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m Abstract guide-field. These coils are powered by four sep-
arate power supplies so that we can adjust the

I At the University of Maryland we have ex- magnetic compression of the beam and vary theamined an X-BaJad TEol mode three-cavity magnetic field taper across the circuit. This sys-
gyroklystron circuit that includes a tunable tem can operate up to 6.5 kG at the circuit.

m buncher cavity. The system parameters are: 425 The important features of the circuit, Fig. 2,kV, 100-200 A, pulse length _,, 1 /_s, operating are the remotely tunable buncher cavity and the
frequency 9.85 GHz, and a beam alpha, vj./vz, lossy dielectrics. To tune the cavity we insert two

m in the range 0.7 - 1.0. This circuit produced a metal rods (OD = 5.1 mm) from opposite sidesmaximum power of 27 MW at 32% efficiency and of the cavity. The tip of the rods travels from the

a gain of 36 dB. We will summarize the major outer wall of the cavity to within 5 mm of the

m results of the three-cavity systems, including re- drift tube radius. Most of the 120 MHz of tun-cent output cavity configurations that were to ability occurs when the probes are extended well

affect the post-cavity interaction, into the cavity. The lossy dielectrics are placed

m on the outer wall of the cavities to suppress un-Introduction wanted modes and in the drift regions to damp

unwanted oscillations and to provide isolation for

m We are developing a three-cavity gyroklystron the cavities.to show the feasibility of this device as an RF Zaput power for the gyroklystron is supplied

driver for future advanced linear accelerators, x by a 100 kW pulsed magnetron capable of pro-

i For these accelerators to achieve energies in the ducing 2 #s pulses. Forward and reverse powerTeV range, over a thousand phase locked drivers are monitored. Coupling varied from 20% to 50%
will be required. For this reason, achieving depending on beam parameters.

i high gain will be important and may requiregyroklystrons with three or more cavities. Our Experimental Results
early work focused on two-cavity gyroklystrons

i which gave promising results. 2-6 In this paper The three-cavity tubes had three distinct de-we will present the results of our three-cavity partures from the two-cavity designs. 3-6 The
studies. 7's first departure, of course, was the introduction

m A schematic diagram showing the major com- of the tunable buncher ca,vity whose Q (~270_ponents of the system appears in Fig. 1 and the was defined solely by an alumino-silicate ring on

microwave circuit appears in Fig. 2. The mag- the outer wall. The second change was to use ex-

m netron injection gun (MIG) is designed to give clusively alumino-silicate in the drift tubes andoptimum beam quality at 500 kV for 160 A and downtaper. The TElx attenuation was always

avelocity ratio a =_v m./Vll= 1.5. Our modulator superior to their non-porous counterparts, the

i produces pulses with 1/as flat-top and we typi- TEo, attenuation was adequate for cavity isola-cally operate at 1 Hz rep-rate. Eight d.c. water- tion at 9.85 Gttz, and no outgassing problems
cooled pancake coils produces the axial magnetic were observed. The third difference was to use a

m "This workis by the U.S. Department of lossy dielectric on the radial wall of the input
supported

Energy.
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DISCLAIMER i

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their 1
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- II
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-

ence herein to any specific commercial product, process, or service by trade name, trademark, 1
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- II
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof, lm
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cavityto achievea Q of 250 and to modify the valueofthepitchangle.The theoreticalresults°

i couplingslit. axe not consistentwith the beam a predicted.Elofthe threecavitytubeshad at lea,sttwo by the gun code._°Concernedthatsome ofthe

distinctoperatingregimescontrolledbythemug- interactionwas occurringaftertheoutpu_ cav-

I aeriefieldtaper.Figure3 shows theaxialvari- itywe decidedto increasethelengthoftheourationof the magneticguidefieldforthesetwo putcavity.The cavitycouldbe lengthenedwhile
regimes. The taperswhich optimizeeach of keepingthesame operatingfrequency,eitherby

I the operating regimes vary slightly from tube to reducing the radius, Tube 3, or by going to thetube, so we give the range of tapers used. The second axial haxmonic, TF-,ol:2,Tube 4. We also
steep taper has &30-32_ decrease and a field of included a probe in the radia_ waJl of the output

I 0.458T intheoutputcavity,and theweak taper cavityinTubes 3 and 4 to directlymonitortheItasa decreaseof 17-22% and a fieldof 0.453- cavityinteraction.

0.490T in theoutput cavity.The two regimes ForTube 3,with an output cavityQ of465.

I were alsoaffecteddifferentlyby increasedload the bestpower and gainoccurredat the same:efiections. operatingpointund were 22 MW and 44 dB, re-

The primarydifferencein the fourtubesex- spectively.In the weak t;tperregimetheuncali-

I Lrrunedisthe geometry of the outputcavities,bratedprobesignalwas directlyproportionaltoi:i_ure4 showstheoutputcavitycross-sectionof themeasurementmade intheanechoicchamber.

..acaofthetubes.Tube I..witha diffractiveout- Thissuggeststhattheweak tapercorrespondsto

, i,utcavityQ of200,operatedwellathighinput an interactionin theoutputcavitv.The probepower,producing23 MW at 27% efficiencyand indicatedthatfora strongtapertheinteraction
:ildB gain.At lowinputpower,instabilitieslira-occursoutsidetheoutputcavity.

I itetioperationto lowera or lowerbeam power. The outputcavityinTube 4,Q ,-,700,had taeThispreventedoperationat highgainand high same radiusas bothTubes land 2 and an output

power.We alsoobservedtha_thetubeproduced cavitylipthicknessthesame asTube 2.The car-

l kigher power when operated with the calorime- ity length, which was almost twice that of Tubester (2% reflection) a.s opposed to the anechoic t and 2, was intended for operation in the TEot2

chamber (< 0.t% reflection}, mode. The long length of the cavity caused the

I We suspected that the downtaper instabilities TEoll and similar lower order modes with one,_bserved in Tube I were suppressed with higher axial variation to have high Q, and hence low

iIlput power and thus we significantly increased start oscillation currents (< 10 A). To suppress

I the attenuation in the downtaper in Tube 2. We these modes, a thin ring of lossy dielectric was:_Isosuspectedthattheenhancedoperationwith placedon theaxialmid-planeofthecavity.Cold
;tmore reflectiveloadindicatedthata higherQ testsshowed thatthisringdid not affecttheQ

I in the output cavity was necessary..-kt our op- of the TEo_2 mode while substantially reducingrimum beam power (425 kV and 205 A) Tube 1 the Q of ali single axial variation modes. As in

was operating at 5% of start oscillation current Tube 3, Tube 4 also displayed two regimes of op-

I i_ the output cavity so we also increased _he out- eration as regards magnetic field taper. Tube 4put cavity Q from 200 to 350 in Tube 2. With has a maximum output power of 22 MW.

these changes Tube 2 achieved 50 dB saturated In summaxy, at 425 kV, as expected from their

I gain at 20 MW, and 36 dB at the high power similar designs, Tubes 1 and 2 have similar oper-point of 27 MW where the eit_ciency was 32%. ation characteristics. The increased Q in Tube 2

['he tube was able to operate stably with input allows it to operate slightly better in the currcnt

_ power as low as 200 watts, regime of 100-200 A. Tube 3 has similar perfor-
m Ongoing numerical modeling of this device mance properties at high currents, ,,_ 200 A, but

which considers only cavity modes has shown ef- has substantially reduced performance for cur-

I ficienciesfrom 21% to 38% dependingon how rents100-180A. Below i00 A, where largeal.thebeam loadingaffectsthe cavityQs and the phas couldbe achieved,thetube free-oscillated
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at the operating frequency. Tube 4, which had

the longest output caviW, had si_5"_cantly lower

I efficiency thaax Tubes I and 2 throughout the en- _w_.., r_.._=
tirecurrentregimeof 100-200A. Thistube op- ______.._. ._

eratedbetterat lowervoltages.The threecav- __( .........
I itycircuithas atJaievedsimilarresultsin power

and efficiencyas the two cavitycircuitand has

producedsubstantiallyhighergain. Questions __I stillremainastothe la_:kofagreemen_between
our theoreticalmodelinga_udthe experimental zmr_T_, s,_s_,nT,, o-_Tm
results. _=c,_ s..m.,c_,.v o,mc._
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I Figure 1. Schematic diagram of gyroklystron, put cavities of Tubes 1-4.
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