FIRST OPERATION OF THE UPGRADED SLAC A-LINE*R. Erickson, S. Anderson, A. Baker, S. DeBarger, T. K. Inman, R. Iverson, H. Smith, M. Stanek, J.Truher, Stanford Linear Accelerator Center, Stanford, CA 94309 USAABSTRACTThe SLAC A-Line has been upgraded to transportelectrons to fixed target experiments in End Station A(ESA) with energies up to 50 GeV. From Septemberthrough November, 1995, this beam line wascommissioned and used to deliver 48.36 GeV polarizedelectrons to Experiment E-154 at 120 pulses/sec and upto 1011 e-/pulse. The beam had a full widthmomentum spread of less than 0.5 percent, and wasfocused to a small spot (s = 0.7 mm) at the target. Inthis paper we describe the first operational experiencewith this new beam line. 1˚˚INTRODUCTIONThe A-Line, one of the two original beam transportsystems at SLAC, was designed some thirty years agoto deliver electron beams from the linac to fixed targetexperiments in End Station A [1]. As originallyconfigured, the A-Line could transport beams up to amaximum energy of approximately 25 GeV, which wasslightly beyond the capability of the linac at that time. The development of higher-power klystrons and RFpulse compression techniques have more than doubledthe beam energy available from the linac. Short-pulsebeams of 47 GeV are routinely and reliably producedfor colliding beam experiments, and energies up toabout 52 GeV are within reach. These beams signifi-cantly expand the kinematic region open to explorationin fixed-target experiments. In addition, newtechniques for producing polarized beams andpolarized targets have opened new possibilities forexploring the spin structure of both protons andneutrons. Experiment E-154, designed to measure theneutron spin structure function, required alongitudinally polarized electron beam with as high anenergy as could be reliably delivered. 2˚˚THE ORIGINAL A-LINEThe A-Line, which was designed to function as afirst-order energy-defining spectrometer as well as atransport system, guides the beam through a total bendangle of 24.5 degrees. The first 0.5 degree bend wasoriginally provided by a set of five pulsed magnetswhich offered the option of directing beam pulses downany one of four beam lines on a pulse-by-pulse

* Work supported by Department of Energy contract DE—AC03—76SF00515.switching basis. The next 24 degrees were provided byeight large conventional dipole magnets, each threemeters long, consisting of water-cooled copper coils onsolid iron cores [1]. A quadrupole doublet upstream ofthe dipoles brought the beam approximately to a focusat a high-dispersion point midway along the string ofbend magnets and 180 degrees in betatron phase fromthe pulsed magnets. A high-power adjustable slit at thisposition was then used to define the desired energyspread. A symmetry quadrupole near the slit restoredthe dispersion to zero following the last dipole, whichwas followed by another doublet to vary the spot sizeand angular divergence at the target. A third doubletwas available for added flexibility in manipulating thebeam characteristics at the target.The A-Line upgrade began in 1993 with thereplacement of the power supplies and themodernization of the control system. The new powersupplies had sufficient capacity to drive the magnetsthat were anticipated for the 50 GeV design. Thecontrol system upgrade involved replacing the originalhard-wired controls and diagnostic equipment with newinterface electronics for the power supplies, adjustablecollimators, and beam position monitors (BPMs).With this new hardware, the powerful control systemsoftware developed for the SLC could be used for A-Line running.Experiment E-154 was successfully carried outbetween November, 1993, and February, 1994, with along-pulse (unSLEDed) beam at 29.1 GeV. This wasthe highest energy that could be transported throughthe A-Line, as limited by the temperature rise in thebend magnets.3˚˚THE 50 GEV UPGRADEThe original A-Line was dismantled and removedfrom the Beam Switchyard in February and March,1994. Over the course of the following year, themagnets were modified and tested, and new vacuumchambers and special instruments, including asynchrotron light monitor, were fabricated. Many ofthe original components, including the BPMs, profilemonitors, and nearly all the mechanical supportstructures, were refurbished and incorporated into thenew system. Installation of the upgraded beamline wascompleted during the following year’s shutdown periodfrom April through August, 1995.The positions and angles of the incoming andoutgoing beams are the same as in the original 25 GeVconfiguration, and the two massive high-power collimators, D-10 and SL-10, were left in their originalpositions. A pair of DC magnets was added to providethe first 0.5 degree bend.The eight original dipole magnets, along with fiveidentical magnets, were modified to increase theirstrengths by reducing their pole-to-pole gaps from 60mm to 46 mm. This was done by installing steel shimplates under the pole pieces [2]. This gap was chosento provide the necessary magnetic strength whilemaintaining a beam stay-clear of at least three sigmafor a 5 GeV beam. One magnet, with characteristicsthat most closely matched the average of the othertwelve, was designated as the reference magnet, andwas equipped with a flip coil and powered in serieswith the beam line magnets.The magnet coils were originally cooled with lowconductivity water (LCW) from a system capable ofsupplying approximately 12 gallons/minute to eachmagnet. As part of this project, the plumbing systemwas upgraded to provide LCW at nearly twice theoriginal pressure, resulting in a pressure drop ofapproximately 210 psi and a flow of about 20gallons/minute in each magnet. At 48.36 GeV, themagnet current was 966.7 amps, and the temperaturerise was approximately 16� C.