EVOLUTION OF THE LEBT LAYOUT FOR SNS*J. Reijonen, R. Thomae, and R. KellerErnest Orlando Lawrence Berkeley National Laboratory, Berkeley, CAAbstractA s t h e s t a r t u p L o w - E n e r g y B e a m T r a n s p o r t (LEBT) for the Spallation Neutron Source (SNS) pro-ject is undergoing commissioning aimed at transportinga 35-mA H- beam, a new LEBT layout has been devel-oped that is designed to transport a beam current of 65mA, consistent with the revised nominal SNS beam-power goal of 2 MW. The SNS LEBT employs twoelectrostatic einzel lenses and provides static beamsteering as well as fast chopping, implemented bysplitting the second lens into four quadrants. The de-velopment was carried out using the code IGUN in anovel way that allows working with finite ion tem-peratures without encountering any problems. Thechanges with respect to the Startup LEBT layout affectelectrode shapes in the upstream part only; the down-stream part is kept as previously designed, to preservethe chopping action. In addition, the overall length waskept constant, and only minor changes had to be madeto the design of some of the support structures; thevacuum tank design is identical to the previous one.The expected performance of this new LEBT, based onthe simulations, is described for a large range of outputTwiss-parameters and compared to simulation resultsfor the startup configuration.1 INTRODUCTIONThe SNS Low-Energy Beam-Transport line (LEBT)utilizes two electrostatic einzel lenses to achieve two-parameter transverse beam matching at its exit plane. Italso provides static beam steering as well as fast chop-ping, implemented by splitting the second lens intofour quadrants and applying dc or pulsed voltages.Only the main matching function of the LEBT is beingaddressed in this paper, discussing the evolution of theelectrode shapes after the Conceptual Design layout [1]With the adoption of a 2-MW average beam-powerscenario for the SNS Accelerator Systems, the Front-End Systems (FES) are required to deliver a 52-mA H-beam to the Drift-Tube Linac. Under the conservativeassumption of 20% beam loss in the RFQ, the first twoFES subsystems, i.e. Ion Source and LEBT, have toproduce a 65-mA beam of 65-keV energy at 6% dutyfactor with a transverse normalized rms emittance of0.2 p mm mrad. *Work supported by the Director, Office of Science,Office of Basic Energy Sciences, of the US Departmentof Energy under Contr. No. DE-AC03-76SF00098.The path of development at LBNL towards thestated performance goals goes through a series of dem-onstration e x p e r i m e n t s w i t h a s o - c a l l e d R & D I o n Source in various configurations, a Startup Ion-Source/LEBT system aiming at 35-mA beam current, andlastly the 65-mA Production System [2].The 2D code IGUN [3] was used (substituting pro-tons for H ions) to simulate the ion beam for variouselectrode shapes. IGUN assumes cylindrical symmetry,is rather easy to set up and run on a personal computer,and has proven to generate reliable results [4]. Thecode appears to exhibit a functional error, however, incases such as the SNS ion-source extraction system,when a finite ion temperature is chosen among the in-put conditions. Then unrealistic splits of the outputemittance and overly chaotic arrangement of the beamtrajectories near the axis result from the calculations.Our detailed studies showed that these effects are asso-ciated with an anomalous curvature of the equipotentialsurface (meniscus) that separates ion-source plasmaand beam.Another complication is due to the presence ofelectrons in the extracted H ion beam, subject to theaction of the �electron-dumping� magnetic dipole field.The method of dealing with both of these effects is dis-cussed in the following paragraph.2 FINITE ION TEMPERATURE ANDTREATMENT OF ELECTRONSTo overcome the meniscus problems in IGUNsimulations associated with finite ion temperature, aswell as to deal with the electron share in the upstreampart of the beam, the calculation is split into three seg-ments. In the first segment, from the upstream plasmaboundary to the equipotential surface at 200 eV belowmeniscus potential (for protons), zero ion temperatureis assumed. The trajectories crossing that equipotentialsurface are read out, and transverse angles are added toeach of them, corresponding to the assumed ion tem-perature and alternating between radially outward, un-changed, and inward directions, see Figure 1. Thesemodified trajectory data are used as input parametersfor the subsequent calculation.The relation between added or subtracted angles,Da, and the assumed ion temperature in this method is:Da = 1000 (3kTi/4EL)1/2 [ mrad ]with Ti, transverse ion temperature and E (eV), longi-tudinal ion energy at the boundary equipotential.

Figure 1. Detail showing the tip of the outlet electrode,plasma meniscus, and modified angles applied to thetrajectories at the equipotential marked by �split.�In the real LEBT, the electrons that are extractedtogether with the negative ions are removed from thebeam by a transverse magnetic dipole field generatedby magnets inside the ion-source outlet electrode [5].We are simulating this 3-dimensional problem by ad-ding an equivalent amount of ion current to the actualbeam current that is under investigation. The increasedcurrent value is applied over a longer section of the ex-traction gap than the zero-temperature region men-tioned before, to the equipotential surface at 2 keV be-low meniscus potential, as shown in Fig. 2. Thismethod was developed in an earlier work [6].In the third section of the calculation, the ion cur-rent is reduced to the actual value. To find the correctshapes forthe equipotentials between these three sections theproblem has first to be run twice with zero ion tem-perature, over a length of approximately two adjacentsections in each case, before individual sections can betreated one after the other.Figure 2. Formation of a 90 mA H beam with 2-eV iontemperature. Downstream of the �Current DecreaseCut� mark, the ion current amounts to 65 mA.The choice of the added current amount as well asthe location where the current is reduced to nominal israther arbitrary, especially so because the axial electronvelocity will gradually decrease from very high valuesto zero over the region of interest. To resolve this issue,we empirically calibrated the process by comparing ameasured emittance with simulation results for a 40-kV, 8-mA ion-beam current in the Startup LEBT. Itturned out that an �electron� current higher by a factorof 6 than the ion current led to good agreement with themeasured emittance size and Twiss parameters in thiscase, where no cesium was used in the ion source. Forsource operation with cesium, no measured emittancevalues were available, but a 1:2 ratio between �elec-tron� and ion currents appeared appropriate, consistentwith the scaling of actually measured electron currentsfor both modes of operation.By varying this ratio in test simulations, we estab-lished that the assumed value is rather uncritical andthat in any case residual effects can easily be correctedin the real system by adjusting the potential of the ex-tractor electrode. Such a change would modify thevoltage in the main extraction gap without affecting thebeam energy in the LEBT exit plane.3 LEBT ELECTRODE SHAPESThe first version of the Startup LEBT was charac-terized by a pointed extractor shape and short lenselectrodes of equal inner aperture [7]. A simulatedemittance diagram for this LEBT is shown in Fig. 3,and Fig. 4 shows the shapes of its electrodes, togetherwith the outlines derived for later versions of theStartup as well as the Production design. The ion-optical qualities of the Startup LEBT suffer from theaction of the electron-dumping magnet field in the ex-traction gap that extends beyond the front face of theextractor electrode.Figure 3. Simulated emittance for the 35-mA StartupLEBT with a normalized size of 0.076 p mm mrad.

T=0 T = Ti split

-100-500-1-0.501

r’ [ mrad ]r [ mm ]

Even though the ion source can be tilted with re-spect to the LEBT axis there remains a bending effecton the ion trajectories that cannot be compensated me-chanically. By changing the material from copper toferromagnetic stainless steel a field clamp was gener-ated that effectively annihilates the harmful fringe field[8].The first simulation attempts to pass a 65-mA ionbeam through the startup LEBT showed that the beamblows up too much in the extraction gap. Therefore theextractor aperture was widened, and in consequence thefirst lens aperture had to be widened as well and madelonger to stay within a voltage range around 45 kV.With this design as shown in Fig. 4, the simulationsshow that a 65-mA beam can well be transported, andthe calculated emittance of 0.09 p mm mrad leaves acomfortable margin for effects that are not accountedfor in our simplified 2-dimensional treatment.Figure 4. LEBT electrode shapes. Full black, outlinesof electrodes that were not modified. Faded solidshapes depict the early 35-mA Startup LEBT. Opencontours depict the 65-mA Production LEBT. All beamtrajectories are artist�s conceptions emphasizing theoptical characteristics of the two basic structures.The simulated emittance for the Production LEBTis shown in Fig. 5. The extractor with the new shapewas already tested experimentally at the LBNL Inte-grated Testing Facility [8], together with the otherStartup LEBT electrodes, and the other modified elec-trodes that characterize the Production LEBT have justbeen mounted and are ready for testing.Figure 5. Simulated emittance of the 65-mA productionLEBT with a normalized size of 0.09 p mm mrad.[1]J. Staples, D. Cheng, M. Fong, J. Greer, M. Hoff, R. Keller, K.Kennedy, M. Leitner, R. MacGill, D. Oshatz, A. Ratti, J. Re-mais, S. Virostek, �The SNS Front End Accelerator Systems,�paper MO4056, Linac �98, Chicago (1998).[2]R. Keller for the SNS Front-End team, �Status of the SNSFront-End Systems,� PAC �99, New York (1999).[3]R. Becker, �New Features in the Simulation of Ion Extractionwith IGUN,� EPAC �98, Stockholm (1998).[4]R. Keller, J. M. Verbeke, P. Scott, M. Wilcox, L. Wu, and N.Zahir, �A Versatile Column Layout for the LANSCE Upgrade,�paper WEA18, PAC �99, New York (1999)[5]M.A. Leitner, D.W. Cheng, S.K. Mukherjee, J.Greer, P.K.Scott, M.D. Williams, K.N. Leung, R. Keller, R.A. Gough,�High-Current, High-Duty-Factor Experiments with the RFDriven H- Ion Source for the Spallation Neutron Source,� PAC�99, New York (1999).[6]M.A. Leitner, D. C. Wutte, and K.N. Leung, �2D Simulationand Optimization of the Volume H- Ion Source Extraction Sys-tem for the Spallation Neutron Source Accelerator,� Proc. Int.Conf. on Charged Particle-Beam Optics, Delft, Netherlands(1998). [7] D.W. Cheng, M.D. Hoff, K.D. Kennedy, M.A. Leitner, J.W.Staples, M.D. Williams, K.N. Leung, R. Keller, and R.A.Gough, �Design of the Prototype Low Energy Beam TransportLine for the Spallation Neutron Source,� PAC �99, New York(1999).[8] R. Thomae, P. Bach, R. Gough, J. Greer, R. Keller, and K. N.Leung, �Measurements on the H- Ion Source and Low EnergyBeam Transport Section for the SNS Front-End Systems,� pa-per MOD09 Linac 2000, Monterey (2000).

-100-500-1-0.501

r’ [ mrad ]r [ mm ]