SLAC—PUB—7210June 1996HIGH-POWER TESTING OF THE FIRST PEP-II RF CAVITY*R.A.˚Rimmer,Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, CA 94720, USAM.˚Allen, K.˚Fant, A.˚Hill, M.˚Hoyt, J.˚Judkins, J.˚Saba, H.˚Schwarz,Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309, USAM. Franks,Lawrence Livermore National Laboratory, Livermore, CA 94550, USAAbstractThis paper describes the high-power testing of the first RF cavity for the PEP-II B-factory. The cavity is designed for continuous operation at 476 MHz with up to 150kW wall dissipation and heavy beam loading. Three rectangular waveguides andbroad-band loads are used to damp the cavity higher-order modes. The testconfiguration, RF conditioning history and high-power performance are described andplans for processing of the production run of cavities are discussed.Contributed to the 5th European Particle Accelerator Conference (EPAC 96)Sitges, Barcelona , SpainJune 10-14, 1996

* Work supported by Department of Energy contract DE—AC03—76SF00515 (SLAC), DE-AC03-76SF00098 (LBNL).

2HIGH-POWER TESTING OF THE FIRST PEP-II RF CAVITY*R.A.˚Rimmer, LBNL, Berkeley, CA, USAM.˚Allen, K.˚Fant, A.˚Hill, M.˚Hoyt, J.˚Judkins, J.˚Saba, H.˚Schwarz,SLAC, Menlo Park, CA, USAM. Franks, LLNL, Livermore, CA, USAAbstractThis paper describes the high-power testing of the firstRF cavity for the PEP-II B-factory. The cavity is designedfor continuous operation at 476 MHz with up to 150 kWwall dissipation and heavy beam loading. Threerectangular waveguides and broad-band loads are used todamp the cavity higher-order modes. The testconfiguration, RF conditioning history and high-powerperformance are described and plans for processing of theproduction run of cavities are discussed.1˚˚INTRODUCTIONThe PEP-II B factory is a machine designed to achievea high integrated luminosity through the use of manybunches and high average current in both rings. Thisrequires a substantial RF system capable ofsimultaneously delivering a high voltage and large beampower with high reliability. The PEP-II RF systememploys single-cell copper cavities [1] with strong HOMdamping, designed to deliver up to 1 MV per cell with150 kW maximum wall dissipation. Each cell will beassembled with its ancillaries and pre-tested on a raft, asin figure 1, before installation in the tunnel. The high-energy ring (HER), will use 20 cavities powered by 5klystrons, with 6 cavities and 3 klystrons in the low-energy ring (LER). The nominal operating parameters areshown in table 1.2˚˚CAVITY TESTINGThe first high-power PEP-II RF cavity has been testedto above operational power levels in several phases. Thefirst phase tested only the cavity body, with a simplifiedcoupler, fixed tuners and no HOM waveguides, in order tovalidate the basic design. Subsequent phases tested inaddition a full input coupler, movable tuner and HOMload. The tests were performed in a new bunker using anexisting 500 kW test stand. The first tests were conductedbefore the completion of the cavity bake-out station andso required longer processing. Subsequent tests wereconducted after bakeout or controlled vents.3˚˚RF CONDITIONINGThe first phase of the cavity testing was performedafter final cleaning but with considerable exposure toatmosphere during handling and assembly. No bake-out

*This work was supported by the U.S. Department of Energyunder contracts DE-AC03-76SF00098 (LBNL), DE-AC03-76SF00515 (SLAC), and W-7405-Eng-48 (LLNL).was performed as the production cavity bake station wasnot yet completed and no suitable alternative wasavailable. This prolonged the processing time for the firsttest as a large quantity of gas was evolved as soon as RFwas applied. During this period the drive signal wasfrequency modulated (FM), to sweep back and forththrough the cavity resonance in order to process away thegas in a controlled manner. About 72 hours of FMprocessing was required before more than a few kW ofCW power could be applied to the cavity, see figure 2.256 kW413 kW* including the effect of a 5% gap in the beam� after waveguide lossesThe cavity then quickly processed up to about 40 kW,after which amplitude modulation (AM), of the drive atthe resonant frequency was used to condition up to HERoperational power levels. This was achieved after about160 hours, however intermittent tripping of the stationdue to cavity or window arcs accompanied by strongoutgassing suggested that further processing was required.The test was run for a further 50 hours before the teststand was shut down for a scheduled klystron test, which

3could not be conducted concurrently. Before the shut-downthe frequency of the trips had decreased but they did notcease altogether.When the test stand was once again available highpower processing was resumed and operation at above thenominal power level of both rings was demonstrated, seefigure 3. After this the frequency of arcs at the nominalsettings was greatly reduced. The cavity ran as high as125 kW but it was not possible to test to the full designpower of 150 kW because of the failure of a temporaryfixed tuner which had poorly cooled spring fingercontacts.

0102030405060708090100110

Power (kW)

0

24

48

72

96

120

144

168

192

216Accumulated run time (hours)

Average power

Peak power (kW)shutdown forklystron test--->FMAMovernight no trips30 minsFigure 2. Phase 1 cavity test processing history, part 1.

0102030405060708090100110120130

Power (kW)

192

216

240

264

288

312

336

360

384

408

432Accumulated run time (hours)

Average power resume after<--- klystron test

LER 103 kW

HER 70 kWFigure 3. Phase 1 cavity test processing history, part 2.The second phase of testing introduced more of thehigh-power components that will be installed on theproduction cavity rafts. These included a productioncoupler box and window module, one HOM load and apre-production movable tuner. This time the cavity wasbaked to approx 140 �C for 24 hours, which considerablyimproved the vacuum pressure and reduced the initialprocessing time. The cavity was FM processed up toabout 70 kW peak power with controlled outgassing, atwhich point the modulation was gradually decreased untilCW operation was possible. The CW power was thenincreased slowly to 120 kW with intermittent trips due tocavity arcs accompanied by further outgassing (FMoperation was limited to less than 80 kW because of atemporary load on the circulator which has since beenreplaced with a 500 kW unit). At high power levels somearcing was observed in the movable tuner spring fingers,which were of an experimental high-conductivity (lowberyllium content) copper alloy. This was observed with aTV camera through a viewport directly opposite the tuner.The arcing was most prominent when the tuner was inmotion, often triggering a breakdown of the cavity fieldand tripping the station off. Suspecting that the springfingers might have been improperly bedded in, the tunerwas cycled overnight without RF. However when powerwas re-applied the arcing was much worse and the teststopped so the tuner could be removed and inspected.Some of the spring fingers were found to have failed andthere was evidence of arc damage to the tuner and insidethe tuner port. The movable tuner was replaced with afixed tuner from the production cavity inventory and afterthis vent to dry nitrogen processing was resumed. Thecavity was quickly processed back up to 120 kW andbriefly tested to 150 kW, corresponding to slightly morethan 1 MV in this configuration. Subsequent operation atthe nominal 103 kW level was quite stable althoughoccasional small arcs in the cavity were still visible.A modified movable tuner was tested which used tworows of spring fingers each having half the contactpressure of the previous design. This worked better,however some mechanical problems were still experiencedwith the fingers. The tuner has now been redesigned touse a high-precision external alignment fixture andGlidcop¤ fingers of a different shape.4˚˚WINDOW PERFORMANCEThe cavity window performed well during these tests,with only a few arc trips during conditioning. No glowingwas observed and the temperature, measured with an infra-red monitor, remained low. Figure 4 shows the timeresponse of the window and body temperatures to a stepincrease in power of 110 kW. The copper body stabilizesin a few minutes while the temperature of the windowtakes at least half an hour to reach equilibrium.The electric field at the window with 120 kW cavitydissipation is equivalent to 465 kW throughput into amatched load (the cavity is mismatched with no beam).The field at the window is effectively tied to that in thecavity gap, due to its location at a detuned-short position,so increased power due to beam loading in the machineshould not increase the power loss in the ceramicalthough there will be an increase in ohmic losses in themetallization and copper-plated flange due to the increasein waveguide magnetic field. This will cause a smallincrease in temperature between the edge of the window

4and the water channel due to the thermal resistance of theflange material. The PEP-II RF cavity windows have beendesigned for 500 kW operation and tested to full powerinto a matched load in a separate experiment [2].

304050607080 temperature (�C)0102030405060708090100110120 cavity power (kW)

0.47192

0.47886

0.4858

0.49274

0.49968time (days)cavity powerwindowbody temp<10 mins>Figure 4. Window and body temperature at high power.5˚˚PRODUCTION TESTING PLANSThe testing of the first high-power cavity was usefulin developing procedures for assembly and test of theproduction run of cavities starting this summer. A newclean room was assembled and all major assembly workwill be performed in this area. Controlled venting in thebunker to change small components such as pickups ortuners, with a constant purge of dry nitrogen, was shownto be acceptable. The cavity conditioning recovered quitequickly after such activity. Any major reassembly willrequire moving the cavity back into the clean room. Thebake-out process was shown to be beneficial in speedingup cavity conditioning and it is planned to bake all of theproduction units to 150 �C before high-power testing.This will help to outgass the ceramics of the HOM loadsand the window as well as cleaning up the metal surfaces.It is important to control the rate of temperature increaseand the uniformity of temperature in the oven tominimize the stresses on flanges and the window, so theramp rate will be slow and a stirring fan has been includedto circulate the air in the oven. The cavity assembly willalso be intrumented with thermocouples to monitor thetemperature distribution.Two dedicated panel ovens have been built so that onecavity may be in the process of installation or removalwhile another is in bake. This will help to prevent abacklog forming, since the bake-out is one of the moretime consuming steps in the assembly process.A system has been developed which allows forautomatic processing of the cavities under computercontrol. The test stand can be operated manually and allessential safety interlocks are handled in hardware, but thedrive level to the klystron can be controlled by thecomputer in response to various operating parameters. Acontrol and monitoring system has been implementedusing the Labview“ package on an Apple Macintosh“platform using National Instruments I/O cards. Thissystem has been used to automatically ramp up theamplitude during RF conditioning with frequencymodulation while keeping the pressure to below a fixedlevel. The program monitors the vacuum pressure andturns down the RF drive to the klystron if the pressurerises too high. Once the pressure recovers the drive isramped up again at a controlled rate. Figure 5 shows atypical automated voltage ramp after a controlled vent tonitrogen. The system also monitors various temperaturesincluding the window, and logs all the parameters to disk.

10-10

10-910-810-7

Pressure (Torr)

12:00 PM6/4/96

6:00 PM

12:00 AM6/5/96

6:00 AMtime

2.0x106

1.61.2 0.0

Gap Voltage

pressurevoltage (with FM)Figure 5. Recorded data from automated RF processingwith FM after a controlled vent.6 ˚ ˚ C O N C L U S I O N S The first high-power cavity has been tested both in abasic configuration and with various production-cavityancillaries attached. Power levels above those required foroperation of either ring have been demonstrated, and thecavity body itself has been tested briefly to its full designpower and voltage with no ill effects. Bake-out has beenshown to be beneficial to the speed of processing, and FMmodulation about the resonant frequency has beendemonstrated as an efficient method for controlling theevolution of the remaining gas during conditioning.As with other machines some problems have beenexperienced with spring-finger contacts in the tuners dueto the high circulating currents and these are beingaddressed with an improved finger design and bettermaterials and alignment.The window assembly has performed successfully toabove the highest field levels it will be expected to see inoperation. Increased power due to beam loading in themachine should not increase the power loss in the ceramicalthough there will be a small increase in temperaturefrom ohmic losses in the metallization and flange due tothe waveguide magnetic field.REFERENCES[1]"Development of a High-Power RF Cavity for thePEP-II B Factory", R. A. Rimmer et. al., Proc.PAC95, Dallas, Texas, May 1-5 1995.[2]"High-Power Testing of PEP-II RF CavityWindows", M. Neubauer et.al., Proc. EPAC96,Sitges, Barcelona, June 10-14 1996.