Presented at the 5th European Particle Accelerator Conference, Barcelona, Spain, June 10-14, 1996 SRF 960529-02SUPERCONDUCTING RF SYSTEM FOR THE CESR LUMINOSITYUPGRADE: DESIGN, STATUS, AND PLANS*S. Belomestnykh�, P. Barnes, E. Chojnacki, D. Coffman, R. Ehrlich, J. Graber�, W. Hartung,T. Hays, R. Kaplan, J. Kirchgessner, E. Nordberg, H. Padamsee, D. Rubin, J. SearsLaboratory of Nuclear Studies, Cornell University, Ithaca, NY 148531˚˚INTRODUCTIONThe CESR Luminosity Upgrade Plan consists ofseveral consecutive steps, or phases [1]. At the presenttime, this program is in Phase II. The next step, PhaseIII, would yield a luminosity of 1x1033cm-2sec-1 with45 bunches in each beam for a total current of 1 A.This plan utilizes four superconducting single-cellcavities with an accelerating gradient of 6 MV/m,which corresponds to a peak accelerating voltage of1.8 MV per cell. The power transferred to the beam ineach cavity would be 325 kW. Some machine and RFparameters are given in Table 1.The use of only four superconducting RF (SRF)cells with more strongly damped higher-order modes(HOMs), as compared to the present twenty normalconducting (NRF) copper cells, decreases both thebroad band and narrow band impedances sufficiently toallow stable operation at the high current levels.The name BB1 has been assigned to the Cornellsuperconducting 500 MHz single-cell cavity shape.One can find a detailed description of the cavityelsewhere [2]. Two cavities have been manufacturedto date: the first, BB1-1, by Dornier, and the second,BB1-2, by ACCEL.The BB1-1 cavity and prototype RF window,cryostat, HOM loads and beam line components weresubjected to a beam test in CESR in August 1994 [3].This experience allowed us to complete the design ofthe SRF system, which is described in this paper.2˚˚SYSTEM DESCRIPTIONAs mentioned earlier, the SRF system will consistsof four single cell niobium cavities. Each cavity hasits individual cryostat, input coupler and RF window,two ferrite HOM loads, taper transition(s) to theadjacent CESR beam tube, and some other beam-linecomponents. A single cavity module is shown inFigure 1.�* Work supported by the National Science Foundation, withsupplementary support under the U.S.-Japan Agreement� On leave from Budker Institute of Nuclear Physics, 630090Novosibirsk, Russia� Presently at Center for Advanced Biotechnology, BostonUniversity, Boston, MA 02215Table 1: Selected parameters for CESR Phase III.Beam energy5.3 GeV

Revolution frequency390.14 kHzTotal current in two beams1 ASR energy loss per turn1.16 MeVMomentum compaction0.0113Bunch length1.7 cmMachine loss factor5.2 pF-1RF harmonic number1281Beam power1.3 MWNumber of bunches per beam45RF frequency500 MHz

Total RF voltage7.2 MVNumber of SRF cavities4R/Q per cell89 WUnloaded Q1x109External Q2x105

Pairs of the SRF cavities will replace the presentNRF cavities on the East and West side of the CLEOdetector (Figure 2). A calculations [4, 5] indicate thattwo tapers provide a significant fraction of theassembly’s total loss factor (26% at 1.7 cm bunchlength and about 45% at 1.0 cm bunch length) andimpedance. Therefore, in order to reduce the overallimpedance of the system, there will be no tapersbetween the cavities in the pair. Each pair of cavitieswill be fed by one klystron with a magic T to split theRF power.Figure 1: Layout of a single MARK II cavity-cryostatsystem to be installed in CESR.

Figure 2: Layout of CESR near the interaction region.2.1 CavityThe BB1-1 cavity was exhaustively tested in aseries of tests in a vertical and a horizontal cryostat[6, 3]. This cavity performed satisfactorily in allrespects but was found to suffer from the "Q-virus" dueto one of the chemical treatments. In the near futurewe plan to heat treat this cavity to remove hydrogencontamination.The BB1-2 cavity differs from the BB1-1 only bythe addition of two RF probes, one on the round beamtube and one on the waveguide just before the coupler.After mechanical measurements and final chemicalcleaning, this cavity was tested in a vertical cryostatup to 6 MV/m accelerating gradient. A special slowcool-down test was performed to check for hydrogencontamination. There were no signs of the "Q-virus".The BB1-2 cavity will be used in the final assembly ofthe MARK II cryostat.2.2 CryostatThe MARK I cryostat [7] worked extremely wellduring the beam test [3]. This cryostat was very tall,as it was designed for installation in the high bay areanear the CLEO detector. However, the final version ofthe cryostat must fit in the 2.44 m (8 foot) highaccelerator tunnel where the RF straight sections arelocated.The MARK II cryostat was designed to meet thetighter tunnel requirements. The cavity and beam linecomponents are almost unchanged from the MARK Idesign, but the cryostat is turned upside down so thatthe waveguide feed is from the bottom, with the RFwindow lying beneath the cryostat. The cryostatvacuum vessel was reduced in width and increased inhight. This new cryostat is currently beingmanufactured and will be tested with the full sizecopper cavity model at Meyer Tool and Mfg.In the first SRF installation in the CESR tunnelthere will be only one SRF cavity, so small gatevalves (89 mm dia.) and small sliding joints will beplaced on both ends of the cavity next to the tapers.There will also be a 240 mm dia. sliding joint toaccomodate the tuner motion.2.3 Refrigerator and Distribution SystemWe have ordered a dedicated refrigerator system forPhase III. A 600 W unit is presently being installedand in a year or so another 600 W system will beadded in parallel for the CLEO solenoid and thesuperconducting quadrupoles to be added near theinteraction point in Phase III. Details of therefrigerator system are reported elsewhere [8].The 2000 liter storage dewar, refrigerator outputlines, transfer lines, and main and station distributionboxes are on order and will be installed this summer.Transfer line elbows are being manufactured in house.2.4 HOM LoadsDuring the beam test, beam line HOM loads wereinstalled at each end of the BB1-1 cavity [9]. Theperformance was entirely satisfactory with respect toboth adequately damping HOMs and adequatelyhandling the HOM power. This power level in thebeam test was only 1 kW per load, much smaller thanthe Phase III requirements.

An additional test was done off line, with an HOMload under vacuum. In this test, 7 kW of power wasdissipated under vacuum and 15 kW was dissipated inair. It was clear upon observation with an infraredcamera that there were hot spots on the ferrite wherethe thermal bond to the copper cooling panel was poor.New loads are being fabricated for the MARK IIcryostat. The new cooling panels are made of Elkonite(a tungsten copper composite) instead of copper. Thismaterial matches the thermal expansion coefficient ofthe TT2-111R ferrite very closely and should thereforeprovide a more homogeneous solder bond and improvethe load’s power-handling capability. Also, the ferritehas been extended toward the cavity by an additional 3cm on the fluted beam tube end in order to reduce theQ of one of the marginally troublesome transversemodes by a factor of 2 to put it well within thecalculated requirements for the anticipated currentlevels.2.5 RF WindowWe have previously reported the test of the newhigh power RF vacuum window manufactured byThomson [10]. CW power levels up to 300 kW wereobtained. Pulsed power levels reached 430 kW intravelling-wave operation at 33% duty factor and125 kW in standing wave operation (at all phases)with 50% duty factor. We plan to use this windowdesign on the MARK II cavity/cryostat.2.6 Sliding JointA life-time test of the 240 mm dia. bellows slidingjoint was done in vacuum to test the reliability of thesliding joint under the repetitive motion required forthe constant cavity tuning due to beam loading. Wetested three different combinations of finger stock andstainless steel shell: i) BeCu finger stock against afreshly machined stainless steel surface; ii) BeCufinger stock against a polished surface; and iii) Nifinger stock against a polished surface. The lastcombination clearly was unacceptable due to a lot ofdust collected in a short time. Although the secondcombination was the best in the short term, polishingthe surface made very little difference in terms of long-term wear of the sliding joint.3˚˚BEAM-CAVITY INTERACTIONAccording to prediction [5], the total parasitic lossfactor of the BB1-2 single cavity assembly is0.374 pF-1 for a 1.7 cm long bunch; the correspondingdissipated power is 5.3 kW per HOM load for CESRPhase III conditions. This is well below the powerlevel reached in off-line tests of the HOM loads usedwith the MARK I cryostat.The beam test results [3] as well as preliminarystudies of cavity HOMs [2, 11] indicate that all HOMsare sufficiently damped by ferrite and there will be noinstabilities due to beam-HOM interaction. Recentstudies of the direct interaction between the beam andthe ferrite layer [12] indicate that there should be noproblem for Phase III.4˚˚STATUS AND FUTURE PLANSAs a first step toward the upgrade of the RF systemfor CESR III, one of the NRF cavities will be replacedwith an SRF cavity in a new cryostat for a long-termtest. The new cavity, BB1-2, was tested in a verticalcryostat up to 6 MV/m accelerating gradient. Thecryostat is being manufactured and will be tested inthe near future. A new 1200 W refrigeration anddistribution system is being fabricated and installed atthis time. After testing at low RF power level in thehorizontal MARK II cryostat, the cavity assembly willbe processed with high power for the final off-line testof all the components (late summer 1996). The cavitymodule will then be installed in CESR for a long-termtest.According to the CESR luminosity upgrade plan,all four SRF cavity modules are anticipated to beinstalled in the ring in late ’97 - early ’98 assuming theproject is funded at the expected level.REFERENCES[1]D. Rubin, Proc. of the 1995 Part. Accel. Conf.,Vol. 1, pp. 481-485.[2]H. Padamsee, et al., Part. Accel., Vol. 40, pp. 17-41 (1992).[3]H. Padamsee, et al., Proc. of the 1995 Part. Accel.Conf., Vol. 3, pp. 1515-1517.[4]V. Veshcherevich, et al., Cornell LNS ReportSRF 931013-11 (1993).[5]S. Belomestnykh & W. Hartung, Cornell LNSReport SRF 960202-01 (1996).[6]D. Moffat, et al., Proc. of the 1993 Part. Accel.Conf., Vol. 2, pp. 763-765.[7]E. Nordberg, et al., Proc. of the 1993 Part. Accel.Conf., Vol. 2, pp. 995-997.[8]J. Kirchgessner, et al., Proc. of the 7th Workshopon RF Superconductivity (in press), also CornellLNS Report SRF 950908-13 (1995).[9]S. Belomestnykh, et al., Proc. of the 1995 Part.Accel. Conf., Vol. 5, pp. 3394-3393.[10]M. Pisharody, et al., Proc. of the 1995 Part. Accel.Conf., Vol. 3, pp. 1720-1722.[11]V. Veshcherevich, et al., Proc. of B Factories: TheState of Art in Accelerators, Detectors andPhysics, pp. 177-180.[12]W. Hartung, Ph. D. Dissertation, CornellUniversity (1996).