SLACÐPUBÐ7893July 1998Super-ASSET: A Technique for Measuring and Correcting Accelerator Structure Misalignments at the SLCF.-J. Decker, R. Assmann, M.G. Minty, P. Raimondi, G. StupakovStanford Linear Accelerator Center , Stanford University, Stanford, CA 94309 USAAbstractTransverse wakefield kicks from misaligned accelerating structures in the SLC linaccontribute significantly to emittance growth. If these kicks could be measured directly,it would be possible to align and/or steer the beam to a kick-free trajectory. In theAccelerator Structure Test Facility at SLAC, ASSET [1], the kicks due to a drive bunchare measured with a witness bunch at varying bunch separations. In ASSET, the firstbunch is discarded and only the second bunch is measured. Super-ASSET is anextension of this technique where both bunches are accelerated down the entire linactogether and a "sum trajectory" of both bunches is measured with beam positionmonitors (BPMs). The trajectory of the second, kicked bunch can be calculated bysubtracting the orbit of the first bunch, measured alone, from the sum trajectory. Thispaper discusses BPM response issues and the expected resolution of this techniquetogether with alignment and steering strategies.Presented at the Particle Accelerator ConferenceVancouver, B.C., Canada12-16 May 1997

Work supported by the Department of Energy contract DE-AC03-76SF00515.

Super-ASSET: A Technique for Measuring and Correcting Accelerator Structure Misalignments at the SLCF.-J. Decker, R. Assmann, M.G. Minty, P. Raimondi, G. StupakovStanford Linear Accelerator Center , Stanford University, Stanford, CA 94309 USA

Work supported by the Department of Energy contract DE-AC03-76SF00515.AbstractTransverse wakefield kicks from misaligned acceleratingstructures in the SLC linac contribute significantly toemittance growth. If these kicks could be measured directly,it would be possible to align and/or steer the beam to akick-free trajectory. In the Accelerator Structure TestFacility at SLAC, ASSET [1], the kicks due to a drivebunch are measured with a witness bunch at varying bunchseparations. In ASSET, the first bunch is discarded and onlythe second bunch is measured. Super-ASSET is anextension of this technique where both bunches areaccelerated down the entire linac together and a "sumtrajectory" of both bunches is measured with beam positionmonitors (BPMs). The trajectory of the second, kickedbunch can be calculated by subtracting the orbit of the firstbunch, measured alone, from the sum trajectory. This paperdiscusses BPM response issues and the expected resolutionof this technique together with alignment and steeringstrategies.1ÊÊINTRODUCTIONIn the SLAC Linear Collider (SLC), misalignments ofthe accelerating structures may cause transverse wakefieldkicks which deflect the tail of the bunch and createemittance growth. In addition to several indirect techniquessummarized in the next section, we will discuss here themost direct approach to measure locally the kick of thebunch head to the bunch tail. Two bunches are accelerateddown the linac very close together in time, a fewwavelengths l) apart. For e+ and eÐ, possible choices are±l/2, ±3l/2, ±5l/2, . . . so that they are both accelerated.This method probes the short-range wakefields. A perfectwakefield free orbit would produce no kicks for all bunchseparations, but the real situation is more complicated. Ifthe linac is not totally straight, the steering kicks of themagnets create dispersion which must be compensated.2ÊÊDIFFERENT TECHNIQUESMany other alignment techniques have been suggestedto reduce emittance growth. After mechanical alignment,beam-based measurements are used to center the beamposition monitors (BPMs), quadrupoles, and structures.Most of these techniques rely on assumptions which maynot be valid. With the following table we try to give anoverview.TechniqueAssumption(

B PM,

Q uad,

A cc.)Achievement1 Alignment (all) a) initial b) beam basedmechanical,electric centerchange is rightmechanical resolution,beyond that2 Steering (B, Q) a) 1-to-1 b) DF,TBDFS c) SVD d) ballistic e) quad scalingB, A offset = 0Q to B offset = 0B offset for e+/Ðave. alignmentno elec/mag fieldno elec. kicksBPM readingbpm centerquad centerless corr. kickget B offsetget Q offset3 Wakefield (A) a) dipole signal b) DI or Dsz[4] c)hi order wake d) Super-Assetwake big effectA to signal = 0clean distictionno asym couplerBPM responsesignal readingS centercalc. effecthi wake centerbeam-S center4 Bumps (global) a) oscillations b) local 360¼end result o.k.error within oscil.meas. and corr.smaller emit.minimumand stableTable 1: Alignment and emittance reduction techniques (DF[2]: dispersion free, TBDFS [3]: two beam DF steering,SVD: single value decomposition).3 Ê Ê S U P E R Ð A S S E T The basic idea of Super-ASSET is to measure thewakefield kick from one bunch closely following another. Itis necessary to take the first bunch orbit x1, and subtract itfrom the Òsum orbitÓ xS of both beams to get the kickedbeam orbit x2:xS = (q1 x1 + q2 x2 f(t)) / qS (1)with qS = q1 + q2 f(t) and f(t) is the response function of theBPM: f(t) = 0 for a large time separation t of the twobunches, and f(t) = 1 for t = 0.3.1 BPM ResponseThe BPM response function f(t) was measured bycombining positive (1.5×1010) and negative×(Ð1.06×1010)signals in a test setup. Figure 1 shows the result comparedwith a theoretical response. Since the BPMs are self-triggered by the signal, the sum signal must exceed a certainthreshold: q1 + q2 ³ qtrig (»2×109 particles).

-20 -10 0 10 20 0

0.5

1

1.5

2 x 10^{10}

BPM Two Beam Time Response e- - e+ Time Difference [ns]

Current [particles/bunch]

Data

Simulation

Figure 1: Measured (o) and calculated (*) BPM response.Due to the slow rise time of pulses used in the test setup,the minimum is shifted to +2Êns, which can be alsomodeled (x). The dashed and dash-dotted lines in the top left,would be the curves, if the BPM were triggered externallyand not self-triggered by the beam. The dashed curve is1.5E10 (1Ð0.7 f(t)).When superimposing bunches of different sign charge,the BPM resolution can be significantly increased becausethe measured offsets are normalized to the total beamcurrent, which is small. For example,Ê4×1010 Ð 3×1010 =0.4×1010 = q_S , x_2 = 0, x_S = q_1 x_1 / q_S = 10 x_1. The BPMreadout will saturate for big offsets, so only ±0.8Êmmoffsets can be measured rather than the full ±8Êmm.3.2 Wakefield Kicks

Figure 2: Wakefield of an SLC accelerator structure.The maximum wakefield of an SLC accelerator structureis about W^ = 5 V/pC/mm/m (Fig.Ê2). Therefore for N

5×1010 particles (8ÊnC), an offset Dx = 1Êmm, and a 12Êmlong structure (L), the transverse kick q_^ is 480ÊkeV / E

q^ = e N L Dx W^ / E.(2)This kick will affect the beam differently at differentpoints along the linac depending on the energy E and thebetatron function the focusing lattice. Averaged over bunch length of about 1.2Êmm the wakefield is only W^ave= 1ÊV/pC/mm/m or 20% of the peak. Table 2 shows theeffect of this wakefield at different locations in the linac.

the beginning of the linac there is only a 3 Ê m structure between quadrupoles. The region about 500 metersalong the linac is the most sensitive by a factor of2.5Ð3, because the quadrupole becomes large andthe energy is still relatively low. Li30 is the end of thelinac.Li02Li05Li30E [GeV]1.2 max [m] sy¢ [mrad]

q^ [mrad]80 (/4) sy [mm]

Dy [mm] ratio=q s¢1.44.7

Table 2: Effective kick of a 1Êmm accelerator structureoffset between quadrupoles compared with the angulardivergence s for an emittance of ge

= 0.45 10 m-rad.3.3 Measurement Sensitivity and SystematicAs seen from the Tab.Ê2, a 1Êmm offset of the beam ina structure would cause an average centroid displacment of1.4 to 4.7 times s

y, increasing the projected emittance. Tomeasure kicks, the difference orbit at two differentbunch separations is used, e.g. l/2 and 3l/2, or 3l/2 and5l/2 (l = 105Êmm).

wakefield kick changes sign fordifferent enhancing the sensitivity of themeasurement. Wakefield differences of 4 or 6ÊV/pC/mm/mproduce effectively 5 times the offset of table 2 or about1Êmm, 2.7Êmm, 0.5Êmm for the three locations. A typicalmeasurement with e /e might be 2

1010 positrons follow by3×1010 electrons with a difference orbit x_{S,diff} = x_{Sa} Ð x_{Sb}

3(x2a Ð x2b) = 1.2, 3.2, 0.6Êmm. The BPM reading is about0.5 to 3 times the structure offset, indicating that with

BPM resolution of 10Ð20Êmm, one measures the structureoffset to about the

resolution. Averaging manyreadings can further increase the accuracy.

4ÊÊFIRST MEASUREMENTAlthough the experiment with high current electron andpositron bunches has not yet been performed, preliminarytests with two electron bunches were made during the

SLAC fixed target run. A charge of 3.0

1010 in two bunches(l = 105Êmm apart), or of 1.5×1010 in one bunch wasaccelerated down the linac (Fig.Ê3).

0 0.5 1 1.5 2 -1 0 1 2 3 4 5 6 7 8

TIME [ns]

VOLTS

One and Two Bunch Setup

3E10 particles

1.5E10 particles

Figure 3: Gap monitor signal of one or two bunches.

expected kick is much less for this configuration:2.7Êmm in sector 5 becomes 0.8Êmm at currentswhich is measured as 0.4Êmm when the BPMs average sign bunches and is further reduced to 0.16Êmmbecause the wakefields are 2 rather than 5ÊV/pC/mm/m atthis separation. A closed bump of 2Êmm peak (1.7Êmmeffective) should produce an oscillation of about 0.27Êmm,in good agreement with the measurement (see Fig.Ê4).Figure 4: Wakefield kick of a 2Êmm bump, top: for onebunch nearly closed, bottom: for two bunches a 250Êm oscillation starts.5ÊÊCOMPENSATION METHODSOnce the accelerator structure misalignments are known,there are two approaches. First, there is mechanicalalignment which may be only practical for a few worstoffenders. Second, one may attempt to find an optimal beamtrajectory through these misalignments.Simulations have shown that dispersive emittancegrowth which is normally 4 times smaller than thewakefield growth may increase dramatically if the beam issteered to the center of the structures to avoid any wakefieldkicks. Clearly wakefield and dispersion effects have to beminimized at the same time. This can be done by cancelingwakefield and dispersion growth separately over one betatronoscillation (8 correctors for e /e). One may also try tocancel the growth locally by trading the dispersive kick offagainst the linear part of the wakefield kick.

method tobe used is still under study.6 Ê Ê S U M M A R Y With Super-ASSET, a beam based technique, we shouldbe able to measure and locally correct the biggest source ofemittance growth in the SLC linac Ð the transversewakefield kicks of the accelerator structures. If successful,this method promises to be useful for future linear colliders,and might relax the tolerances for wakefield dominateddesigns.7ÊÊACKNOWLEDGMENTSWe would like to thank D. McCormick for the BPM teststand measurements, J. Turner for the injector setup used inthe fixed target run tests, and K. Bane for wakefieldcomputations. REFERENCES[1]C.E. Adolphsen et al., Measurements of Wakefieldsgenerated in Accelerator Test Structures Using theSLC, HEACCÕ92, Hamburg, Germany, 1992, p 870.[2]T. Raubenheimer and R.D. Ruth, A Dispersion-FreeTrajectory Correction Technique for Linear Colliders,NIM, A302, 1991, p. 191-208.[3]R.W.ÊAssmann et al., TBDFS to be published.[4]T.O. Raubenheimer, K. Kubo, A Technique ofMeasuring and Correcting

Dilutions due toAccelerator Structure Misalignments, SLAC-Pub-6523,NIM, A370, p 303-311; and SLAC-Pub-6608.