Proposal to theUniversity Consortium for Linear ColliderAugust 30, 2002Proposal NameRF Breakdown Experiments at 34 GHz.Classification (accelerator/detector: subsystem)Accelerator: structurePersonnel and Institution(s) requesting fundingO.A. Nezhevenko, V.P. Yakovlev, J.L. Hirshfield,Beam Physics Laboratory, Yale UniversityCollaboratorsChris Adolphsen (SLAC)Contact PersonJ.L. Hirshfieldjay.hirshfield@yale.edu(203)-432-5428Project OverviewAn experimental program is proposed to study rf breakdown in mm-wavelengthaccelerating structures. This research is expected to have relevance to fundamentalissues in accelerator structure design, as well as to near-term issues for NLC.Rf breakdown limits the accelerating gradient and thus determines the collider length.One of the most important questions in collider design is the frequency dependence of themaximum achievable accelerating gradient. Presently, and in some cases, breakdownexperimental data are contradictory, incomplete, and inconclusive as the followingindicates: () Experiments by Loew and Wang [2-4] demonstrated a square rootdependence of maximum surface gradient on frequency in the microsecond pulse lengthrange; independent experiments on single cavities under similar conditions showmaximum surface fields of 190 MV/m for S-band and 350-400 MV/m for X-band, inconformity with the square root dependence [8,13]. () For X-band acceleratingstructures such as those under extensive study in several research groups at SLAC, the

maximum surface field is always lower than in a single cavity, and the spread ofmaximum surface gradient depends on the structure type and parameters. Some recenttheoretical investigations at SLAC also indicate that one may expect an increase of thegradient with frequency [5-7]. () CERN experiments [9,10,11] do not match the SLACresults, as follows. For 20, 30 and 40 GHz, the maximum surface gradient for a singlecavity excited by the beam doesn�t depend on frequency, and equals about 380 MV/m forvery short pulse width [12] (at SLAC, the same surface gradient was achieved in a singleX-band cavity for pulse width more than 10 times longer). These differences are notunderstood, but it is suggested that the CERN experiments were done under differentconditions using different methods, as compared to other experiments performed atSLAC, KEK, and Budker INP. In further contradiction to the SLAC results, nosignificant difference was found at CERN between the maximum surface field for singlecavities and various accelerating structures. . It is not possible to develop the nextgeneration (multi-TeV) of linear colliders without careful investigations of the maximumachievable accelerating gradient for higher frequencies. This point has been enunciatedrepeatedly, within the accelerator community (e.g., Snowmass2001). This knowledge isimportant for NLC because exact information on the maximum accelerating gradientavailable and what the optimal operating frequency should be, may allow design of acollider upgrade to a center-of-mass energy which enhanced X-band technology will notallow. In addition, the breakdown investigations under way at SLAC includedevelopment of models of this phenomenon, and validation of these models will requireexperiments over a range of frequencies including frequencies higher than X-band, butcarried out under similar conditions. To be able to compare measurement results for S, Xand Ka bands and to exclude extraneous effects, these measurements must be done usingthe same method used at SLAC: high-power RF amplifier, waveguide system, pulsecompressor, variable pulse width, flexibility of conditioning process, etc.. The Yale BeamPhysics Laboratory�s 34-GHz program to establish a Ka-band accelerator test facilitysatisfies these requirements. The main component of this facility is 34 GHz, 1 msecmagnicon amplifier with the design power of 45 MW [1]. The tube is already assembledat Yale and it is under vacuum. We expect to start conditioning as soon as the tubemagnet is ready (which should be within a couple of months). Support for developmentof high-power 34 GHz transmission line components (including those which are requiredto feed the test structure) has recently been approved by DoE. During the proposedexperiments, coordination with SLAC is planned.In order to achieve the maximum gradient, one should make correct choices for details ofthe accelerating structure. We propose a test structure with both strong defenses againstrf electrical breakdown, and low peak surface magnetic field (in order to prevent pulseheating leading to metal fatigue). The improvements are based on the followinginnovations: () elliptical irises which reduce the maximum surface electric field:elliptical irises were suggested by the authors [14,15]; () the first cell of the structure[16] that will operate in the TM mode, so as to eliminate an additional overvoltagecaused by the input coupler. Also, there is no magnetic field enhancement near thecoupling slot. The structure has a group velocity = 0.05. This turns out to be areasonable choice in light of experiments with various X-band accelerating structures atSLAC. Details of the current structure design are given in [16].

It is important to emphasize that some of the design features of the test structure can bedirectly applied to the NLC X-band structure, namely elliptical irises that will reducesurface electric fields and consequently may allow an increase in accelerating gradient ofup to 15-20%, and the use of a coupling cell operating in the TM mode that will allowlowering the risk of breakdown and overheating.Successful operation of the Omega-P Ka-band magnicon (anticipated to occur by the endof 2002) will allow development to proceed for the 34.272 GHz accelerating structureeven before the availability of a full set of high-power Ka-band components such as pulsecompressors, mode converters, etc. This is possible because it is proposed to apply thetechnique commonly used in evaluation of accelerating structures, namely to operate thestructure first in a standing-wave mode. In the standing-wave mode, it is expected thatsurface fields and accelerating gradients of 690 MV/m and 180 MeV/m can be realizedusing 30 MW of rf drive power fed directly to the structure from the magnicon. At asurface gradient of 690 MV/m in the traveling-wave mode, the accelerating gradientwould be more than 340 MeV/m.The research team has decades of rich experience which includes design, building andputting into operation three magnicons in the decimeter and centimeter wavelengthdomains having up to 10�s of MW�s of output power; and design, building and operatingof electron accelerators based on various structure designs. Individual resum�s areavailable upon request.FY2003 Project Activities and DeliverablesDuring the first year, we will develop a design of the test stand, which besidesaccelerating structure will include 34 GHz high power feeding system and diagnostics.Together with the selected vendor, we will start mechanical design and fabrication of thetest structure. An annual report will be presented and engineering drawings of theaccelerating structure will be completed.FY2004 Project Activities and DeliverablesDuring the second year, the manufacturing of the test structure must be completed andthe cold test of the structure will be performed. The mechanical design of the diagnosticswill be completed, and the part of diagnostics which is necessary to complete vacuumassembling of the structure (e.g., source of the probe electron beam) will bemanufactured. During this year, the final choice of the feeding system will be done andrequired high power components will be manufactured. An annual report will bepresented. The accelerating structure will be completed and delivered.FY2005 Project Activities and DeliverablesDuring the third year, the accelerating structure will be assembled and connected to themagnicon. Then, the structure conditioning and experiments will be started. Thecomponents of the test stand will be delivered and assembled together with theaccelerating structure. The final report will be presented.

Budget JustificationThe first year�s activities are limited to design studies and manufacturing which involvestaff members (not included in the budget shown here), vendors and designers. Aminimal amount of travel funds is included to cover trips for consultations with vendors.During the second year, the design and construction of the structure and diagnostics willcontinue and post-doc support will begin.During the third year, construction will be completed. Experiments will be conductedmainly by the post-doc.Indirect costs are calculated at Yale�s rate of 63.5% on modified total direct costs.Three-year budget, in then-year k$Institution: Yale University Item FY2003 FY2004 FY2005Total Other Professionals 0 30.0 45.0 Graduate Students 0 0 0 Undergraduate Students 0 0 075.000 Total Salaries and Wages 0 30.0 45.0 Fringe Benefits 0 10.5 15.875.026.3Total Salaries, Wages and Fringe Benefits 0 40.5 60.8 Equipment 30.0 70.0 40.0 Travel 1.5 1.5 1.5 Materials and Supplies 3.5 3.5 3.5 Other direct costs 20.0 10.0 0101.3140.04.510.530.0 Total direct costs 55.0 125.5 105.8 Indirect costs 3.2 28.9 41.8286.873.9 Total direct and indirect costs 58.2 154.4 147.6360.2Notes:Equipment includes only fabrication of accelerating structure and diagnostics.Other direct costs include only procured design and engineering services.References.[1] O.A. Nezhevenko, M.A. LaPointe, S.V. Schelkunoff, V.P. Yakovlev, J.L. Hirshfield,E.V. Kozyrev, G.I. Kuznetsov, B.Z. Persov, and A. Fix, �34 GHz Pulsed MagniconProject�, AAC2000 Proceedings, Santa-Fe, June, 2000, AIP Conference Proc. 569,Woodbury, N.Y., 2001, pp. 786-796.[2] G.A. Loew and J.W. Wang, SLAC-PUB-4647 (1988).[3] G.A. Loew and J.W. Wang, XIVth Int. Symp. on Disch. and Elec. Ins. in Vacuum,Santa Fe, New Mexico, September 16-20, 1990.

[4] J.W. Wang, et al, �High Gradient Tests of SLAC Linear Collider AcceleratingStructures,� SLAC-PUB-6617 (1994).[5] C. Adolphsen, et al, �RF Processing of X-Band Accelerator Structures at theNLCTA,� LINAC2000, August, 2000, Monterey, Ca.[6] C. Adolphsen, et al, Paper ROAA003, PAC2001.[7] R. Miller, et al, Paper FPAH062, PAC2001.[8] L. Laurent, �Windowtron� RF Breakdown Studies at SLAC and Snowmass Summary,RF2001, Snowbird, Utah, October 1-5, 2001.[9] C. Achard, et al, � A 30 GHz Beam Driven High Gradient Single Cell Cavity Test,�CLIC Note 498, PS/AE Note 2001-010[10] H.H. Braun, et al, �High-Power Testing of 30 GHz Accelerating Structures at theCLIC Test Facility,� CERN/PS 2001-009 (AE)[11] D. Yu, et al, �High Power Test of 30 GHz Planar Accelerator,� CLIC Note 491[12] W. Wuensch, private communications.[13] V.E. Balakin, et al, �Investigation of Ultimate Accelerating Gradient in LinearAccelerator VLEPP,� Proc. of the XIII Int. Conf. On High Enrgy Acc., Novosibirsk,1987, v. 1, p. 144.[14] M.M. Karliner, O.A. Nezhevenko, B.M. Fomel, V.P. Yakovlev, "On Comparison ofAccelerating Structures, Operating in the Stored Energy Mode", Preprint INP 86-146(Novosibirsk, 1986, in Russian)[15] O. Nezhevenko, D. Myakishev, V. Tarnetsky, V. Yakovlev, �TW acceleratingstructures with minimal electric field�, PAC95, Dallas, p. 1076[16] O.A. Nezhevenko, V.P. Yakovlev, J.L. Hirshfield, G.V. Serdobintsev, S.V.Schelkunoff, B.Z. Persov, �34.3 GHz Accelerating Structure For High Gradient Tests,�PAC2001, Chicago, June 17-22, 2001, pp. 3849-3851.