SLAC-PUB-95-6991

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

DESIGN OF THE BUTTON BEAM POSITION MONITOR FOR PEP-II*N. Kurita, D. Martin, S. Smith, C. Ng, M. Nordby, C. Perkins, Stanford Linear Accelerator Center,Stanford University, Stanford, CA 94309 USA

* Work supported by US Department of Energy, contract number DE-AC03-76F00515. Presented at the US ParticleAccelerator Conference and International Conference on High-Energy Accelerators (PAC95), Dallas TX, USA, May 1995The beam position monitor (BPM) was designed toprovide a robust UHV feedthru and a reliableelectromagnetic sensor. Stringent resolution requirementsat low beam currents, bunch parameters, along withmechanical and chamber requirements produced challengesin the electrical, thermal, and structural design of theBPM’s. Numerical modeling and experimental analyseswere used to optimize the design. The higher order modes(HOM’s) and beam impedance were modeled usingMAFIA. Measurements agreed with the calculated 1 Wtransfer impedance at the 952 MHz signal processingfrequency, and the first two HOM’s found in MAFIA.Tests and analysis both showed the button signal powerapproaching 40 W. Temperature and stress distributionswere analyzed using this power loading with ANSYS. Anelectronic grade CuNi was selected for the BPM to reliablyweld into the copper chambers. Pin seal and compressivejoints were considered for the insulator vacuum seals. Bothglassy ceramic-to-metal and ceramic-to-metal seals wereevaluated.I. INTRODUCTIONThe high current and high resolution of the PEP-II B-Factory require a novel design for Beam Position Monitor(BPM). The major design goals are to achieve theresolution and precision requirements, to handle highpower due to the bunch and current requirements of themachine, to minimize large discontinuties and subsequentimpedances developed from resonances or trapped modesand to serve as a reliable vacuum feedthru. The designrepresents a compromise between electrical performanceand vacuum reliability. Numerical modeling with MAFIAand ANSYS were used to optimize the design for signalperformance, impedance and structural reliability.II. REQUIREMENTSThe PEP-II HER stores 3000 mA of 9 GeV electrons[1]. The BPM�s are located 14 inches from thedownstream end of every quad chamber. The vacuumchambers are made from octagonal copper extrusion. TheBPM�s consist of four button-style pick-ups weldedsymmetrically on the chamber. The individual button pick-ups are 3.5 cm apart to equalize the x and y positionsensitivities.

III.BPM DESIGN DETAILSButton and Center ConductorThe BPM�s consist of four button style UHVfeedthrus. The buttons are 1.5 cm in diameter to provide1 mm of position resolution at 5 x 108 e-. The button isbrazed to a molybdenum center conductor. The diameterwas optimized using MAFIA to increase sensitivity anddecrease the Q of trapped modes[2]. The gap between thebutton and the housing is 1 mm to minimize the HOMeffects without adding excessive capacitance.

transfer impedance of the BPM�s was measuredexperimentally and calculated using MAFIA.Electrical Measurement and ModelingA prototype of a 2 cm button was fabricated andelectrically tested. The measurements were compared toresults from circuit models of three types: lumpedcapacitance, stripline loaded at center, and radialtransmission line and MAFIA.The button was modeled as a center-tapped striptransmission line of length l, width wl, velocity c, andimpedance Zo. The load resistance is ZL. The transferimpedance of this square "button" is given by Eqn. 1,

Z

gZ l c l c Z Z l c T L L () sin(/)cos(/)(/)sin(/) w w w w =

+

2 2

2 2 2 2 0 2 2

(1)where g is the transverse geometry factor. A 2 cm button inthe HER vacuum chamber has a 1W transfer impedance atthe 952 MHz operating frequency. At full beam current of1011e/bunch, with a 1 cm radial position offset, the nearestbutton will deliver some 40 W of broadband power. UsingZT = 1W, Eqn. 2 relates the load current in the 50 W buttontermination to the beam current,

IZL b T L/ / .= @ 0 02

(2)and agrees nearly exactly with the -34 dB (952 MHz) benchmeasurement.The button possesses significant non-TEM resonances,which appeared in the solution of Maxwell’s equations, andthe MAFIA simulations. The lowest frequency HOM’s arethe TE modes when circumferential variations are allowed.The TE11 mode occurs at the frequency f@c/2pr0, calculateda t 4 . 7 G H z . T h i s m o d e i s c u t o f f i n t h e s m a l l d i a m e t e r output coaxial cable, and is therefore a high-Q resonance.In measurement this was easily observed at 5.73 GHz witha l o a d e d Q = 2 1 . H i g h e r T E m o d e s w e r e a l s o c l e a r l y p r e s e n t . T h e s e m o d e s a r e s t r o n g l y d r i v e n b y t h e b e a m , d o m i n a t i n g t h e b e a m i m p e d a n c e . H o w e v e r , t h e y c a n b e s u p p r e s s e d b y i n t r o d u c i n g a s y m m e t r i c f e a t u r e s i n t o t h e button. An extreme measure of short circuiting a point onthe button circumference decreased the TEM power at 952MHz by 1 dB, while increasing the total broadband powerdelivered to the load. Reduction of the button diameter tot h e p r e s e n t 1 . 5 c m b r o u g h t i t s i m p e d a n c e w i t h i n t h e machine’s stability requirement.Thermal/Structural LoadingThere are two areas of concern for the thermal stabilityof the BPM. First, the thermal stability of the feedthru isessential to meet the precision requirements. Second, theresolution requirements at low current results in high powertransfer at full current. As much as 40W delivered out thecable in the TEM mode has been estimated. MAFIA andnumerical analysis estimated that 0.16 W is dissipated intoconcentrated areas of the alumina and 6 W at the interfacebetween the center conductor and the alumina. Anadditional heat source of 0.25 W/cm2 was calculated usingEGS and FLUKA for scattered SR on the button face.Thermal analysis using ANSYS was performed todetermine the temperature distribution in the feedthru. A3-D analysis verified that the concentrated heat loads in thealumina were negligible and that the primary heat load wasat the interface of the center conductor and the alumina. Amaximum temperature of 110 �C was found on the button.Thermal stresses were also calculated using ANSYS.Evaluation of the stresses due to heating of the pick-upshowed that residual stresses in the compressive seal wereneeded to maintain a relative margin of safety. An estimateof the residual stresses was calculated assuming all partsare stress free at the softening temperature of cupronickel.Further analysis on power dissipation into the centerconductor showed initial values were conservative.V. CONCLUSIONSThe SLAC button feedthru has been designed to meetthe demanding vacuum, reliability and impedancerequirements of the PEP-II project. The design wasextensively modeled to reveal expected temperature, stressand impedance performance. Trade studies involvingmaterial selection, button size, connector type andtransition geometry were conducted. Prototypes werefabricated which validated the analyses.VI. FUTURE WORKAt this time the pre-production order has been placedwith several vendors. The feedthrus will be subjected tomechanical and electrical tests. Numerical andexperimental analyses on their sensitivity and transferimpedance will also be performed. The production orderwill be based on a pass-fail evaluation.VII. REFERENCES[1] C. Perkins, et al, �Vacuum System Design for the PEP-II B Factory High Energy Ring�, EPAC94 ConferenceProceedings, London, World Scientific.[2] C-K Ng, et al, �Simulation of PEP-II Beam PositionMonitors�, these proceedings.[3]Personal communication with Dr. Bill Selyey ofArgonne National Laboratory.