* Work supported by Department of Energy contract DE—AC03—76SF00515.

{PAGE }SLAC ACCELERATOR OPERATIONS REPORT: 1995-1997*R. Erickson, C.W. Allen, S. Anderson, W. Linebarger, M. Stanek,Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309 USAAbstractOperational statistics for the linear accelerator programs atSLAC are presented, including run-time records for SLCand the fixed-target programs. Also included aresummaries of reliability and maintenance-related statistics. 1˚˚PROGRAM CHRONOLOGYThe SLAC linear accelerator programs and hardwarereliability statistics for January 1992 through March 1995were presented in Reference [1]. This paper extends thatanalysis through April 1997, for the periods of linacoperation summarized in Table 1. Scheduled off times inthis table were relatively long periods needed for majorinstallations and upgrades. Time periods when theaccelerator was off for holidays are not listed. ESA runs were periods when polarized electrons weredelivered to fixed-target experiments E154 and E155 in theEnd Station A experimental hall. The ESA run in 1995was the first to use the A-Line transport system followingits upgrade to full 50 GeV capability, and is described ingreater detail in Reference [2]. The FFTB runs wereperiods of low repetition rate (30 Hz) operation in whichdamped electrons were delivered to the Final Focus TestBeam facility for experiment E144. SLC machinedevelopment included extended periods of pre-run systemturn-on, new system commissioning, and experiments tocharacterize and improve the performance of variousaccelerator systems. SLD logging refers to periods ofSLC operation dedicated to producing Z particles with theSLD detector on and recording data.During the period from August 12 to 19, 1996, theprimary beam was delivered to ASSET, a station in thelinac tunnel downstream of the damping rings used fortesting prototype accelerator structures. This program,which was intended to develop the testing facility as wellas to test an actual prototype structure, was essentially aweek of continuous tuning and machine studies. TheASSET test, while considered very successful, is notdiscussed further in this paper because of its short durationand because it offers little additional insight into theoverall reliability of the accelerator facility. In addition to the primary programs discussed in thispaper, a parasitic electron beam was operated for parts ofMay and June, 1996, during the SLD run. This beam,

* Work supported by Department of Energy contract DE—AC03—76SF00515.which was generated by converting bremsstrahlungradiation from linac collimators when the SLC wasoperating, had no adverse impact on the primary programand is not reflected in the statistics presented below. Thegoal of this program was to characterize the parasiticelectron beam, including measuring the achievable fluxand energy range, for use in future applications. Time periodProgram 1 Apr 95 - 10 Sep 95Scheduled off. Rebuild A-Line. Install PEP e- injecttransport line.11 Sep 95 - 30 Sep 95Check out / turn on at 30Hz. 1 Oct 95 - 30 Nov 95ESA run - E154.10 Dec 95 - 23 Dec 95FFTB run - E144. 2 Jan 95 - 10 Feb 96SLC machine development.12 Feb 96 - 31 Mar 96NDR fire and recovery. 1 Apr 96 - 31 Jul 96SLD logging. 1 Aug 96 - 12 Aug 96FFTB run - E144.19 Aug 96 - 3 Feb 97Scheduled off. Prepare forfixed target program.Install PEP positron injecttransport line.4 Feb 97 - 28 Feb 97Turn on, commission A-Lineand PEP e- inject line.1 Mar 97 - 30 Apr 97ESA run - E155.Table 1. SLAC program chronology April 1995 throughApril 1997.2˚˚TIME ACCOUNTINGTime accounting records were kept by the acceleratoroperators, who recorded the number of hours devoted toeach of the categories in the first column of Table 2 at theend of each eight hour shift. The experimental runssummarized in this table included only the time periodsdedicated to logging data in the indicated detector andexcluded pre-run turn on and commissioning time. Therun periods began when the accelerator and the detectorwere ready to begin production data collection andcontinued until the detector was scheduled to shut down.The SLC/SLD program in 1996 was originally scheduledto begin in February; however, a fire in the northdamping ring vault delayed this program while repairswere made, and useful luminosity was not delivered to theSLD detector until April. For purposes of this paper, we

{PAGE }have taken April 1 as the scheduled starting date and havenot included the time period in February and March 1996in computing the run statistics presented below.Table 2. SLAC primary linac program run timeaccounting 1995-1997.The "experiment logging" category is defined as thetime when a suitable beam (or colliding beams) wasavailable to the scheduled experiment, and the detectorequipment was active and recording data. Machinedevelopment in Table 2 included brief (<1 day)interruptions to data logging, usually dedicated tomeasuring accelerator system parameters andimplementing improvements. The extended periods ofscheduled machine development work listed in Table 1 arenot included here. Alternate programs were brief tests orexperiments scheduled on short notice when the primaryprogram could not be carried out as planned. Thistypically happened when some accelerator subsystemcritical to the primary program was undergoing repairswhile other accelerator systems, such as the injectorsystem and the electron damping systems, were operatingnormally. During the ESA runs, most of the alternateprogram time was used for testing and commissioning thenew PEP electron injection transport line.Tuning is defined as any time when no specifichardware or software systems were known to bemalfunctioning, yet the beam properties did not meet therequirements of the scheduled program. Typically thiswas the time spent by operators and accelerator physicistsmeasuring and correcting beam parameters. Unscheduleddown time was logged when a system or componentfailed, rendering the beam unusable for either the mainexperiment or an alternate program. Scheduled offrepresents planned interruptions to the primaryexperimental program, typically for maintenance andminor upgrades or for adjustments to existing systems.The extended scheduled off periods shown in Table 1 arenot included here, nor are holiday periods.The improvements in beam polarization achieved in1993 - 94 proved invaluable for the programs in the timeperiod reported here. The polarization delivered to theESA experiments was typically 82 to 83 percent. Thepolarization delivered to the SLD experiment was slightlydegraded by the more complex transport system (includingthe SLC electron damping ring and arc), but was typically73 to 79 percent at the collision point. During the 1996SLC run, approximately 52 thousand Z particles wererecorded by the SLD detector. This corresponds to anaverage luminosity of 39.6 Z’s per hour, although thepeak luminosity improved over the course of the run, andat times reached 100 Z’s per hour.3˚˚HARDWARE RELIABILITYHardware availability, defined here in terms of timewhen the accelerator hardware is not broken, is a measureof the overall reliability of the accelerator systems neededto carry out the accelerator program. The hardwareavailability, mean time to failure, and mean time to repairare listed in Table 3 for each of the major acceleratorprograms. These quantities are defined as follows:Availability = 1- (Downtime / Scheduled Operating Hours).Mean Time To Failure (MTTF) = Sched hrs / # of Failures.Mean Time To Repair (MTTR) = Downtime / # of Failures.Table 3. SLAC hardware reliability summary.Hardware failures as defined in this section are thosefailures that noticeably interrupt or impede a scheduledrunning program and do not require testing or inspectionsto locate. As these data indicate, the hardware availabilitywas consistently better during ESA and FFTB operationthan during SLC operation. This was mainly because theESA and FFTB programs required only electrons (nopositrons) and thus required fewer active devices. SLCand ESA data from Reference [1] for 1993 and 1994 arealso included for comparison.ESA 95FFTB9 5 SLD9 6 FFTB9 6 ESA9 7 Exp’tLogging70%54%45%60%63%MachineDevelop.1%5%12%3%3%AlternateProgram4%3%3%5%7%Tuning8%7%14%10%5%Unsched.Down10%24%23%16%11%Sched.Off7%8%3%6%11%TotalHours146533629272881463AvailabilityMTTFMTTRSLC 199382.8 %7.71.3SLC 199480.7 %8.51.6SLC 199679.0 %10.72.2ESA 199393.3 %12.70.9ESA 199592.0 %21.21.7ESA 199789.4 %10.91.2FFTB 199583.6 %15.62.6FFTB 199683.7 %16.02.6

{PAGE }The availability values are significantly higher thanthe experiment logging values in Table 2. For the SLDprogram, this difference arises primarily because of thesubstantial time required to tune the SLC and to carry outthe machine development activities needed to meetperformance goals. For the ESA experiments, thedifference is due almost entirely to the time lost when thetargets were unable to accept the beam. ExperimentsE154 and E155 both used sophisticated polarized targetsthat required frequent attention for maintenance andprocessing, sometimes scheduled, and sometimes not.The time when the targets were unavailable is countedunder a combination of the other categories in Table 2.During target interruptions to E155, the PEP injectionline was tested (alternate program), the linac pulse lengthwas stretched (machine development), and safety systemswere tested and certified in preparation for SLC and PEPoperations (scheduled off).4˚˚ACKNOWLEDGMENTSWe gratefully acknowledge the contributions of themany engineers and technicians who maintained theaccelerator facilities under a demanding schedule, andespecially the staff of the Accelerator Operations group fortheir round-the-clock attention to SLAC’s acceleratorprogram. REFERENCES[1]�SLAC Accelerator Operations Report: 1992-1995�, R.Erickson, C.W. Allen, T.K. Inman, W. Linebarger, andM. Stanek, SLAC-PUB-95-6895, May 1995. Presentedat 16th IEEE Particle Accelerator Conference (PAC 95)and International Conference on High EnergyAccelerators, Dallas, Texas, 1-5 May 1995.[2]�First Operation of the Upgraded SLAC A-Line�, R.Erickson, S. Anderson, A. Baker, S. DeBarger, T.K.Inman, R. Iverson, H. Smith, and M. Stanek, SLAC-PUB-95-7177, October 1996. Presented at the FifthEuropean Particle Accelerator Conference (EPAC96),Barcelona, Spain, June 10-14, 1996.